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This teacher edition cpntains all of the information found in thie student edition and also incl'uqes some

additional teacher a/gs printed in the contrasting italic type that you are now reading Suggestions are

given in the margins, for preparing apparatus, organizing stydents, and anticipating.difficulties that are *
likely to be encourtered. Also for each experiment, sample dat';i,\grqphs, calculations, and sample
answers to leadingquestions are given. These answers were obtained from the author’s students over the

past few years and some may lack rigor and conciseness. However, they are honest and can give you an

idea of the kind ¢f acceptable answers that can be expected from a typical student.

Most of the apparatus needed for these experiments is simple, inexpensive, and the kind that most
schools already have. A few call for more expensive apparatus such as lasers, air tracks, microwave sets
and nuclear dptectors which may not always be available in class quantities. For these, consider having
1 . . - E,,,vi, ﬁ, 7

1 the students work 1n small groups with each of the available set-ups and then rotating to another when
hed. Yoy might also consider the possibility of doing some of the experiments as optional labs for the
highly motiyated students or as class projects in which a few students operate the apparatus while the

rest record|the data and perform the calcujations individually. ;

: £ )
Most of the materials in this book are updated versions of basic time tes'tedphysics?éxpenments that have
been proven by several generations of physics students. Others are rather new and novel and were
adapted from ideas gleaned from physics journals ard from projects funded by the National Science

Foundation. d

[ ~
4 . - . .

Because there are so many excellent textbooks currently available for introductory physics courses, this
laboratory manu_al(ts not tied to any particular textbook and almost any of the popular texts will provide ’
the necessary theory and background.

% ' : ' . .

Notice several features in the student edition that make thelife of the instructor a bit easier The pages
have been perforated for easy removal and have been punched for reassembly in a standard loose leaf
binder. The wide margins provide space where students can record any supplementary suggestions for
modifying th;,droquures or improving the techniques of experimentation. Perhaps the feature that
provides the greatest help far instructors is the availabitity of specially written microcomputer prograrms*
to accompany this bcok. They guide students in obtaining data during the laboratory sessiony
methodically check each entry and calculation In the finalreport, and even assigna gradg' for this portion
of the lab work. Suggestions for utihizing these computer programs are given on the inside back cover of
this teacher mahual. .

.
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' . ' "INTRODUCTION ’ ,

1 .

» :

The laboratory experiments in- Physics are a great source of fun as well as a
- valuabletlearning exﬁerience that will be remembered for the rest of your life.
Current research tells us that skills teamed in the Physics lab are very different
from those found in other courses. ’

. . Although te;(tbook theory will usually explain everything, this is not always the
\) case. Often, blunders%nd faulty calculations in the laboratory lead to unexpected
results that seem to contradict the established theory. However, there is always

hat chance that you have discovered something new: something that others have
Mn/a_b}e to observe and explain before. True, it does not happen often, but

be assured that it does happen often enough to make things really interesting.

Unlike many other laboratory manuals, no special studying or préparation is
needed before you start a new experiment. Each one starts with a very brief

' introduction and any necessary explanations or theory are given as needed, either S
by the laboratory ins\ructions or by the correlated computer programs that

accompany this book. , . o
» . - .
In short, a great deal of h’élp is now available from computer programs as well as
textbooks and your instructor. The' rest is up to you. ) |
. [N N .
7~ 1 N

1

[

v

VERIFYING DATA WATH A MICROCOMPUTER

After running the first trial, it will be helpful to make the fiecessary calculations
- with a hand calculator and then have an Apple, PET or TRS80 rnicrocomputer
verify the data before proceeding with 'your experiment. ’

With the apprapriate disc or cassette program loaded into the microcomputer,

enter the data for the desired experiment in response to the ‘prompts on the
computer screen. The computer will let you know if thg data is reasonable and if

the precisionof your measurements is adequate for the particular experiment.
Whether or’not the data have the desired degree of precision, the computer will
accept the data offered and then letyou know if all of the computations are correct.

At this point, return to your apparatus, make any necessary corrections in your(
procedures and techniques, and perform ‘additional trials carefully recording the .
data for eagh trial. Wide margins have been provided in this book far your notes,
special otgervations, and additional data.

' ANALYZING DATA

Space is given in each experiment for entering the results of calcul tions,
\ analyzing the data, and recording conclusions. When you are required to6 draw a
. graph or a scale drawing for an experiment, carefully tear out a sheet of graph
paper from theback of this book and include the graph with the lab report that yau
submit tQ the iy):tructor. If the work is planned in advance and’if the graph paper is
used sparingly, there should bea sufficient quantity of graph paper for the entire

Q course. Instructions for rpaking graphs are given in Appendix 2.

£y
L
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* RECORDING DATA )

oomé AN/EXPERIMENT

) .
CHECKING APPARATUS ’ ~ .
When y@# receive yoc]r.apparatu'sag the beginning of the laboratory session, 'report ) =

any obvious damages, and missing or broken parts so you will not be held
responsible. Resist the temptation to play with the apparatus béfore yousare told to
start because parts are easily broken arfd, in many instances, the apparatus has .
been carefully prealigned by your instructor and may be difficult for you to reset.

b
You'rpight find that the apparatus that you are given is a bit different from some of
those illustrated in this book. Just as there are many types of Ifand calculators
which diffgar slightly-in appearance and in operation, there &are similar differences
among types of physics apparatus made by different manufacturers. However, all
are very much-alike in principle and it does not take long to learn how to use N
particular model. ' :

- MY
N

~

It 1s always necessary to perform more than one tnal for each expe(imentgo ensure
that the apparatus i1s performing correctly.and the observations are repeatable.
However, you must be the judge of how many trials are necessary for a particular
experiment to justify your conclusidils Sometimes only two or three trials arq
needed. At other times, the data may chang&o much frdm tral to tnal that even
five trials may be insufficient to grove anything. If more room is needed for your
data, use the wide margins or extra sheets of paper and rule space for any
additional columns tRat you think are necessary.
L

In recording data for these experiments, it will usually suffice to measure to the
negrest tenth of a gram, or the nearest tenth of awvolt. As a rule, the precision of the

-

' I .
.onginal measurements determines precision of the conclusions. It id be

unreasonable to conclude that the speed of sound in the lab is 346.58 meters per .
second If distances are only measured to the nearest meter and the time 1s only
measured to the nearest second. To justify the .58 you would have to measure
distance to the nearest hundredth of a meter and the time to the nearest hundredth

of a second. N

Above all, be honest in recording data. When working with a group, there is
nothing wrong in recording data obtained by your lab partners as well as your own
data. But be sure to indicate this fact on your data sheets. -

EVALUATING LAB REPORTS ‘ /

Near the)end of the lab session when all c{f your data i1s recorded and the evaluation
program for the experiment has been loaded into the microcomputer, enter your
name and other data into the microcomputer in response to ite prompts. In return,
a}fjer all of the entries have been mtde, the computer will give you a printout of
your data togéther with a suggested grade for your laboratory work. The grade is
based on the precision.of each data entry and the accuracy of your calculations.
Submit your completed lab report and computer printout to your instructor.

. . . : >
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When recording quantitative .measuremenis and arriving at conclu-

"slons, itis Importanftq_lndlcatg the precision that was achieved by the

experimenter. The precision can vary greatly with the care that you
take, your experimental techniques, and the apparatus that is used. In
this experlmgnt, apparatus with djtfering precision will be used and
the data wiii be recorded using an appropriate number of significant
figures. : ’

/ : PROCEDURE
Unmarked meter stick ) L
I f T f ] “ 7 I T ! ]
1 2 3 4 "5~ 6 7 8 9 19*

| . Méter stick divided into 10 equal p)arts

HWT]'TH”UHlll“”]ll]llll|llﬂ]lﬂll|Illlllﬂlllll‘lllllllH[”””IH‘HI”IIII[III'IIIH ,

0" 20 30 40 ~50 60° 70 80 90

Meter stick divided into 100 equal parts

10 20 ~30 40 50 69 70 80 90

Conv;nuon;l meter stick, divided into YOOO equal parts
. ~

1 Using an unmarked meter stick, measure the length of a leng
lab table or other object that is more than 2 meters long. Record the
length in whole meters and any remainder to the nearest tenth of a
meter (to the best of your estimation). For example, If you were to
record the length as 4.9 meters’the measurement would have two
signiicant figures and mean that the 4 is certain and the .9 1s
estimated. Enter your measurement in column A of the data chart.

2. 'Measure the’ same length using a meter stick divided into 10
equal parts. You can now determine the length of the table to-the
nearest tenth of a meter without having to estimate. To obtain greater
precision, however, measure to the nearest division and then estimate
the nearest tenth ol-\an:iivision. This gives the length as a three-digit
number with twoﬁec: al places. The first two digits are certain and
the last was estiffated Repeat this measurement several times and
record your results in the column B of the data chart.

3. Repeat the above procedure using a meter stick divided into
100 equal parts. Record the length of the table as a four-digit nurpneri

N 1 " i -

- ) A 4

® o — .

»

J : : l
EXPERIMENT ¢ MEASURING WITH PRECISION L . ”

1 [ ! “ty
} . \, @
Eﬁ:”l NAME : CLASS HOUR

/ﬁ’ jg ; i ; ; ;;_S N .

(""" ABPARTNERS DATE : ..
. - : ‘
\ PURPOSE )

This exercise is most successful
when students are organized to work
in groups of three or four It 1S
imporfant that gach studant make his
own measurements indépendently to
mimimize the tendency to be influ-
enced by Me results of his lab
partners |f there 1S disagfeement in
the data wheh all the measurements
have been completed, the memgers
of the group might review the meas-
u ent techniques before trials are
r;gmeére‘d

APPARATUS PREPARATION

A set of four specially marked meter
sticks 1s necessary for each group If
these are not available from scientific
supply sources, ordinary meter Sticks
can be adapted by wrapping them-
with paper on which scale divisions
areXcarefully marked.

e

A meter stick with a-~Square cross-
section and with a different scale on
each face Is available from Sargent-
Welch Scientific Cor ®

. .




SUGGESTIONS AND TECHNIQUES . \ ,

1. When high precision is required, it is usually not
advisable to start measurements from the end of the meter stick.
In the process of mass production, it is difficult for manufac-
turers to cut the meter stick with precision. Algo, older sticks
may_ have worn ends. A check of sevéral meter sticks will show
that some are longer than others. '

. 2. If you hold a meter stick dh edge whenmeasuring, so that
the bottoms of the markings actually. touch the item being
measured, you are more likely to g%tthe same measurements in

.\ successive trials. . /

with three decimal places. The first three. digits are certain, and the’
last is estimated. Enter the data in' colymn C of the data.chart. Note -
. that it is more difficult now to obtain the same results during several

, ‘ " independent trials, because greater precision has been achieved.

4. USing a conventiongl meter stick, with 1000 divisions, measure

the length of the table several times. Estimate to the nearest tenth of a

) ' division to obtain measurements with five digits (four decimal
: places). Enter the data in column D of the data chart,

\,‘ ‘ DATA’ -

Length of table or other long object (in meters)

r .

L]

t

K . T, f\x‘

. A B c + O
Stick used | {ynmarked} 10 divisions | 100 divisions | 1000 divjsions |

{ 49 | 487 | 4877 |48835
Brimn [ 2 1.887 48878
| <3149 [488 4800 48872
o Smed : 4687 (45831 |
- 1 s |49 1488 |488b |4.8892

LN T Jaem 48879

/7

(Answers are based on sample data.) RELATED QUESTIONS AND ACTIVITIES

. . 1. Itis expected that your data in column D will vary from trial to
trial because of the difficulty in getting the same four digits that are

. : certain with only one uncertain digit each time. Using the data in
% ' column D, record the length of the object usiny only digits of which’

you are certaih:

. . 488

1 ~ meters.
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EXPERIMENT 1. MEASURING WITH PRECISION -

N +

NAME -

L4 "

~ .

2 Now record the length of the object using the conventional L

' Jnumber of significant figures. That.is, record all of the certain digits

and only the first of the estimated digits. the fll"S‘l estimated digit
differs from trial to trial, average them.” (For e mple if your
measurements were 4.8835 and 4.8878 meters, you would record the
certain dlglts 4,88, and then average the uncertain 3 and uncertain 7
se your final measurement would be 4. 885 meters.)

| _J 4.887

3. Why is it better to take several independent trials of each
measulement rather than rely,on one mal’? »

meters. -

(-Iawng more than one trial minimizes human and random errors.

» ¢

"
<

" 4. Suggest an improved technigue that would alffow you to deter-
mine the length of the table to one more certain digit.

Use a magnifying glass to read ruler. Average at least 10 trials.

P N B
-.{ . »

X~

'

N *

Va . 4 N
5. Why it is more difficult to _obtain%peatable results when
. greater precjsion is attempted?

Small Prrors‘ do not show up when measurements are crude.

n -
' =

> - =
3, . 3

5 ’ L L4

. 6. Tr]e purpose for using data determines how much precision is
needed(in measuring. Give an example of a practical situationwherea .
high prems:on (many certain digits) is needed

Great prec:s:o is needed in space shfp\nawgatfon

N

™~

-

17. Give an example ofa pracncal situation where measurements

having many significant fugures are unnecessary and indicate
- wasteful experimental techniques.

Measuring the thickness of a textbook to’thg nearest ten thousandl) of.a

pE
mr'llime{er has no practical purpose.

L}
<0
.
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LAB PARTNERS

PURPOSE

'Wh'en forces are added, both the magnitude and the direction of the
. forces must be taken intopaccount. This experiment is' designed to
reinforce the concepts involved in vector addifion by the graphic
method. If necessary, refer to yourtextbook for additional information.

g ‘
PROCEDURE

I

-

-~

‘Studénts should work in groups of
three or four, because the actual time
spent on adjusting the apparatus and
taking data 1s negligible compared
with the time that.is required for
analysis of results. Each student in a
group mjght be required to construct
a diagfam with a different force-
distance scale ’

APPARATUS PREPARATION
If pegboards are used, pencils or
standard wood golf tees can be
insePted in the holes to mount the top
of each spring scale. For each group
of students: '
1 commercial force board or 1
pggboard (about 2 ft. x 2 ft.)
3 spring scales (preferably same
‘manufacturer and Same range)
1 ring or. washer for, central tie
point
string
1 prece of carboard or small note-
book to support sheet of graph
paper beneath strings
» Spring scales marked in newtons are
preferable to spring scales marked in
grams. However, it only gram scales
are available, students can convert
their readings to newtons using the
approximation that each 10-g inter-
val marked on the spring scafb stands

)

for 0.1 N of force.

1. Use a commercial forc8 board or set up three scales on a
horizontat peg board as’shown in the photo. ' o

2 Adijust the apparatus so that gach of the three strings 1s between
10 and 20 centffeters long and the indicators p{){}he three scales have
different readings but,all are near the centers of their ranges.

3. With the board flat on atable, grab the ring at theintersection of
the strings, lift it up,.and let it snap back once or twice to overcome
friction in the scalesand to adjust the tension fo;jjuijibrium.

4. Slip a piece of grgph paper beneath the threefstrings so that the
ring is above the center §{athe paper and one of the strings lies directly
above ong of the grid lines on the graph paper. With a sharp pencil,

5

'
-

1!
A 1




P

N/

T compensate accordingly.

r - ™
SUGGESTIONS AND TECHNIQUES

1. Before setting up the apparatus, it is agood idea to ch
'the zero reading of each scale in the horizontal posstlon and

2. When. selecting a force-distance scale for drawmg
vectors, use a scale that will result in the longest vectors that can
fit in the space available.

\_ ‘ ? ./

“

-

'make & dot on the paper to show the position of the center of
the nng, and-make additionat dots along each of the strings. A piece
of cardboard or a Hin notebook may be placed beneath the paper to
‘support it while you are making dots.

e

o’

5. On the data chart record the scale reatgs F1,F2, and F3, in

newtons for each of the three scales. If the scales are cali rated in
~-grams, multiply the'scale readings by .01 to get the approximataw ght
ed

in pewtons. (Thus a reading of 32 grams would be record
newton ) ®

6. Remove the paper from the apparatus and with the aid of a

straight edge and a sharp pencil connect the dots with three straight

lines radiating ‘out from the center dot. These lines represent the
directions of the forces exerted byithe spring scales. Extend each of
these lines to the edge of your paper. Then measure the-angle between
the lines for scales S1 and S2 and record this angle (A), in the data
chart, W - ‘

7. Using a convenient scale (such as 1 cm of length representso 2
newton of force), start at the central dot and measure out a distance
along the force line that corresponds to the reading of spririg scale No.
1. (If the scale read .32 N, and 1 cm length is used to represent .2 N, the
measured distance should be .32/.2N/cm = 1.6 cm). Place an

arrowhead at the end of this distance and darken the line between the

arrowhead and _central dot. You now have a force vector that
represents scale reading F1. Repeat this procedure to construct a
secand forc}‘uecior for scale reading F2.- .

8. Construct the resultant of the two vectors you have just drawn.

9. Measure the length of the resultant and convert this value to a
)oroe value using the force-distarice scale that was previously
selected. Enter this resultant fbrce F(R) in the data table.

10. Now draw the force vector for the third force line. Compare it
with the resultant of the first two force vectors. Since the net force on
the ring is zero when it isin equsllbnum the resultant should be eqyal
in magnitude (value in newtons) and opposite in dirgction to the third
force vector. ¢

11. Using the same paper and the same force-distance scale, fmd
the résultant of the third force vector and one of the first two force
vectors. Compare the resultant to the remaining force vector in each
case.

-




EXPERIMENT 2. VECTOR ADDITION OF FORCES

L

NAME: -~ -

¥

. ‘ DATA TABLE * .

ic Force-Distance Scale . "‘ -
centimeter = ___ 0.2. newton

P -
-

-

“Trial 1 Trial2 Trial3 Trial4

| scaleF1 5 .
Lot U 140{ " | . y

5 sm(.ﬁ)f:z O&O S s,
| e 10

Resultant F (R
o PR |4t

’;”iq

5 e Sc?::;FS". 137 ‘4 ,
o Pmt (58] -

RELATED QUESTIONS AND SUGGESTED ACTIVITIES

1. When three forces are in equiliBriun] the resuitant of any Awo
forces should be equal in magnitude to the third force and opposite in
direction. If you did not find this to be true, calculate your percentage
error. This is done by subtracting the magnitudes of the resultant
force and the third force, dividing the difference by the magnitude of
the third force, and then multiplying the product by 100%.

7
Show a sample calculation here and %nter the percent gfror in the

data chart, /"

. v H N

-

, 1.47'!1 ;3}?.34”,('100% - 2858 4 emor

-
[
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2. Predict what would happen to the reading on the third scale n‘
'the first two scales \&ere to be moved closer together and the strings
adjusted so they would indicate the same forces as before. -

The reading of the third scale shoyld indrease.

-

L3

.

3. Experiment, by actually moving two of the scales closer
together and adjusting the stnngs so they indicate the same forces as
before. ‘Observe the readung of the third scale and comment on the
accuracy of your prediction in the question 2 above.

My prediction was correct. - .

-

»

. If each of the threg"scales is applying a force in a different
dnrect:on why is it impossible for the angle between any two of the
forces to be 180°?

FThe (esu/tanl of two forces at 180° 1s zero. Thus, the addition 6/ athird force 1s

[

impossible.

5. Suggest an improvement in the apparatus or a technique
which would permit more precise measurements and reduce the
percentage error. :

. The scales are calibrated to hang vertically. Since they are used horizontally

here, they should be recalibrated.

Whnc @
scale reading « O 80N

{
/ f
. ] 140N tooem ® 15?N;°b‘150r’n
. ~
scale rcadln\g‘;\ubu
~
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EXPERIMENTe TORQUES ) -
NAME CLASS HOUR
A ———/  LAB PARTNERS: DATE '
C ) ! ~

' PURPPSE

- Torque measures the tendency of a force to rotate an object about an

axis. The principles of applying and balancing torques are explored in
this investigation.

A. BALANCING TORQUES ON A METER STICK

N

PROCEDURE

PRI
e

Meter Stick

. /
‘ . T 4{:0 1 ! i K J

x(2) \ 1
x(0) x( ).

2009 100g

-

1. Suspend a meter stick from an overhead support as shown in
the diagram. Slide the meter $tick along the clamp until you find a
positibn for the clamp at which the meter stick balances horizontalily.
Record the position of this point of suspension X(0) in the data chart.

2. Exactly 10.0 cm to the righgof the point of suspension, hang a
100-g standard mass. The weight of the standard mass exerts a force
on the meter stick that causes it to rotate around the point of
suspension. Observe whether the torque produced by this force is
clockwise or counterclockwise. Record the position X(1) and weight
F(1) of the standard mass in the data chart, using the approximation
that a mass of 100 g weighs 1.00 newton.

3. Hang a 200-g standard mass on the left side ot the meter stick
and adjust its position until the meter stick is balanced horizontally.
Record this position X(2) and the weight F(2) of the standard mass
(2.00 newtons). Also note whether the weight of the mass creates a
clockwise or counterclockwise torque around the point of sus-
pension. .

4. For trial 2, hang the 100-g mass 20.0 cm to the right of the point

of suspension ang halance the stick by finding the appropriate position
for the 200-g mass on the other side. Record the position and weight of

each mass.

»

Students working tn pairs should be
able to complete most of this exper-"
iment in the time that is normally
allotted to the lab period. Because
the equipment is comparatively inex-
penswve and rugged, stydents might
be. allowed to borrow some of the
school's equipment and finish the
experiment at home 1f necessary.

APPARATUS PREPARATION
For each group of students:
1 meter stick
1 100-g standard mass
1 200-g standard mass
.meter stick clamp
string to suspend meter stick and
+masses
overhead support such as tripod or
ringstand to suspend apparatus
For the entire class’
several objects of unknown weight,
* such as rocks (0.2 N to 10 N
each) .
triple beam balance or spring scale




"Remind students that 100g equals 0.1
~ kg and weighs .98 newtons.

If this expeniment is scheduled near
the start of the course, it will also

. help to review the conversions from
céntimeters ta meters. For example
49.9 cm = 499 m.

-

1. Itis important that the meter stick not slip along whatever
is supporting it. Although' a commercial meter stick clamp is
preferable, a cord -with a tight slip knot.may be satisfactory.

2. The position of the mter?fé( clamp is measured by the
position of the pointer in the center of the clamp:

3. Suspend the known and unknown masses from the meter

- stick using strong thread or lightweight cord. The weight of the
cord can ‘be neglected in calculations. Commercial weight |
hangers- might be available at your school but they are not
recommended for this experiment because their weights are not.
negligible and must be added to those of the hanging masses in
all calculations.

- 4. When the meter stick 'Ebalanced horizontally, the cords

that hold the hanging masses#¥ill always be perpendicular to the
meter stick, since the weight of the masses pulls them straigD

down

‘ \

. Repeat the above procedure, using a variety of positions for
the 100-g mass and finding the corresponding position of the 200-g
mass that will balarce the meter stick horizontalty. ¢
6. Substitute different known masses on each side of the point of
suspension. Repeat the above procedures.

»

DATA AND ANALYSIS

ﬂmetef

Location of point of suspension X(0) =

e ]

TABLE | ' ~ TRIA

. 1 2 3 S 4 5 6
Mass (grams) M(1) 00 | 100} 100 lOg
Postion of mass x;1) 59 .89 |.99 .m
emon maar sy {00 1,200 | .300(.400
Force, nawtons F(1) |00 {L0O |1.00 [1-00
Torque. N—m G 100 1200 300 400
Mass (grams) M2 200|200 ]| 20 | 200
Posttion of mass “x@ 448 1,3%.349 .30
DM ".o'nmp::m of S‘(Z) ) oos’ nbs .‘SO '97

e

Force: newtons F(2) 2.00(2.00 200 |2.00
Torque, N—m © G(2) 0% |.206 |.300{.3%

Percent ertor & <2 1.3% 0% |15

( SUGGESTIONS AND TECHNIQUES \
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EXPERIMENT 3. TORQUES \

NAME: ) ‘ - pa

CLASS HOUR:

Vo

1. The torque around .the pomt of suspension, in nawton—
meters, equals the force creatvhg the torque, in newtons, times the
distance of the force from the point of suspension, in meters.
Ca!cu!atethetorque exerted by each force and enter irl the data chart.

2. When the meter stick is motionless, the torques are balaficed
and the counterclockwise torque should be exactly equal to the

clockwise torque. If there is a small difference due to experimental’

error, calculate the percent error by dividing the difference by the
clockwise torque and multiplying the result by 100%.

B. WEIGHING AN UNKNOWN

-

A
PROCEDURE =

1. After making sure the meter stick is balanced horizontally
when nothing is hung from it, hang a known mass on one $ide of the
meter stick and an object of unknown Inass on the other side.
Adjust the position of the unknown until the meter stick is again
balanced horizontally. Determine and record the weight of the known
mass and record the positions of the two objects.

2. Move the known mass to several new positions. At each new
position, move the unknown until the stick is rebalanced and record
the positions of the known and the unknown.

DATA AND ANALYSIS

* . Location ot point of suspension X(0) = _“.{9_'8_cm

“Known mass m(k) = __IOO_g

TABLE II. "4 2 3 4 5 8

o |Position of mass m x| 598| 698108 G‘Bl
§ 2:3;32;2::;%': ?r?;)m S(k)| 10-0]20.030-0} 109
$ [Foree (N F(k)|1.00{1.00{1.00{1.00_
2 T

X  |Torque (N-m) ™ G(k)| 100/.2001 300} 400
<, Position of unknown(m) X(u)l 423].%%.26% 4?61
] N P\
=1 Torque (N-m) G(u)|.10a| 200/ 3001 400]
Calculated weight (N) W(u)| 133 L32]130][.32
Measured weight (N) W {1.321.32] 1.33| 32
Percent error E |8Z]0|lb] O

- 11
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4. Using the fact that the clockwise and' counteralockwise
torques are equal when the meter stick is balanced, calculate the
. —weight of the unknown and enter in the data chart.

2. Use a spring scale or commercial balance to find the weight of
the unknown. (If you measure the mass of the unknown in grams, you
can find the weight by using the approximation that each 100 g of

- mass weighs 1.00 N.) Compare the measured weight with the weight
‘ you calculated from the torques and find your percent error.

' A
y RELATED QUESTIONS AND ACTIVITIES

1. Suspend the meter stick way off center so that the clockwise
torque is much greater than the counterclockwise torque. Hold the

meter stick in the horizontal position and then let go. Describe what

happens and what final position the meter stick takes.

Meter stick rotates clockwise. When 1t comes to rest, it is almost, but not
¥

exactly vertical. '

2. Using the principles of torques that were learned in this exper-
iment, make a scale of your own and calibrate it to read weights
directly instead of distances.

3. Try a more complicated experiment by hanging several
masses on each side of a suspended meter stick, one of them an
unknown. Using the principle that the sum of the clockwise torques
and the sum of the counterclockwise torques must be equal when the
stick is balanced. calculate the weight of the unknown mass. Check
the weight by using ~_~a' sprimg scale or a commercial balance.

Y -’:J >

oo
|k




EXPERIMENT o

NAME ,

RESOLUTION OF A FORCE INTO, COMPONENTS

"3

CLASS HOUR

\

—/  LAB PARTNERS

DATE ' .

—

PURPOSE .
Just as two forces acting together may be treated as a $ingle force,

called their resultant, a single force may be resolved into two or more -

forces acting in different directions, called c'omponengs of the original

force. Thé most useful application of this resolving technique Is in -
taking a force which Is acting at an angle to the surface of the eagg:\

and resolving it into its vertical ahd horizontal components.

PROCEDURE

r \ / LF
(-]
L -
LL L ¥V
r—/ . r-/ \-‘
- - q#‘
1. Attach two spring scales to an overhead support and hang a

known weight between them as shown in the diagram. Place a piece -
of graph paper behind the paper so the ring is at the center of the
paper and the vertical string holding the known weight coincides with
one of the vertical grid lines on the graph paper. '

2. Using a sharp pencil, carefully mark the position of the center
of the ring on the graph paper and then trace the angles formed by thq
three strings radiating out from the center.

2 3 v

13 o

3y . .

-

”

€

It 1s recommended that this experi-
ment be done with the students
working in pairs

Many teachers wil war/n to do one of
the procedures as a class demonstra-
tion erther before or after the labora-
tory exercise.

4
APPARATUS PREPARATION

2 spring scales, rangeO to 20N (or
2000 g) .

1 known weight, 100 N (Tape 2
‘nickels to a 1- kg standard mass
to give 1t a weight of 10.0 N.)

3 lengths of string, about 20 to 30
cm each

oveérhead support to hang scales
as shown n drawing *

B

S

i

4
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3. Remove the graph paper from the apparatus. Record the
reading of the left scale (F1) and the right scale {F2) on the data chart
and also on the appropriate pencil lines that you drew on the graph
4. With a protraetor, measure the angles formed between the
force lines and the horizontal grid lines of the paper. Record jhe value
of these angles, A1 and A2, in the data chart.

5. Choose a convenient force-distance scale an& construct a
vector of appropnate length for each of the two forces supplied by the
spring scales.

6. From the top of each vector arrowhead, draw a vemcal ‘line
downward until it reaches the level of the vector origin. The lengths of
these lines correspond to the vertical components of the respective
forces. Measure the length of the vertical line F1(v) and using the
same force-distance scale (steép 5 above) calculate the gorresponding
force and record the value in the data chart. Do the same for force

. F2(v).

g
I

G ) F2(H)

L}

7. The horizontal components of the two original spring scale
forces are represented by the distances between the origin and the
bottoms of the vertical arrows. (See the diagram at the left). Measure
the lengths of these two lines and usmg the original force-distance
scale, calculate the value of the horizontal component forces F1(H)
and F2(H) and enter them in the data chart.

( SUGGESTIONS AND TECHNIQUES . x

1. When making vector diagr s, it is essential that a sharp
pencil be used with a straight edge to draw all vectors and
construction lines. The use of point pens is not recom-

mended.

2. Always tap the apparatus and scales before making
readings to be sure that the scale indicators are not stuck. Once
the apparatus has been properly adjusted, however, be es-
pecially careful not to disturb the equipment until all calcu-
lations have been made. In case of error, it is a good idea to

Qcheck the original data readings. )

“ 23
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: EXPERIMENT 4. RESOLUTION OFf A FORCE INTQ COMPONENTS™ -,

NAME ) CLASS HOUR: -

\‘\ 3 . *
. ’ .
. ' s . . v IO . . i N

DATA AND ANALYSIS . -
(Al forces are in newtons) - T, -

1Force exerted by left scale  (F1) I3

) 15
T - ] .t

-Angle A1 s, . 5!’- i i ek ] IEHH
Horizonta}, component (F1H) S R LA S
- : ) . 25 . St R R &
- Vertical component  (F1V) | 3 4 h iy 1 1.
Force exerted by right scale (F2) 7}3' e >_:: -
= Angle A2 19° i s R e Dy o
S - Horizontal component (F2H) 2.6 T e s
Vertical component  (F2V) é? ’ : A X5 I
Differgnce between horizontal ‘ i G ]
.components (F1H)-(F2H) 0.1 kAN
Percent error of horizontal 3 B RTH N
? components 4% 888 B Lot
Sum of vertical components - Ehied NS LR B
(F1V) + (F2V) /O(‘.‘l | 1§
' Welght of hanging mass (m) /0.0 A
Difference between upward and ' 1.
downward forces (F1V) *gﬁ:?V) Me.a Wil
Percent error of vertical
) components ! cl?. .
x , (
. 1. Using your force-distance scale, deterntine the magnitudes o.f -
the horizontal and vartlcal components of the forces exerted by the =
scales. Record the magnitudes in the data chart. You may record your ’
partners’ valués for the componentszin the remaining cojumns. ,
2. |f the apparatus is stationary and a condition of equilibrium
exists, the horizontal force pulling to the left should be exactly equal *
Yo the horizontal force pulling to the right. The two are probably not "
equal because of experimental maccuracues Calculate the percent .
errqr by dividing the difference by the smaller of the two horizontal
_ forces, and enter tgls value on the data chart. +
3. Since the apparatus was in equilibrium, all upward and )
downward forces must be equal. That is, the sum of the vertical = ~ -
components of the forces exerted by &e two scales must be equal in ~ -
R magnitude to the downward khown Weight. If they are not equal,
Qo calculate the percentage error.
ERIC - 0
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“NAME ,

- l-, ‘

”

(R S '
v a

established in this experiment.

N

) LAB PARTNERS.

CLASS HOUR.

-

" \DATE

.
o= >l
-
) -
.

-

PURPOSE

When a weight is on an Inclir)'e, only a portion of the weight acts to
force the dbject downhill. The refationship between the magnitude of
the downhill component of the weight and the angie ot incline will be

P

» »

» L

PROCEDURE

4—

1. Place a dynamics cart of known weight on an inclined plane

and adjust the tilt so that the block or’cart is free 1o slide down the

inclined plane.

2. To make a vector diagram that wilPshow the componentdof
the weight of the cart when it is on the inclined plane, draw on graph
paper a horizontal line representing the surface of the laboratory
table. Also draw a line representing the inclined plane. The angle

- between the two lines must be the same as the actual angie between

fbe table surface and the inclined plane. Draw a small rectangle to
represent the cart on the incline and place a dot at its center to

~ " indicate the position of its center of gravity. Choose a convenient

force-distance scaie and draw a vector vertically downward, stafting
at the dot, to represent the weight of the cart in_newtons (W).

y 17

e
Aot J

If insufficient time js available for the
class to complete all of the experi-

“ments, this one may be omitted

because the principles are similag to
those n experiment 4.

APPARATUS PREPARATION

-1 dynamics cart. Insert an eye-
screw in the top of the cart, near
the center, directly above the
point where the cart will balance
on your fingertip.

2 lengths of string, about 30 cm
each )

2 spring scales, range 0 to 20 N{or
2000-g)




3, 4 »

3. Resolve the weight vector into two components at right angles
to each other—one parallel to the incline F(P') and the other '
. perpendicular to the incline F(N'). The first component is the force
A . which pulls the block or cart down the inclined plane and the secord
is the force that presses the block or cart against the inclined plane.

* 4. Place the block or; cart on the inclined plane and connect two
spring scales to it as shown in the diagram. Pull on one spring scale -
perpendicular to the plane and pull on the other spring scale parallel -
.« 1o the plane. When the tension of the two spring scales has been
adjusted properly, it should be possible to remove and reinsert the ,
plane without disturbing the position of the cart. Record the readings
. of the two spring. scales, [F(N) and F(P)]. p .
% .

% FA ‘

g

, DATA AND ANALYSIS
Weéight of .dynamics cart, W = Lnewtons.
Angle of incline, A = _'_?;Zﬁdegrees. .
: Sine of angle of incline = i ' /

N ¢ ) L
Cosine of angle of incline = _~ &% N ry|
r— F——-— — ———iPe - - — e A
S s e netdd . -
ntirees Bitee vy d -
et tebit e , .
BN & Sy @ At o S . ~ o i
ke ey PN SET P . . .
TR n baven ¢ 4 58 SOH bonwe . Component of weight parallel Component of weight -
Sea Sl T nae A5 SRS b L ens Enan] Sosen : to surface of inclined plane perpendicular
H ane e to surface of inclined plane °
W S8 4 re X —
ST ove 2o $4as roelE
X - 4 M Iy : »

~ . Vector [ Tenei Vector
Spring scale] Y % |Spring scale| Y %
TRIAL reading F(P)| 9120raM | orop |reading F(N)| 9129ram | orror

3 : 1, value F(P") value F(N')
g pldou — 1 " ‘z '?'.:t_:.:l, 1 L!.S q.'] . qqz 11:5 Il‘7 l:7z

7
i
B
i

for

-.--
* 11
4
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i
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S

o 14

1. Measure the lengths of the components of the weight vector
on the vecfor diagram. Use your force-distance scale to convert these
lengths to force magnitudes, and record these values in the data chart
[F(N') and F(P")].

A 2. Compare the values of the compone‘gts obtained from the“

".é'g:' vector diagram with the cormresponding valués measured with the
o - spring scales. Calculate the percent error by dividing the difference
2 . between the diglgram value and the spring-scale value by the spring-
R . " scale value and muitipiying by 100%.

.
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N < EXPERIMENT 5. FORCES CAUSED BY WEIGHTS ON INCLINE
. -
/ NAME: o ' : CLASS HOUR:

T ’ ’ [
— K - ’ -
3. Chinge the angle of incline and repeat the procedure above B
for each change of incline. T, . . . .

*3
a SUGGESTIONS AND TECHNIQUES= ) . '

* Minimize the friction between the cart and the incline by
making sure that the wheels of the cart are well lubricated and /
spin freely. ) - ’ .

I Make it a habit to gently tap a scale with your finger to be ) N
sure that it is not stuck, immediately before making each new

@'ding. , ’ Y, \
‘ ' _ 2
RELATED QUESTIONS AND SUGGESTED ACTIVITIES ’

1. What relationship can you establish between the magnitude of

the component along the incline and the sine or cosine.of the angle of . .
inclination? There is a direct proportional relationship -between

-

the magnitude of component Higng the incline and the size of the angle. - ‘ N
; T

P . . ;
. 2. What refationship can you establish between the magnitude .
of the component perpgndicula('td the incline and the sine or cosine

of the angle of inclination? ¢

. , There is a direct proportional relationshi twegn the magnitude of the . (
’ : & —
perpendicular component and the cosine of the angle.

3. Calculate the angle of inclination that would result in a
‘component parallel to the incline that has a magnitude half as great as .
the weight of the cart. Angle (F/2) = . ,
Set ydur incline at the angle that you have calculatgd and use 2 spring ) -
' scale to measure the forge parallel to the incline. Account for any
differences between your predictions and the actual results of this —
trial. )

e"ﬁ*

< . £r - ot

- 4
With the incline set at 30°, the parallel component of the 12.7N cart was 6.5N

AN

rather than the theoretical value of 6.35N. There is a 2% error inreadinga ' ¢ )

e sprir;g scalegnd a quarter degree error in reading a protractor.

f P R . - AT,
2

L4 ’ ~ ‘-




EXPERIMENT o\ . TIMER CALIBRATION

. NAME. CLASS HOUR.
\ ) (AB PARTNERS _ DATE
\ »
PURPOSE .

“

Any device which produces répeatable events at regularly spaced
intervais may be used as a timer. In this experiment, severai timers wili
be investigated and compared for their timekeeping abilities.

Investigate as.many different typés of timer as time permits.
' 4

’ <
A. PENDULUM TIMER .
J . .
PROCEDURE
" g «% — Yo,
String

i r )

, AN - v

- . Weight -~ '
) -~

1, Suspend a weight from a string approximately 10 centimeters
long. Fasten the top of the string to a stationary overhead support.
Start the weight swinging in a small arc. Using a stopwatch as a
standard, record the time that is necessary for the pendulum to
complete the number of swings given in the left hand column of the
data table for this experiment. Repeat this procedure sevefal times

. until you,are- sure that the results are consistent and.repeatable.

2. Increase the length of the string®6™5 ¢m to change thetiming
interval of the pendulum. Using the stop watch find the time that is
required for the pendulum to complete the number of.swings givenin
the data chart. / . )

3. Readjust the length of the string to several different values,
recording the swinging times required for each length. ‘

4. For each pendulum length, calculate the period of the

. pendulum by dividing the total time by the number of completé
swings. ] . . .

5. Make a period vs. Iendﬁgraph by plotting the pendulum

period associated with each of the string lengths.,Draw a smooth

curve through the points that weré plottedy

»
o~

y 2t 2y

‘e

(e

N »

If time 1s limited, note that Part B
(water clock) can be skipped if you
plan to omit Experimegy 9, Part A
«(Galileo’s apparatus) and Part C
(tape timer) can be <kipped if you -
ptan to omit Experiment 19. Students
“should work on any of the timers in
pairs.

>

APPARATUS PREPARATION
1 hooked standard mass, 200 g
1 styng, about 75 cm long  *
1 support to hold pendulum

" 1 stopwatch

See sample graph on next page.
Before students draw curve, check
that they "realize it should pass
through the origin (period approach-
8s zero as length approaches zero).

r




. -< 4 'SUGGESTIONS AND TECHNIQUES . )

1. In calibrating thé pendulum timer, it.is customary to
measure the length of the pendulum from the point of
suspension to the center of the weight. In practice this may be
found to be difficult to do with precision. If the peridulum is
y4 measured from the point of suspension to the top of the weight
or to the bottom of the weight, it will no} affect the timer
- calibration as long as all measurements are made to the same
\ . . point.

. 2. When using the water cl it is important that the water
level be adjusted to the *same ht before each trial; for-
‘consistent results. You might wish to place a piece of sticky tape

’ \_ on the outside df the funnel to mark this level. .
S 3. The rate of flow of water will decrease as the water lével
* becomes lower. To minimize this effect, use a large funne! and
" ' small diameter glass tubing. = .
' ‘ 4. To get rid of air bubbles that may form in the glass
- tubing, fill the funnel above the sticky tape and let the water run
. , through the tubing until the marked level is reached. -
. 5. If the dots recorded by the tape timer are too ciose to be
counted easily, pull the tape through more quickly to spread the
\_dots out, or charige the frequency of the timer if possible. Y,

,Graphpmdicmﬁﬂuunmol 6. Select a string length which appears on the calibration curve
25 cm will give period of 1.05 sec, +  but which was not determined ékperimentally. From the calibration
Measured time for 20 swings: 208  cyrye, predict the time intervals that are required for the various num-
104 i’é”??i";"n:,""”" therefor®  bers of swings at this particular length. Check these predictions exper-
.- ’ imentally using the $tring and swinging weight. P

3 ; ‘ Cor

" DATA )

~

L]

Number LENGTHS OF PENDULHM
or 10cm [15cm |30 cmlb0 cm ct)w cml -
Swings Time in seconds /
02 ]obli2]14 !
02 |0b|10 |16
o3[o49]/08]18
30 |42 |54 |18
.32 |90]54]80 )
S0 |40 |56 |82
04| 80114 |1b-0
b4 | 80|14 ]I5.
4| 80] UYllb-0
12-8]1b-0]|22.b] 310
128 {15-8] 224} 31-0
) 12-6 | I5-b] 224] 314
‘ SR & Pendulum period (The time for one swing)*
o O-H[O8[1.12]1.55]

e . 2 P
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g
4

OQmpmrmrms ™
CO—NDWE RO -

822289 &

SHEIBBEACICICI NN

Pandulum pariod Ceec)

O~ |n(d|o | =

$300404600000 00000000

o

-
(-]

VIS D I A B B A P |
O 1020 30 40 5% 60 . [
] Pendutum {ength (cm) ’ :

Pl

-k
)

-
N

\4
o ’

il




-

<

»

NAME:

ey

) . CLASS HOUR: ’
i -
¢ .
— .
. . \ .
. B. WATER CLOCK C . <
1] - ) ' -4 / ___
. - N
i ‘, - i i ' g 4
o, PROCEDURE APPARATUS PREPARATION
Yot

(TEVRTERRAITIN

-y

1 Makeawamrdockbymappmgsomerubbeftapeamunda
shonlengmofglasstubl\gandmsethngltmaﬁmnel as shown in
thenllustrabon.Cla‘npmeﬁmneltoasW\d Underthe;owerendot
thembmattnchashottlengthofmbbermbmgmmaclampor
paper clip. This will used to regulate the flow of water.

2. Place a cylinder below the rubbertubing.it is also a

goodnleatoweabeakertopmventwaterﬁorhaccodentallyspdhng
over the lab table. \ ;
- 3. lbmgastopwatd\.determmetﬁearn&nnmwatermats
mleasedwhenyoulmywrmgerandumprmndownomhetopof
the tubing after the time intervals given in the data chart. Run several
trials. At the end of each trial, be sure to replace the water in the
funnel so that the water starts at the same \eachtime.

<

1 funnel, top diameter 10 cm (or.
larger
1 piece glass tubmg, about 10 cm
{ong, with outside diameter to fit
into funne! base
1 piece rubber tubing, 5 cm long,
. with inside-diameter to fit snugly
over giass tubing
1 pinch clamp or papsr clip for
" rubber tubing
1 piece of rubber tape qr putty to
seal glass tubing in funnel
1 stop watch
1 graduated cylinder, 200 ml
1 beaker, large enough to hold
graduated cylinder
1 ringstand and clamp
sticky * tape (transparent or o~ .
paque)

.

’,

W




o - DATA-AND ANALYSIS

200} - : . Milliiiters of water collected
— 180} \Collecting time ~ lsec 3 sec 5 sec | 7sec
AN . N
Trial 1 - 20 T4 126 182
. - 2 .26 | 75 124 | 178
3 15 78 128 | 184
1 "4 . - . )
l N N
g | Average 20 7b 126 | 181 )
I T .
0O ‘ .
ol o+ r oy 1. Calculate the average amount of water collected in each time '
O1 2 345867 interval. Prepare a graph of amount of water collected vs. coIIectmb"

Cotlecting time (in sec) - time.

) ‘ 2. Using your graph, ptedict the amount of water that would be
2 | collected in 4 seconds. 102 ml

The graph shows a straight-line rela-  Try it and see if you were right.
tionship between the amount of wat-

er collectéd and the collecting time, . -
unlike the curved graph for the pen- :
dulum lenggl vs. period.

s 4

3. If your water clock collected 25 ‘milliliters of water, how much
time would that rep'resen;s iR seconds?
< "1 sec .
) . ®

Check your answer with a stop watch.

-

& . ,
" Ld
APPARATUS PREPARATION C. TAPE TIMER’ '
1 tape timer.» ! . -
batteries or low voltage ac (as = g - c e
specified by mariufacturer of ti- PROCEDURE

mer)
1 stop watch °
1 length of paper tape, about 5
meters IQng
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EXPERIMENT 6. TIMER CALIBRATION

NAME . CLASS HOUR

1. Clamp a tape timer to the laboratory table.

2. Pull a length of tape through the timer for three or four
seconds, using a stop watch to measure the time. As the tape goes
through, a vibrating clapper or a whirling chain makes a series of dots
on the tape.

3. Count the number of dots recorded on the tape, omitting the
first dot, "and enter on the data chart.

4. Repeat this several times, always omitting the first dot when
counting dots. .

]

DATA AND ANALYSIS

Trial 1 2.0 182
Trual 2 3.0 179 C
Trial 3 30 125
e [ 30 | 1A
)| Tl 30 178
e | 30 | 181
TOTAL (8.0 10714

Time interval between two successive dots ___‘/(';Osec

1. Find the total time and the total number of dots recorded for all
-~- - your trials. . .

2. From the totals, calculate the time interval in seconds that
, elapsed between every two successive dots recorded by the timer.

%

-

RELATED QUESTIONS AND ACTIVITIES

1. Suppose that the time interval of one second were’to be

+ defined as an interval on ofe of the clocks that you warked with

during this experiment. What is a main advantage of defining a
second in this manner? .

A main advantage is that materials for these timers are inexpensive and

readily available throughout the world.




What is a main disadvantage?
Timer is not precise and intervals are not identical,

N . 2. Which of the clocks that you calibrated during this experiment
would make the most reliable timer?

L — Probably the pendulum timer, provided it 1s always used in the same location

(so that the force of gravity 1s constant} and the pendulum s released from the

same position at the start of each new trial.
\ » .

‘.

3. How could each of these clocks be improved to be a more
reliable and practical’ timekeeper?

Pendulum timer: string as hght as possible, unstretchable, firmly fixed at top,

rigid support, mechanism to count swings, put in vacuum (no air resistance).
Water clock: automatically replace water to keep level constant, be able to

measure large volumes of water Tape timer: count dots and pull tape
automatically.

4. Construct an improved timer having some of the features
described in the previous question-and calibrate it in terms of
standard seconds. ‘

\ ‘ 5. No clocks are perfegt. Check one of your watches, clocks, or
other timers with short wave radio signals at 10.0 MHz and 20.0 MHz or
N / . official time signals given by the telephone company (check your

phone book for the telephone number in your area) over a twenty-
four—hour\period Record your results. '

Time (sec)
, TRIAL Timer 1 Standard Timer 2 |. Standard
) ! 1 ) .
- . -
Wy ° .
3
4
5
. 6
[ ]
- e
‘ l, l)
\V R
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EXPERIMENT o

-

NAME

RECORDING’ MOTION WITH STROBE PHOTOGRAPHS

~~

CLASS HOUR

LAB PARTNERS"

DATE

14

PURPOSE

A valuable technique for recording motion Is to photograph an object
using a multiple-exposure technique called strobe photography.
Several Images of an object, showing Its position at different instants
of time, are recorded on a single sheet of flim. If the time interval
between the exposures of the different Images Is known, and If the
scaling factor between distances In the photograph and actual
distances Is known, the motion of the object can be analyzed.
Although any camera may be used to ta!;gge the photograph, a Polarold
camera Is suggested because the photograph can be analyzed almost
immediately after exposure. This experiment wiil help you learn the
general principles of strobe photography and famiiiarize you with the
“particular Polaroid camera that is avallable.

There are three basic techniques for making multipie exposures of a
moving object. The first Is to open the camera shutter in a darkened
room and then liluminate the object with short flaghes of light spaced
at regular Intervals before closing the shutter. The second technique
Is to place a flasher, or blinky, on the object and photograph it In a
darkened room with the camera shutter open. The third technique is
to llluminate the object continuously and rotate a stroboscopic disc in
front of the camera lens with the shutter open. Radlal slits In the
rotating disc expose the fiim for a short Interval of time s each of the
slits In turn moves across the front of the camera. Use all the
techniques for which equipment Is avallable.

Adjusting the Camera
"1. Load the camera with 3000-speed black and v;hite Polaroid
film. "~
2. Mount the camera on a tripod and adjust the height so that the
camera is about level with the object being photographed.
3, Attach a cable release to the camera so that the shutter may be
operated without jarring the camera.

4. Point the camera 50 that the plane of the film is parallel to the
path of the object being photographed.

<

5. Look through the viewfinder and adjust the distance between '

the object and the camera so that the complete event may be

recorded on the film. Adjust the lens for the best focus with the object

in the center of the field of view. To photograph an object moving
’ 4. = )3

227

oL

Polariod film i1s expensive and costs
can be prohibitive if students are
allowed to experiment individually
‘with cameras and accessories. To
reduce these costs somewhat, 1t is
suggested that students be required
to work 1n pairs. After each snapshot,
one student can then analyze the
positive print and the other the paper
negative.

To project a Polaroid stobe photo-
graph, punch small pinholes through
the print at key positions of interest.
When the print 1s placed on an
overhead projector, these points will
appear as bright spots on the screen
or blackboard, and the distances
between them can be easily meas-
ured by a student with an ordinary
meter stick.

In addition to the techniques de-
scribed in this experiment, there is a
new technique which has possible
merit. An inexpensive modulator 1S
now avarlable which can be attached
to your helium-neon laser. With one
of these units, the laser can be made
to flash on and off at known rates
from zero to 100 kilohertz. The hight
from the laser 1s bright and if the
laser is low powered, it is perfectly
safe. These devices are available
from screntific SITppIy companies and
from manufacturers of educational
laser equipment




- . -

( SUGGESTIONS AND TECHNIQUES- \ -

1. (For electric-eye Polaroid cameras.) When using 3000-
speed black-and-white film, set the film selector on the camera
at 3000 for xenon strobe photos but at 75 for blinky orgptating—
disc photos. The lens opens much wider at the 75 sefting and
lets in more light.

. . 2. (For older, non-electric-eye Polaroid cameras.) If the

) camera has shutter numbers from 1 to 8, the lens is wide open
for settings 1 through 4. The lens opening decreases in steps for ¢
settings 5 to 8. If the camera has EV numbers from 10 to 17, the
lens is wide open for settings 10 through 13, and the opening
decreaseg in steps for settings 14 to 17. The larger the openmg.
}he more light fails on the film.

3. (For oider, non-electric-eye Polaroid cameras.) The
exposure knob must be reset at “B” after every exposure, as it”
automatically returns to the “I” setting.

4. The xenon strobe should not be aimed toward the dark
background, or it will cause annoying reflections. Try placing it
so that it shines along the path of the bulidozer. .

5. The uncovered slots on the strobe disc must be equally
spaced or the exposures will not be equal time intervals apart~”

. 6. There is no advantage to keeping the shutter open after
. the object has moved out of the camera’s range. You will merely
expose the background longer and reduce the contrast between

Q and the object. J

through a distance of 1.0 meter, a Polaroid camera would have to be
- about 1.4 meters away.

- E 6. If yourcamera has an electric eye, cover it. If your camera is an
older model with no electric eye, set the exposure knob in front of the -
camera at the “B” position. With the electric eye covered or the knob
set at “B,” the shutter will remain open as long as the plunger of the
cable release is held. The shutter willclose when the plunger is - .-
released.

et

A. XENON STROBE LIGHT
( PROCEDURE
Strobe Iamp/ =

28 L 4

o
[ 3]




EXPERIMENT 7. RECORDING MOTION WITH STROBE PHOTQGﬁAPHS

¥

¢

-NAME . . - CLASS HOUR

‘ ) =~

ld

. 1. Place a toy bulldozer on a laboratory table. Arrange a dark T e ,
' background, such.as a black clath screen, behind the bulidozer. Tk

"2 o npoint the position of the bulldozer as it moves across the
table, pastq a small square of aluminum foil near the top of the
bulldozer fdr a marker and place a meter stick on the table along the ;
path of travel. '

3. Using a xenon strobe light, adjust the flash for the lowest ) !
repetition, rate that is available. In a darkened room, practice several ‘
dry runs, until the techniques have been perfected. ‘

. 4. Expose a film under stroboscopic light, recording the photo-
graphic conditions in the following chart. If the film is over- or under-
exposed, try another, using different exposure conditions (see
Suggestions and Techniques). This chart will be quite valuable for
future reference. : . /

DATA
Camera Model No.__________ Film speed Date .
Strobe Model No ’
. - , Distanke from Film selector or Quality of F
Fiash rate camerg Ao object shutter number exposure ,
= [
4
B. BLINKY
f N PROCEDURE

ERIC / 29 a2 /




«
Place a blinky (neon or incandescent flasher) on fop of a bulldozer
and photograph it against a dark background with a Polaroid camera

"as it travels across the top of a table for a distance of 1 meterin adark

room. Use a small incandescent lamp.to provide just enough
illumination to make the meter stick clearly visible in the photograph.
Record the conditions in the following chart. If the film is over- or
under-exposed, try another, using different exposuré conditions (see,
Suggestions and Techniques).

. DATA {
Camera Model No.________ Film speed Date :
3
Distance from Film selector or Quality of
‘Flash rate camera to object shutter number exposure

L\

C. ROTATING. STROBE DISC - .

PROCEDURE

Pl

Dark back d
Toy bulidozer r gr?un

-

Motor operated
strobe disc

!
!
|
|

Mount a motor-operated strobe disc in front of a Polaroid camera,
following the instructions given by the manufacturer. Close all of the
slits in the disc except one, by covering them with tape. As the disc
rotates at constant speed (given the manufacturer’s instructions) the
film will be exposed for one small time interval during each revolution.

%37
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EXPERIMENT 7. RECORDING MOTION WITH STROBE PHOTOGRAPHS

NAME

CLASS HOUR

Thus, if the motor is turning the disc at a speed of 300 revolutions per
minute, the disc will rotate 5 times per second and the exposures will
be 1/5 second apart. If ‘two slits at opposite ends of the disc are
uncovered, the film.will be exposed twice during each revolution,
making the exposures 1/10 second apart. As additional slits aré
uncovered, the interval between exposures will be 'decreased
accordingly. Connect a flashlight bulb to a dry cﬁl and place themon
top of a toy bulidozer with the light burning continuously. Using the
rotating strobe disc, photograptr the moving bulidozer against a dark
background. Record the photographic conditions in the following
chart. If the film is over- or under-exposed try another, using different
exposure conditions (see Suggestions and Techniques).

4

» /
DATA N
Camera Model No. Motor speed Film speed
Exposure Distance from Film selector or Quality of
_interval camera to object shutter number exposure N
L] T
-~
< ~ -
‘ —
*
1 Z
3 N -
f/
. - .
<
[ 4
i 4
¢ - s 2
‘ el
< - -
- l‘, - * ‘J
N 72




EXPERIMENTe  STRAIGHT-LINE MOTION AT CONSTANT SPEED

v ‘ 1

¢y NAME: CLASS HOUR

‘ \ ] LAB PARTNERS: ] DATE,

{

PURPOSE

In this experiment, the position of a bulldozer moving in a straightline This eiperimenl works best with the"
Is measured at various timés, to determine the bulldozer's speed.  students working in groups of three:
one operating the bulldozer, one

- keeping the time, and the third re-

PROCEDURE : cording the data. Toy bulldozers are

suggested because they are readily

available from suppliers of Project

’ - - Physics apparatus, but almost_any
_,/\ Starting line, . battery-operated “toy will do if it

travels slowly enough to be timed for
Toy biifidozer - 30 seconds. i ‘

APPARATUS PREPARATION ~
1 battery-operated toy bulldozer
1 meter stick or tape measure
1 stop watch or wrist watch with

- ’ _ Tape measure sweep second hand *

.....
— .... o,
4 .,..

.... >
....
. .'...Q

1. Allow atoy bulldozer to travel across a lable top or the floor tor
a dlstance of 3 or4 meters in a test run. . .

. 2. Placea tape measure or series of meter sticks along the path of R
travel. Start the -bulldozer a few centimeters before the starting line." - - ¢

,.When the bulldozer reaches the starting line, start keeping track of
the time with a stop watch or sweep'.second hand. . o

- ) ) 3. Five seconds after the bulldozer crosses the startmg line, - .
' record its .position. Without stopping the bulldozer, repeat this )
K procedure at 5-second intervals. Enter all of the ‘data in the first . &

. column of the data chart. - - — , '

.

4. Reduce the speed of the bulldozer by forcing it to drag a ioad
-behind as it travels. Following ‘the procedure above, record the
T position of the bulldozer at the end of each 5-second interval-in the
" second column of the data chart. - ]
- 5. Add heavier weéights behind the bulldozer.to reduce its s%eed
' further, and record position: and time data in the remaining columris of
o the data chart < :

R < \’l'
RIC -7 e
‘,4 \.(‘ > - T

~




, \ .. B \
' | SUGGESTIONS AND TECHNIQUES _

1. Before recording any data, .it is a'good idea to make
. several {nal rins to become familigr with the- apparatus

2. U e fresh batteries in the bulldozer to ensure that it will
. operate when dragging heavjer loads. \

| N - DATA AND ANALYSIS T (
) E L , ‘ 'Pésiti&? in om (x /
500 2 - ‘_ ' ) ) Tn}al
k' . el 2 {3 a|s 6|7 |8 o]0 .
o o |0jolololo )
P N I 75150 |44 |52| 97
: 10, |HO[133|I17|100| 97 | N P
o] 15 hsfwsoee[epie]. [ [ ]
- e Tosemmledlm] ]
. 25 (312|335 2bb|257 (220
°6 5 10 15 20 25 30 30 483\3%0|38(2%| 267 | V
) Time (sac) v < 4
i emisee vav| 15 113 (12 [20(29] | | 5
< 3 h

- _ . - ,_Ljnmacnmm%:e the gverage speed, MangLdlvxdlngjhe___ R

total change in positiomDy the total time interval that elapsed t. . .

2. Use the data for the first trial to plot a graph of position vs.
time. . -

~ 3. On the same piece of graph paper, plota graph of position vs,
time for each of the other'trials you ran. Label each graph line with the
number of the associated trial. =

4. The shape of a position vs.-tim graph for motion'at constant
speed is a straight line. Do your ‘graphys have this shape?

Yes. (But kot all points lie exactly on the/lines.)

5. How does the steepness of the graph line change as the speed
of the bulldozer is decreased? : .

The graph becomas less steep as the spead of the bulldozer is decreased..

w7




EXPERIMENT 8. STRAIGHT LINE MOTION AT CONSTANT SPEE %

. < -

) NAME : . . CLASS HOUR o~

) . e ; ' 3 L/
6. For one of the trials, calculate the change m posmon during ) (
each 5-second interval. .

T

Time (i) Position (X)

interval ) Change in
fsec) (C".‘) (sec) position™ ,
0. O - ® |  m (s

_— 5 ‘52_ 05 . 52— | ' .
- 10 100 5-10 48 oo
15 |49 10-15 Lo -

o L0 - 201 1520 ) ’55 - , . °

25 257 20-25 | 56 ' ‘. k
30 - 2Q7 25-30 25 ) o

o

Dées the position change by the same amount In équal time intervals?
-What does thss téll you about the speed?

The position d/d not change by exactly the same amount A equal time Ask students who get consistently
. good results—that is, equal changes
' intervals. -This shoWs that the speed was not constant, but fluctuated in position—to show the rest of the
- 7 < 5 7 class their techniques.

somewhat.

/ B

/e © ‘“r A

; o RELATED-QUESTIONS AND ACTIVITIES - '

' - 1. Why is it wise to have thrée.orpore pairs of positian and time $ . -
values before drawing a graph for motigna at constant speed? . '

It 1s impossible to tell if the distance-time graph is a straight or curved line ~ - T

unless.at least three points are pjgnted. A straight line indicates fairly copstant

~

spegd but a curved line sbgﬁsts that the speeg was varying." 5 V.

s

+3,
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2. If'you made Polaroid photographs of a mdving buildpzer in
Experiment 7 analyze them to find the speed of the bulldozer.™

+ 3. An automatic posutlon vs. time graph may be made by using 2
bulldozers. The first bulldozer pulls a wide strip of paper acrbss the .
top of the table while the.second bulldozer pulls a felt tip pen at right -
angles to the paper. The pen can be held upright by sticking it ina

" block of Styrofoam or other lightweight material as shown in the'

4

diagran below. , : .

1, {Bulldozer pulls felt-tip
pen in Styrofoam block .

Bulldozer-pulls

paper strip Guide rail

N
o
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EXPER‘MENTO CONSTANT ACCELERATION USING A WATER CLOCK

LAB PARTNERS: . <

DATE:

PURPOSE o

€ This experiment provides a challenge for you to obtain meanlngful

Kad
i

data of accelerated motion using very slmple apparatus that was
avallable over 400 years ago. <

PROCEDURE

GALILEO’S APPARATUS

Steel ball

' : - . A -
Using the apparatus shown, tilt a board about 159 with the

n
4 -
-
4 -
s

horizontal. Start a steel ball from rest 15 centimeters above the barrier *

at the bottom of board. At the‘instant the ball is released; start the
water clock; stop the clock the instant the ball hits the barrier. Repeat
this sevefal times, recording the quantity of water that atcumulates

* during each trjal. Using the same incline, increase the distarice that

the ball rolls to 30 centlmeters and record the amount of water that
accumulates for each of several trials at this dlstaﬁce Repeat this
procedure several more times, increasing the distance that.the ball
rolls m steps of 15 centimeters. Using this technique, the principle
charactenstlcs of accelerated motion will be observed, but the time
will be given in milliliters of water insteadof the more familiar uruts of,

seconds, v ¢

It is recommended that students
work in groups of two or thres. If
possible, several types of apparatus _
should be set up in the laboratory -
with provision made for students to
complete expegments at home if
they find that more time is needgd for .
a particular set of measurements.

L] =

APPARATUS PREPARATION
1 board,at least 1 meter long, with
a channel to roll ball down
. 1 steel ball, 2to 3¢m in dlameter
or equivalent .
1 water clock (see Experiment 6,
__ Part B, for construction details) -

€
-

-

-

¢ ¢

-y

Y
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SUGGESTIONS. AND TECHNIQUES

" 1. Practice releasing the ball with one hand while starting
the water clock simultapeously with the other.

2. Refer back to Experiment 6 for additional instructions on,
using a water clogk.

¥

~

’

DATA AND ANALYSIS

i}

\ .

;/smvcs (em) < N me <
o e e D's‘sance (miuim:goftwater) A:?::e
A ‘ in cm Trél 1| Trial2+ | Trial3 | Trial 4 t iy 1)
— Lot e e e -
— e o 5 |4 |17 13 |15 15 | 225
L I .‘“ ST 30 1 25 2b | 25 | 24 »25| 025
wreS o L as e | 32 L30T} at | 31 | qul
%o w0 100 100 2;50]‘&\;93 H4o |4 |39 | 4l | HO |iboo
o f,ms,squEEb_@EcI?)_ % 715) L/bi L«f?) 44 _ ’*/6 "’4 1Q3b .

&

1. When. several trials Have been completed, calculate the

average ti av {in mijfiters of water) for each distance and enter
these values in the data chart. .

2. For each distance, calcul’ayt%;;the square ot the average time
and enter these -calculations in f{&data chart.

3. The diste}nce covered by an object uniformly gccelerated from
rest is given by the relationship; s= % at2. Thus, if a graph of s vs t2is
plotted, it should result in a perfectly straight line. Make a careful
graph with-time (in ml of water)? on the x axis and displacement (in
cm) on the y axis. Braw the best straight line between the points and
see how close your points come to this line.

* *"*When your data is entered in the computer, it will compute the
best straight line between the data points by the least squares method
and will indigate how closely the data follows theoretical results.

»
*

o

#Cu
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EXPERIMENT e  ACCELERATION OF A SPINNING DISC

CLASS HOUR

LAB PARTNERS. i

DATE

PURPOSE *

In free fall, objects move to¢5 fast to observe details of their motions. In
this experiment, most of the gravitational energy Is taken up by the
spinning of a disc so its motion down a slope can be readily observed.

1 4

PROCEDURE"

Wooden block and
rubber band

Spinnin\g disc
LY
Meter sticks

Arrange a disc between two mete sticks as shown. Allow the disc
to rollgdcwnhlll between the meter sticks for a distance of 15
centimeters. With a timer record the time from the instant the disc was
released until it has traveled the required distance. Repeat this several
times to Be sure that the data are consistent. Then increase the
distance that the disc rolls in steps of 15 centimeters, running several
trials for each djstance. Record all the time and distance data in the

data chart *

f

SUGGESTIONS AND TFCHNIQUES
/ "

1. Practice releasing the disc so it starts from rest without
" any initial motion. : '
2. Watch out for any in‘pping that might take place when the
disc spins fast. Disregard any trials where slipping is observed.
3. Disregard any trials where the disc rubs against the meter
Qticks at its sides.

Students may find that some of the
apparatus doss not ‘work well” be-
cause of excesSive friction or slip-
page, and the acceleration data will
Be anything but uniform. For exam-
ple, the spinning disc will probably

tart slipping along the top of the
meter sticks as its speed increases,
giving somg weird data. Encourage
the students to recognize these sour-
ces of error and see if they can
improve the apparatus to obtain bet-
ter, data. Given encouragement, they
will "invent” improvements such as
covering the top surface of the meter
sticks with masking or friction tape to
increase friction between it and the
spinning disc.

APPARATUS PREPARATION

1 circular disc, 10, to 15 cm in
diameter, with an axle firmly fixed in
the center so that it will rotate with
the disc. Disc may be made of wood,
fiberboard, or metal or may even be a
rubber wheel.

2 mater sticks to act as ap incTin®:
Masking or friction tape stuck
along the upper surface will

- prevent slippage of the disc.

2 blocks of wood, approximately
5 cm by 5 c¢m (or slightly larger
than the thickness of the disc)

2’ rubber bands (to hold apparatus
tdgether at the upper and the
lower ends)
ringstand and clamp, or other
support {to hold the meter sticks
in a tilted position)
stop watch or a clock with a
sweep second hand
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Distance Time t { uz sec) | Average Acceleration
s : ¢ time . a=2s

in cm |Trial 1] Trial 2|Trial 3|Trial 4 t t2 t2

5 |4.8|52|52|50| 50 || 12

© 68 |74|72|70| 7\ |0| -2

% 184190|88|90|88 || I

60 [10-0(10-2|100[10.0[10-0 |oo| |.2.

i

RELATED QUESTIONS AND ACTIVITIES -

1. Calculate the average time (t av) it took for the disc to cover
each of the preset distances down the slope. Enter these data in the
chart.

2 Calculate the square of the average time (t?) for each tnal.
Enter these values in the data chart and plot a graph of distance vs
average time squared.

» 3. Compare your graph with a theoretical curve for constant
acceleration (a straight line). Repeat one of the trials and observe the
motion of the disc carefully to note any motions of the disc that might
~account for deviations from the theoretical *

"**If you have a computer prograrhmed for this experiment. use it to
help in_your analysis of the data.

4. The acceleration of an object stamng from rest should follow
the -rgJationship: a = 2s7t? if the acceleration is uniform. Using this
relationship, calculate the acceleration for each of the distances tried
and enter the ngults in the last calumn of the data chart. If the
dccelerations are not exactly equal in each case, -account for the
variations by closely observing a few more trials of your apparatus.
How do you account for the variations?

Most vanations encountered in this experiment are due to inconsistent

releases and shding of discs along the meter sticks.
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NAME

ACCELERATION USING A LINEAR AIR TRACK

-

CLASS HOUR

LAB PARTNERS

DATE

PURPOSE

Using the aimost frictionless linear air track, many of the errors asso-
clated with conventlonal apparatus are ellml_nated and results
approaching the theoretical values can be obtained.

\{
N PROCEDURE '

LINEAR AIR TRACK ’ !

-~

1. Test the air track to be sure that it is perfectly level. When the
track is level, a glider will remain almost motionless when it is placed
on any portion of the track. If necessary, ask your instructor for help
in leveling the track.

2. Raise one end of the track a very small amount so the glider
starts to move slowly downbhill when it is released from rest. Measure
the angle of tilt and record it for trial 1 in the data chart.

3. Using a stop watch or a photogate and electronic timer,
measure the time required for the glider to slide down the air track for
a distance of 15 centimeters from rest. Check this value for
consistency by repeating the prdcedure a few times. When you are
confident that the measurement is repeatable, enter the time in the
data«chart.

4. Repeat this for several additional trials ihcreasing the distance ’

in steps of 15 centimeters. Record these data for trial 1 in the data
chart. !

A7

APPARATUS PREPARATION
1 linear air track with air supply

and ghder
1 metdr stick (if air track 1s uncal-
ibrated} s
1 stop watch or a clock with sweep
second 1hand
PROCEDURE

Using stop watghes, which are usu-’

ally reliable to the nearest tenth of a
second, produces results which are
within 5 to 10 percent of theoretical
values. With photocell gates to start
and stop a digital timer errors are
reduced to less than 2%.

« il

A\ 7}
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" SUGGESTIONS AND TECHNIQUES :

1. Adjust the air track for the minimum flow of air that will
support the glider.

2. Many air tracks have calibrated screws at the base to
facilitate measuring the angle of tilt. If necessary, check with
your instructor to see how to make tilt adjustments and
measurements.

3. Shut off the air blower whenever the track is not being
used. This will help to prevent overheating of the motor and -
kreduce ambient noise levels. - /

'S
DATA AND ANALYSIS
a
: : : : Distance Time t (in sec) Average
Di%ta??ce. (cm% ) d time
Kiad inCM |\ That 1 | Tnal 2 | Trial 3 | Trial 4 t t2

ol |1 [ s |15 |14 |20
L 0 |20 2.1 | 20| 21 |20 |40 .
L | s 25| 20]25|25]125]63
CTink sqhred: © |28]29]28[28 2878
. 5 132]33]33|32(327|102
2 | 4 |/3-8 [ 138 | 176 _ BN
« | 154|154 | 154154
3¢ 1.90°1.90° | .90° | "90° S
wEror| 5 29]1047%] 1047] 5.2%

<

1. Determine if the acceleration is uniform for each trial by
constructing a graph of s vs t2 If the graph line is not perfectly
straight, check the apparatus for any obstructions in the air flow or
irreqularities in the air track or glider. Account for any variations from

pos a straight-line graph. i
Almost all points lie on a straight line. P




EXPERIMENT 11. ACCELERATION USING A LINEAR AIR TR‘ACK

NAME CLASS HOUR

2. For each trial, caiculate the acceleration from rest using the re-
lationship a = 2s/t?, where: sis the 75 cm distance on yQqur data table N
and t is the time for the glider to travel this distance from rest. Enter
the calculated accelerations in the data chart. a(c) = .

3. Theoretically, the acceleration of an object sliding without
friction down a constant slope is given by the relationship a = g sin A
where: g i1s the accelerat;on of gravity (980 cm/sec) and A 1s the angie
of the slope measured in degrees, with respect to the horizontal.
Calculate the theoretical acceleration for each trial and enter the
values in the data chart. a(t) =

4. Calculate the percentage error by subtracting /the calculated

and theoretical values for the acceleration, dividing by thé theoretical

* value and muitiplying the dividend by 100% Enter the percentage
errors values in.the bottom row of the data chart

.

" * ACTIVITIES AND RELA‘I’ED QUESTIONS

1. Wind resistance increases w:th velocity. Do an expéinent to v
show this using an air ‘track, electronic timer and a modified ghder of
your own design. Organize your data in tabular form and append your
results and conclusions to this lab report

2. Predict the acceleration of a glider on the air track at any angle
of slope that you have not yet tried using the relationship a = g sin A o
Then actually measure the acceleration of a ghder down this slope
and compute the percent error. '
20
Angle A = -~

Acceleration that | pred;ct s D& 34, /A cm/sec.
" Acceleration found experimentally is _13_ cm/sec
} My % error is _Zﬁ_%,

0




EXPERIMENT e  PENDULUM

- NAME

CLASS HOUR
/,J/,'::,:. ey, /
\ =) LAB PARTNERS DATE
3 -
/
PURPOSE e = ‘

Objects In free fall accelerate towards the center of the earth under
the Influence of the arth’s gravitational force. In this experiment you
_wiil measure this acceleration by observing the movements of a
simple pendulum,

The time 1t takes a simple pendulum to make a complete swing (back
and forth) 1s called its period (7). If the pendulum is allowed to swing
through a small angle, the period is given by the equation

T=2nm ﬁ' ‘
g

~ N
whgre: L 1s the length of the pendulum measured
- from the point of suspension of the

string te the center of the pendulum bob

g is the acceleration due to 'gravity

If you know L and' T, you can determine g by rearranging the above
equation. g \ :

arL

9= —

When L is in meters and T is in seconds, g will be in m/sec?

™ 'PROCEDURE

The simple pendulum method of
determining the acceleration of grav-
M is easily done by students working
In pairs or as individuals. To save
time, if a student has already re-
corded data using the pendulum as a
timer (Experiment 6, Part A}, he or
she may use that data to do the
calculations as a homework assign-
ment, and the lab time can be used
for the swinging meter stick method.

APPARATUS PREPARATION
1 drilled steel ball, 2cm to 3cmin
diameter
1 string, about 75 cm long
1 support to hold pendulum
1 stop watch

‘!,I?



f SUGGESTIONS AND TECHNIQUES )

1. Ifa rin'g stand is used to support the pendulum, be sure to
clamp the base of the ring stand so that it will'not vibrate as the
pendulum swings.

2. Do all calculations in the laboratory with the équipment
readily available so that any unusual results can be immediately
4 rechecked. Using a calculator will save a great deal of time in
making calculations.

3. You may wish to write down the value of the constant 47°
QYOU don’t have to calculate it each time. ‘ /

1. Suspend a steel ball from a ring stand by a string so that the
distance from the point of suspension to the center of the ball is 0.5
meter.

2. Displace the ball about 10 cm to the side apd allow the ball to
swing freely. <

3. Observe one complete swing of the pendutum. Notice how the
speed increases, then comes to rest as the penduium moves away and
then repgats this on the way back to the starting point.

4. Measure the time for 20 complete swings and divide by 20 to
find the period of the pendulum (T) in seconds. Enter these values in
the chart below.

5. Lengthen or shorten the pendulum string and repeat the above
steps for as many trials as time permits. Calculate the value of g for
each set of values Liand T. In each case calculate your percentage
. error by finding the difference between your experimental value and
the standard value, 9.8 meters/sec?; dividing this difference by the
standard value; and multiplying by 100%.

Pendulum| Time for | Period | 9 =4 m*L E
TRIAL length {L)]20 swings| - (T) T? Percent
(meters) t (sec) (sec) (m/sec?) error
1 1010 |12.8 | 04 a.7 1.0%

> | 0.5 T:0 | 080 9.3 5.3%
31030 |26 113 4.3 5.37
s |ow0 | 3to | 155 | 9.9 | Lo

46 ’
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EXPERIMENT 12. PENDULUM ‘ \..

NAME" . CLASS HOUR

RELATED QUESTIONS AND ACTIVITIES

1. Friction at the point of suspension and air resistance will tend
- to increase the period of the pendulum over that of the tpepretical
valug. Would this tend to make the experimental value for g too high

or too low? .

Too low.

2. Simulate a strpnger gravitational force by placing a strong
magnet a few centimeters below the center of the steel ball so that as
the ball swings, it is pulled both by the earth’s gravity and tlie magnet.
How does Lhis affect the period of the pendulum? )

ed

The period becomes less. .

How would it affect theé experimental value of g?

The value of g would increase. : ~o

-
3. The original instructions, require you to displace the pendulum . E
about 10 cm to the side for each tnal Devise an experiment to see
what happens to the period of the pendulum as the initial amount of
displacement is increased or decreased from this value. Record your
results below. )
At large displacement angles there is a noticeable decrease in the pendulum

period:

¢
n
(S

ERIC a
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ACCELERATION OF FREE FALL

N

NAME"

CLASS HOUR.

LAB PARTNERS:
. E4

DATE. =

PURPOSE

A freely falling body gains speed too quickly to observe its motion
without precise timing apparatus. In this experiment, a pendulum,
consisting of a swinging meter stick, permits accurate timing to the

nearest one-hundredth second. ) ) .

" PROCEDURE

Dowel stick v

Drilled steel or
brass ball

AN
~

. /Mete‘r stick

>

R

Figure B
\

4

Figure A

kY

1. Suspend a meter stick frém the lower of two nails: in a
wooden dowel stick, as shown in Figure A

2. Dlsplace the bottom ‘of the meter stlck approxumately~20 cm
from the vemcal With a watch measure the time it takes for the meter
stick to stng back and forth 10 times. Calculate the period of the

meter’ stick (t»me fpr one complete swing back and forth) and enter "

this in the ¥ata chart.

3, Using a string approximately 210 centlmeters iong, connect
one end‘t the bottom of the meter stick and attach the otherend to a
drilled. steel or brass ball: Lopp the string over the upper nail.

4. Adjust the suspension so the ball barely touches the zero mark
on the meter stick (Figure B). ». ]

5. Check the alignment of the apparatus by slowly lowering the
ball along thé meter stick. It should just graze the stick all the way
down. “ C r-

7 1
’

APPARATUS PREPARATION

1 ringstand and table clamp to.
hold base of ringstand steady

1 dowel stick, 2cm by 5 cm, with
two nails about 4 cm apart pro-
truding At least 3 cm = S———

s 1 swivel ctamp to fasten block to
‘ ringstand

1 meter stick with two eyescrews.

+ inserted into one end. If end of
meter stick has brass cap, drill"
small pilot holes in"end of cap to
admit screws.

1 piece of carbon paper, approx. 3
cm by 20 cm

1 length of string, approx 25met-
ers long

1 drilled steel or brass baII

1 stop watch or watch with swgep

" second hand

The meter stick\and"ball apparatus
can he operated with a bit of practice
by students working in pairs. The
swinging meter stick acts both as a
distance-measuring device and as a
timer with a precision of £ 0.01 sec.
Onte the students have mastered the
ball .releasing and alignmgnt tech-
niques, this inexpensive apparatus is
capable of measuring the: accelera-
tion of gravity with an error less than
2%.




P The mass of a simple pendulum is concentrated in the bob,

* R ’ N i 4
v
B ] - .
¢

&
-

( SUGGESTIONS AND TECHNIQUES o )
. . If aring stand is used.to suspend the apparatus, be sure

to clamp the base of the ring stand to the Jaboratory table to
prevent it from wobbling.

2. Do not attempt to calculate the period of the'swinging
meter stick using the_simple-pendulum equation

Y R .

whereas the mass of the meter stick is spread over its. entire

6. Hold the string wuth the center of the ball at the zero mark of

"the meter stick and the bottom of the stick displaced about 20 cm

. from the vertical. Wlth the apparatus in this position, releasing the

string will snmuTtaneoust release the ball and start the meter stick
swinging. The instant that the meter stick reaches its vertical position,
the ball and the stick will collide. The interval between the time of
release and the time of collision will be exactly one quarter the period
of the meter stick. The distahce that the ball fell is measured fromthe

_top of the meter stick to the point of collision.

-

7. During a trial run, determine the approximate point of colliston
between the ball and the meter stick. At this location fape a strip of

white paper to the meter stick and cover it with a strip of carbon _-

paper, placing the carbon side against the white paper. When the
experiment is repeated, the ball will leave a marlg on the white paper
where it collides \gith the™meter stick. !

8. Using the equation

2
g=t2
‘\/

calcuiate the acceleratuon of gravity for several trlals as well as the
‘percentage error in each case.

- o DATA -

TRIAL
' - 1 21 .3

o

Time for 10 meter 1§tu_ck swings (seC) 104 |169. |16 |16 9

v

Period of mater stick (sec) T= Le411.69(1.66]1.69

Distance of faI’I, S (m) 8‘7 81‘3 85( 8?"‘

One-auanel Pl 1997 | 410| 422| 4i5|422

EETA ™ a7 olas]0o
Percent error £ = 30‘4 20'/.\,07.' Z‘OZ .

5‘1’/ ' T

P
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EXPERIMENT 13. ACCELERATION QF FREEFALL

s b .
[ . 12

NAME: . . . _—

>

RELATED QUESTIONS AND ACTIVITIES

s .
. R <
« a >
I

1. When the hall and the meter stme, the mark left on the s
white paper is & vertical line approximat cm long, rather than a

dof. In measuring the dlstance that the bali fell, shouid you measureJ

to the xop of this line; the middle ot the bottom?

b 3 . '
To the top of the vértical line. . , -~

3 !

—

Reaso The /nmal contact between the ball and the meter st/ck should -

ocour when the stick.is at the vertical position. As the stick c_ontinues 4ts swing,
- <’ .
the ball slides, dawward along the carbon pagr - Iegving a sHort liné.

»

. ) a . . . ooty
2. Fasten a heavy clamp to the botton  the meter 'stick to add
mOF&JDaSS at its lower end. Predlct how th ., will.affect the period of .
the swinging meter“stlck . 4 .

-,

Most studepts predict that, the pe: od w:ll not change ‘
. - AT e o - . : 3

. - .o ¢

S‘ >
I
-~ N +

* Méasure the period and’lrecom your, results, -

The period incredses. - ' ’ 2. e « &
. . 2 ,vﬂ N .
- -

& . ' - -

,- ' * 9 ‘ - B - . . .
- - L4 > -

. . ’ R - A
N - » w

~

3. With a heavy clamp attached to the bottom of the m\eter stick,

repeat .the initial-procedure td.measure-the acceleration of gravity. —

Predict how this'will affect the value of g/that you will get. Try the
experiment .and compare your results with the predlcnons

Attaching a heavy clamp to the lower end of fhe meter stick does not affect *

the acceleration of the ball. The period of the meter stick will be a bit longer,
so the ball will falqlafor a longer time.before colliding with the stick, but it will

" also fall through a longer dlstanci'hese two eﬂects should cancel eagh
otherg .

— @ X T

E -

* 4. In th% equrxment we did not accomt for the fnctlon ot\ihe ’
cord against the upper support‘nor did we accaynt for the air.resis-~
tance as'the meter stick swings. Would these two errors add te-
gether to increase the total error or would they t'end to cancel each =~
other out? '

. . e .
The two errors would add together. % ¢ '

- L4

« . Air friction on the meter stick tends to increase the period of its swing, and
Reason. friction between the cord and the nail tands to decrease the distance ol fall -

<beforg CO/[ISIOn The combined eﬂects tend to give us a value of g less than

LB the standard 9:8 m/sec?.

* . - H
L)
DT . 51 .
.

\
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This proplem' of determining the
accelertion of gravity using a pfo-
nograph turntable and suspended
balls is too difficult for the  ayerage
Jhigh school student. It is presented
as a challenge for those few students
who are highly motivated® physics
and have a facility for handling sim-
ple algebra.

[y

s

The ball just above the turntable
touches the turntable at time zero

» The other ball hits 1t a time t later.

Since it falls from rest a distance s=
'29¥, then g = 2s/t% If the turntable 1s

rotating at 33 1/3 revolutions per -

minute, the time for one full revogk
tion is 1 8 sec If the apgular distance
- in degrees baetween the two carbon
marks is A, the turntable rotates, a
fraction A/360° of a circle while *%e
second ba[l is falling, so the time t 1s»
(1:8 sec) (A/360°). Therefore, gm
terms of A is

g = 2s/(1.8 sec)? (A/360°)? ’

LA

Turntable

t
La

5. If you enjoy math and wish to try an experiment a bit more
difficult than the others, suspend two balls over the same radius, R, of

_a phonograph turntable. One ball should be just above the turntable

and the other should be at a known distance above this level. While
the phonograph turntatle is rotting at a known speed, burn the
string between the two balls so they start falling simultaneously from
rest. The point of impact of each of the balls will be recorded by a

- mark made by a piéce of carbon paper over a sheet of white paper on

the turntable. Derive a formula which will give the acceleration of
gravity in terms of the angular distance, A, between the two marks on
the paper. Using the formula that you derived, set up the apparatus

and caiculate the acceleration of gravity frem the data you record.

g = 2s/(1.8 sec)? (A/360°) where A = angular distance in degrees,
S lmt/al dlstance of h/gher ball above table.

Formula

where A ='angular distance in degrees, s = initial distance of

%

A

’
Since this is an open-ended experimerit for the unusual

Results
studenl no sample data is given. However “students can be challenged.ta_
develop their, own refinements and see how™ elose they can get to the

cepted value of g by varying the heights of the balls and the rotation speed
of the«turr)table (Note that if the rotation speed is changed, the time for one
revolution will no longer b®1.8 sec; if one of the balls is not directly above the

turntable, the time interval between the two impacts becomes /2_s_ 1/9_ -

</ 282/9.

-

QJ/‘

]




_ EXPERIMENT e  MASS AND-WEIGHT ‘ S -

NAME M CLASS HOUR
! > - b ’ . ' -
\ LAB PARTNERS. - —~ DATE. .
= R
A b PURPOSE

b Every object has a mass that is related to the difficulty In.changlng its 1t is recommended that this experi-
motion. In this experiment, we shali measure the masg and weight of ment be done with the students

several objects and see how they are related. -working in pairs. Iqertial balances
. T s may be assembled with two blocks of

wood and two hacksaw blades or they
may be purchased inexpensively

v PROCEDURE s :
from scientific supply companies.

- . ~ \F
- : APPARATUS PREPARATION
. 1 inertial balance
“ -3 or 4 C clamps of mass roughly
100.g each
. 2. clamp to secure balance to table
N\ . spring scale tq waigh C clamps
- watch with sweep second hand
l .
¥ 1. Clamp an inertial balance to the edge of the laboratory table,
as shown in the dlagram . -
2, Displace the end of the Qalance to one sude and release it so
‘ that lt vibrates horizontally. Record the number of complete . .
' , vibrations (back and forth) during a 30-sec interval and calculate the
- . period of the balance (the time required for 1 complete vibration),
3 Increase the mass at the end of the bafance by attaching
several C clamps, one at a time, and record the number of complete See sample graph on néxt page.

vibrations during .a 30-sec interval as each clamp is attached. Any’

. objects may be used in place of C clamps provided that they can be
firmly attached to the end of the balance and their masses are
identical. The center of each object must be the same distance from o a
the end of the balance. Calculate the period of the balance for each

number of C clamps. J

4. Plot a graph of the period: of the balanc&vs the number of C ‘ _ ]
clamps,or other objects that were attached «Draw a smooth curve .
between the points. - - ) ' - -

ERIC - -~ s 5




h ] ‘| period of the balance may be calculated using a smaller interval

-

w v

P — 4 SUGGESTIONS AND TECHNIQUES 1
' 1. When the inertial balance is in rapid oscillation, it may

. help to hold a stiff piece of paper near the side of the balance so |,

e that a click is heard with each vibration. ' N
- ) . 2. Some _inertial balances have excessive frictibn and will
not sustain vibrations for 30 seconds. If this is the case, the

of tifme, although the precision will prqbably not'be as great.

.3. Counting the number of vibrations'in a set time interval,
rather than timing a set number of vibrations, minimizes the
error that can arise when miscountjng very rapid vibrations. For
rapid vibrations, the chancg_etlmiscounting is greater but so is
1| the total number of yibrations, so the percentage counting error
*+ | is about the same as for slow vibrations.

G | y

5. Remove the clamps and tape a stone pr another object of
unknown mass to the end of the balance. Operate the inertial balance
and determine its period with the object of unknown mass attached.

. . Find the point on your graph curve that corresponds to this value for

o.s?o B the period. The value for the number of C clamps associated with this

- , point tells you the mass of the ob’fect in units of C clamps.

o40r . 6. Weigh each of the C clamps on a spring scale. Find the
~ oo .. average weight'of a clamp. Calculate the weight %f{gtlglunknown by
§_0.30\ assuming that the weight is proportional to the-nass.
b -0 7. Weigh ‘the unknown on the spring scale. Determine the
3 Q?O g percentage error between the measuredsweight and the weight that
s was calculated using the inertial balance. .

owr . - . T :

; LS
T s A ) Coe
No of Cclomps DATA »
dil b jod of o . . .
Asicg;c:;’gdlso;gfrgéggzd: if 7'20 g Number of C clamps [Number of vibrations| Period ]
L~ clamps. Thus the unknown would be TRIAL | attached to inertial in 30 sec (sec)
1 “C” clamp wilhin experimental 7 balance ‘
error. ~
1 0 10b ‘ 0’28
2 1. qo 0.33

17

0-39

b¥% -

0-44

88

0-34

r
<

{2

54
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EXPERIMENT 14, MASS AND WEIGHT

- NAME ! , CLASS HOUR

-

1 2 3 4/ 5 6 |Average

Weight ofC1 1 90 {0-90]0-90 090

clamp (N)

Mass of unknown

(in number of _ 1 . 2_ C CLMPS .
J

» - ** C clamps) M=

Calculated weight of qwf 1 N

unknown (N) W {calc) =

S

Measured weight of

unknown (N) W (meas) = 0. geN
. Q

Percent error E = ZO A

- .

-

RELATED QUESTIONS AND ACTIVITIES
1" How is the period of the inertial balance affected as additional
magsses are attached to the end?
As additional masses aréfadded, the period of the balance increases. -

*

.

/

-
»

2. Predict the manner in which the period of the balance would

be affected if the balance were operated in a vertical rather than a
horizontal position. .

If the balance 1s clamped to a vertical support so that the edges are horfzontal
but the end vibrates up and down, the constant pull of gravity 1s in the same

directioh as the restoring force half the time and in the opposite direction the
rest of the time. The period should not be affected.

¥

4 Try it and record the results,
‘ & /n the horizontal position with one clamp attached, the period of oscillation
¢

was 0.33 sec. The period of vertical oscillation with one clamp attached was

o - identical, ‘ ) '
ERIC - -
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3. Predict how the period would be affected~f a strong magnet
were held beneath the platformmhile the balance was operated in its
normal horizontal position with one C clamp or other metal weight
attached. '

A strong magnet should decrease the period of oscillation because the

restoring force of the magnet is béing added to the restoring force of the

spring. ) . ) -

Try it and record your results.
With a strong alnico magnet held below the nertial balance and with one

-

clamp attached to the end, the period was reduced from 0.33 sec to 0.37 sec. "

6!, -

56
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EXPERIMENT ¢ NEWTON'S SECOND LAW

NAME -

CLASS HOUR

LAB PARTNERS —

DATE-

PURPOSE %

According to Newton’s laws of motion, the velocity of an object can
change only when a force Is acting on the object. In this experiment,
the relationships between the force that is applied, the mass of the
object, and the resulting acceleration will be experimentally estab-
lished.

R S

- + PROCEDURE

Bynamics cart

Milk container
and gravel

L. J

1. Place a dynamics cart on a smooth horizontal table and attach
a paper cup or milk container to 1t, as-shown in the diagram

2. To compensate for friction, prace just enough sand or gravel in
the milk container so that the dynamics cart will move at a constant
velocity once 1t is started. Using a good balance, measure the total
mass of the cart, milk container, and gravel and record in the data
chart. * -

3. Place two pieces of tape on thevtable to mark off a distancg of
50.0 cm ’ .
4. Apply an accelerating force of 0.05 N by adding 5.0 grams of
sand orgravel to the container and record the time it takes the cart to
travel between the pieces of tape, starting from rest.

]

~

Students working in groups of two or
three should be able to do bcé’par_ts
of this experiment during a Typical
laboratory session and- stll have
some time left for plotting graphs. in
every class, there will be some stu-
dents who are dissatisfied with their
results using a stop watch and a
dynamics cart. If there IS extra time, it
1s a good 1dea lo set up at least One
linear air track in the lab.

-~

o b o e

S

APPARATUS PREPARATION
1 pulley, clamped to table
1 dynamucs cart
1 stop walch
1'length of string, about 100 cm
long
2 pieces of masking tape, about 25
cm each, for indicating a starting |
and finishing line
milk container or paper cup for
holding sand or gravel (Or stan-
dard masses)
set of standard masses or 1 cup
of sand or gravel
centrally located triple beam bal-
ance for the entire class
2 bricks or masses of about 1
kilogram each for increasing
mass of cart

-

-

-

5. Calculate the acceleration of the cart, uiin\g the equation

a=2S
t?

87




Accalerotion (cm/ioac?)

See sample graph on this page.

¢

See sample graph on next Eage
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SUGGESTIONS AND TECHNIQUES

( 1. lf desired, known standard masses may be substi’ uted for
the milk container and sand and gravel. These small masses are
very expensive, however, and are not likely to improve the result
of this experiment.

2. To keep the mass of the system constant while deter-
mining the effect of increased accelerating forces, it is sug-/l'
gested that a container holding some sdnd or gravel be placed
on the cart. Transferring some of thisg'material from the cart to
the' suspended milk container will make it possible to increase
\ the accelerating force without changing the mass of the systery

. V-4
7 ~

6. Repeat the above procedure several more times, increasing
the accelerating force by 0.05N or0.10 N each time by adding sand to
the milk container.

7. Plot a graph of acceleration vs. forde. using your data.

8. With a constant accelerating force proviaed by the@fayel in
the milk container, vary the mass of the accelerating system (cart,
container, and gravel) by adding known masses, about 1 kilogram at a
time, strapped to the top of the cart. For each trial record the mass of

the system and the resulting acceleration. Make a graph showing how

the acceleration varies with increased mass.

DATA

t
Variation of Acceleration with Force {Constant Mass)

‘Distance moved, S = L cm

/00

Mass of cart, container, and gravel m =

Acceleration, a = 2s/t?
- (cm/sec?)

Force Time, t

TRIAL (N) (sec)

1 0.05 3.5 .

. | 040 5.7

s 1 020 3.0 [

« 1 0.30 e
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EXPERIMENT 15. NEWTON'S SECOND LAW

7

RELATED QUESTIONS AND SUGGESTED ACTIVITIES

1. According to the text book, the acceieration of an object is
directional proportional to the force that s applied. How does your
raph of acceleration vs force indicate this relationship?

The graph 1s not a straight line.

2 According to your tex} book, the accel¢ration is inversely pro-
portional to the mass of an object providing the accelerating force 1s
constant. How does your graph of acceleration vs. mass show this
relationship? .

The curved hine of the graph indicates an inverse relationship, but increasing

wheel friction as mora mass is added to the cart will cause variations from
theoretical expectations.

3. It is difficult to verify Newton's second law experimentally
using a dynamics cart because the applied force not only accelerates
the cart but also makes the wheels roll faster and faster. If your school
has a linear air track in which ‘a glider resting on a cushion of air
moves almost frictionlessly over a rigid metal track, repeat the above
experiment, recording your data and analysis on the reverse side of
this sheet.

A

NAME CLASS HOUR
-~ —~Varigtibrrof-Accelaration with-Mass (Constént Force} -
Distance moved, S = i)_cm Accelerating force F = M N
Mass of cart, container,Time, t | Acceleration, a = 2s/t?
TRIAL |gravel, and added mass| (sec) (cm/sec?) * -
] (9) S
ot
1 / L‘/OQ 20" 25 dast
. E
o S
2 | 2400 |40| ©73 5o
. : of
3 5t %
s | 34oo |80 |7 L AR
O 1000 2000 3000 4000

Mass (groms)

Systematic errors caused by friction
in the wheels, angular acceleration of
the wheels, and difficulty in timing
short intervals with a stop watch are
likely to cause variations from the
theoratical direct proportionality.

An air track with automatic timing
mechanisms (such as photocell
gates) will give results that are very
close to the theoretical relationships.
This apparatus 1s quite expensive,
however, and takes more time to set
up and operate than fs usually avail-
able in a typical lab session.




EXPERIMENTe TRAJECTORIES

~ ~

NAME. ' CLASS HOUR
- A —  LAB PARTNERS ' DATE
PURPOSE /
3 The path, or trajectory, of an object which Is moving horizontally as it It 1s recommended that this experi-
rises or falls freely Is a parabola. In this experiment the trajectory of a €7} b6 done with students working

n pﬁirs, gach student should gather
ball which rolls oft a ramp will be studled. . indwidual data with the help of his
partner The apparatus 1s available

from suppliers of Project Physics %

PROCEDURE - equipment and comes compilste with 3
plotting board, impact board, steel

ball, and channel incline.
Ball Carbon paper covered Impact
* by tracing paper d
¢ N T/ APPARATUS PREPARATION
— ~ ya 1 set of trajectory apparatus
: / 1 piece of carbon paper (2 cm by
Lo Ramp 20 ¢m) for each student '
. /’ : / 1 prece of tracing paper (same size
. I - *  as the carbon paper) for each .
. v ) student
° b9
Plotting board
v covered by / - ,
graph paper™~_| '
™~ i .
\1 ]
// 1 Ahgn a piece of graph paper so that the Iong edges are
i vertical, and rule a horizontal line near the top of the paper Starting at N
7 the left edge. rule a series of vertical lines 2 cm apart. - .
< 2. Adjust the slope of the ramp on.the trajectory apparatus so
that a ball will be ejected horizontally upon reaching the bottom Use
a carpenters level if one I available. .
2 3 Mount the graph paper on a plotting board, makmg sure that
the intersection of the first-vertical line anMihg horizontal ine on the
graph paper 1s aligned with the bottom of me ramp -
4. Allow the ball to roll down the ramp. and tall m front of the .
graph paper. Start the ball at different helghts along the ramp until
Q one I1s fwound which will cause the ball to land at the lower right hand .
ERIC ' . ‘ - )
3 . C s 61




*

/ SUGGESTIONS AND TECHNIQUES \

1. Practice releasing.the ball in exactly the same manner for
each trial. You will find that releases are more consistent if the
ball is held with a ruler instead df with the fingers prior to
release. s -

2. For improved data analysis, allow the ball to strike the
J impact board several times at each position. The differences in
) position of the impact points at each location can be measured
to give a quantitative indication of the error. -

3. Clamp the apparatus or hold it fignly to be sure that the
Qpact board does not move while it is being struck by the bfy

4

corner of the graph paper. Hold the ball on the ramp at this posit§'on
and tape a small block of wood to the.ramp at the top of the ball so
that the same position may be easily found for future releases.

5. Cover the face of the impact board with a strnp of carbon
paper, carbon side out, and then cover the carbon paper with a sheet
of transparent tracing paper. !

6. Place the impact board on the lab table so that,the tracing.
paper touches the Pottom of the ramp.

7. Roll a ball down the ramp and allow it to strike the impact
board and make a small mark on the tracing paper.

8. Adjust the graph paper on the plotting board so that the
intersection of the first vertical line and the horizontal line at the
upper left corner coincides with the mark on the impact board. Mark
the graph paper at this spot.

9. Move the impact board to the right until the teacing paper is
aligned with the second vertical line on the graph paper. Starting the
ball at the predetermined position on the ramp, allow the ball to roll

down and strike the impact board On the second vertical line of th '
graph paper, mark the height of the impact point. Roll the bal%

the ramp for several more trials, moving the impact board to each
the remaining vertical lines on the graph paper and mark the position
of impact for each location on the graph paper. :

10. With the impact board out of the way, allow the ball to roll
down the ramp and check that it passes each of the marked points
on the graph paper as it falls in front of the plotting board.

11. Rémove the graph paper from the plotting board and draw a
smooth curve connecting the points to show the trajectory.

DATA ANALYSIS

1. Remove the graph paper from the plotting board, and starting
from the' left, number the vertical ﬁ@ consecutively

2. On each of the vertical lines, nteasure the distance between
the level of release and point of impact to the nearest thousandth of a
meter and record these values on the chart tha'f follows.

62 -~
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EXPERIMENT 16. TRAJECTORIES

NAME"

P
<

CLASS HOUR.

3. Using the equation:

Sa.'n\plc Tra.j Cctory

Groph
S = hgt? @ k
- - . ’ > ¥
calculate the time of fall for each of the distances recorded in the )\%
chart. Enter these values in the next column of the chart. \
. 4. For each of the impact points on the graph paper, measure the IQ
horizontal distance that the ball has traveled after launching and
record these values on the data chart. Calculate the average
horizontal speed at which the ball traveled to reach each of the impact
points by dividing the horizontal distance by the tyme. Enter these ‘ -
values in the last column of the data chart. * \
Vertical Horizontal Averaée A
distance Time distance horizontal -
{m) (sec) (m) speed P
. S(v) = t = S(h) = (m/sec) v = Q
0-000 | 0.000 | 0-000 - \\
0.03 | 0.025 | 0.020 0.80° :
0.010 {0045 | 0040 | 089
0021 |00k | 0000 | 0.4 \\
0.037 | 0-087 | 0.0%0 0-92
P
, G-0b0 | O-11 0.100 0-90 d
/ Su—
0-085 | 0133 | 0.120 090 I
O.lb | 0154 | o-[4o 0-Q] _ l
0152 | g11o | O-fbO | O , .
0.18% | O-19b | O0-1R0O 0-92
RELATED QUESTIONS AND ACTIVITIES \‘
1. Replace the graph paper gn the plotting board and check that C ‘
the ball follows the same trajectory when released from the ( ‘
predetermined point. Move the entire apparatus to the edge of the
table so that the ball could continue its fall until it reached the floor ‘
Measyre the distance from the bottom of the ramp to the floor and

calculate the time that would be'reqtyed for the ball to fall this 1 23 4 % 6 7 89 10

distance using the equation

S = gt2,




. ‘ Using this time and the horizontal speed which was calculated earlier,
. predict the’point of impact where the ball will hit the floor. Try this
. . experimentand calculate your error in predicting the point of impact.

X(i) = Assuming that the boftom of the famp is 1.00 m above the floor,

the time required to fall to the floor (using S =% gf ) 1s 0.45 sec. Traveling at an
- average horizontal $peed of 0.92 m/sec, in 0.45 sec the ball would cover a

- horizontal distance of 0.41 m.

2. If the apparatus were placed at the edge of a cliff, 1000 meters
high, and 4he ball were released on the ramp on a windless day, why
would it be difficult to predict the point of impact of the ball at the
base of the cliff?

When the ball falls a great distance, rotation will cause its path to become '

curved and air resistance will have an appreciable effect on the travel time as
well as on the uniformity of the. horizontal speed. .

~ .
- .

v . s
4

-3 Place a penny at the edge of the table and shoot a nickel along
' - the table so that it hits the penny and they both fall off the edge. The
, . penny flies out farther than the nickel but both will hit the ground at-
almost the same .instant. Why?

Since both coins are shot off the edge of the table with a vertical speed of
zero, both take the same amount of time to reach the floor. The greater

_ horizontal speed of the pg@n}f causes # to cover a greater horizontal distance

than the nickel during that time.

.

4. Make a strobe photograph of the ball falling in the trajectory
' apparatus using one of the techniques given in Experiment 7. From
Y measurements on the photograph, calculate the horizontal speed of
the ball and compare it witfi that detetmined in the data chart on the
previous page. ! ¥ 4
Refer to Experiment 7 for techniques and suggestions for making strobe «

7

photographs.

Y'



CENTRIPETAL FORCE

1. Pass a strong light cord through a 10-centimeter length of
glass tubing. At one end of the cord, fasten a 100-g standard mass,
At the other end, tie a 2-hole rubber stopper as shown in the diagram.
Hold the bottom of the cord in one hand and manipulate the glass
tubing with the other so that the rubber stopper revolves overhead in
horizontat circles approximately 1 meter in radius. (See Suggestions
and Techniques.) When this has been mastered, release the standard
mass so that it is free to.move up or down. In this mode of operation

" " 65 ‘£ .

Vg .

EXPERIMENT o
. -
NAME: CLASSHOUR. = . -
LAB PARTNERS. s DATE .
\ o
PURPOSE :
A force which continuously changes the direction of motion of an  This experiment should be done with
object so that it moves in acircle is known as a centripetal force. In  students working in groups of three.
this experiment the relationships among the mass, centripetal force, ,S”e S'Udfh”' °P§’a’93 ’hetapfa’a':ﬁ;
eepmg the radws.constant as"
speed, and radius of f;urvature will be investigated. - stopper 15 whirled in a horizontal
"' circle. A second student counts rev-
olutions, while a third watches the
) PROCEDURE time
. \\\) * '
- —Z_:; —— e -
} - - —"/;\ ) m i
“» E
/ Glass tube covered AN APPARATUS PREPARATION
\ . with tape ) 1 meter stick
N t < . .
N Z'hole rubber stopper 1.length of fishing line, approxi-
~ —~
- - mately 1.5 m long
————— ] 1 piece of glass tubing, 10 cm
long, firepolished at ends and
- & £ covered with tape
Y 3 or 4 two-hole stoppers of differ-
. » ent mass\
4 1 100-g standard mass
Mark 2 200-g standard masses
arker L. 1 piece of cellulose or masking
* . taps, 5cm long, or 1 paper clip
' 1 stop watch or clock with sweep
_ Light cord second hand
’ 3
h »
100-g standard mass ~ T .




" .| . 1. To prevent the-cord from belng cut by the edge of the

{ . " SUGGESTIONS AND TECHNIQUES o )" E B
glass tubing, the tublng should be fire polished by heating itina
bunsen burner flame unfil the rough edge has softened into a

smooth surface. For. safety, the glass #bing should be covered
with some Yape. _ . o

2. The radius of the string erI be d|ff|cult td measure whlle L
the stopp@r is moving. One way of measurlng itisdo measure the
strrng before or after the actual trial. A smail marker such as a | .
paper clip’or a piece of tape attached to the string about 2 cm.
below the glass tubing will ke helpful in maintaining a constant
radius while the stopper is being revolved. - .. ,

3. When _measuring the radius, be sure to measure the

o=

——
'

P’ See sample graph on opposrte page
Check that students realize that force
+ IS zero when spedd is zero.

P

See sample graph on opposite page.
Check that students redlize that
speed I1s zero when radfus 1S zero.

~ See sample graph near the oo*rres-
nond/ng data table. .

[Kc

wll Toxt Provided by ERIC

LN

‘. ! 3

distance from the center of the stopper to the denter of the top .
opening of the glass tube.

4. To keep the centrlpetaAforce from varying dur|ng the
experiment, it will be necessary to practice keeping the rubber
stopper revolviflg a horrzontal circle. If the circle is not T
horizontal, a changing centr|petaI force will be observed during
each revolution. > =

5. The values of the known masses are usually ‘given in
grams. Remember to convert these values-to kilograms before
multiplying by g to get'the force in newtons. . -

N -

-

o8
\ *

the weight of the hanging mass supp@ the centripetal force which
forces the rubber stopper to move In a circle.

'2/F|nd the speed of the rubber stopper by allowing the stopper
to whirl in a horizontal circle of constant radius (r) for twenty N
revolutions while measuring the time. The speed is ‘equal to the .
distance divided by thestime; where“the d|stance is 2mr for each '

revolutich, .

\3 Iricrease. the centrrpetaL éorce by add|ng known masses to |
suppIy -additional centripetal force. As each known mass is added,

" recdrd the centripetal force and the resulting speed of the rubber

stopper. Be sure that the radus of the circle in which the stopper
moves does not ohange from trial to trial. Plot a graph of centripetal
force vs. speed.

4, Keeping the centripetal force constant, whirl the stopper in
horizontdl circles of different radii. For each radius, calculate the
speed at which the stopper moves. Plot a graph of speed vs. radius

"5, Keeplng the radius and centripetal force constant, vary the .
mass that revolves by substituting different size rubber stoppers. With
each substltutlon you will find that the speed changes. Plot a graph
of the speed vs., mass. . L

w86 50
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EXPERIMENT 17. CENTRIPETAL FORCE - . , g
- NAME _’ . ‘ CLASS HOUR -
o 7 [}
. Varying the Centnpeta/ Force .
Radius of circle (= r) r= . O 50 meter(s)
: Mass of rubber stopper m(s) - 0.03! kilogram (s) S
M Fe) [ n Total Speed
TRIAL | Hanging Centripetat [, No of distance;| Time. t | 4 o/t
mass, force, Mg |‘revolutions, | d = 2min (‘sec) (m/sec)
(kg) (N) (m) < aor

i N

i |ow0o | 028 | 200 |63 (158 | 40°

[0
(@)
T

C 2 /w.oo 2.0 2(5 3 (110 | 57

Centripetal force CN)
N
O
T

» M * y
' : ’ : : Lo}
_\%\&m 29 | 20 | 3 |10 |57, ,
> * 8 8’ O‘é.x.l.li
s" |0.400| 3.9 20 63 | 7 : Co 20, 40 60 80
' ) ; - o8 - Speed (m|sec) ‘
— 5
’ \
) Varying ¥he Radius -
. ¢ - : .
*Mass of rubber stopper" m(s) = 0.0/ o kilogram(s)
Centripeta1 force ( = wmght of hanging mass) F(c) = O q8 newton(s)
» i 80
% i . ) - 9,
' \s : 701 By
. - .. Total o .
Radius. No. of distance Time, t Speed. ..M gOf ;
TRIAL r revolutions, | "2 opn (sec') ] v=di
(m) “y N (m) (n}/sec) 2
) - g 5.0
’ 2 1 ’ M . E
|00 |10 | 38 | bl | 62 | 4l ;
4 3
2 | 070 10 44 b7 | bb | a0l
s JoB8O | 10 |"50 | 72 | b9 20}
| « |o09o| 100 |"57 | Tb | T5 | of
5 ’ _ . i 1 1 1 1 i 1 1 1
o : S B . + 9800 0.60 100
ERIC E AT Radius Cm)

]
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) . o
Varying the. Mass of the Rubber Stopper N

< .
Radius of tircle (=r) . = & meter(s)

« Centripetal force (sweight of hanging mass) F(c)='2-~—O newton(s)

)
¢

4

' i
00~ — . m(s) Total
o0 Mass of | N O | gistunce, Time. § | SPeed, .
L TRIAL stopper revolutions d=2mm (sec’) v =d/t
{ ".’7 8or -1 (kg) n (m) f"‘(m/sec)
2 e
£ 6ol 1 Joo| 10 |ez8 |67 | 94
4
v
$aof , 2 [po28| 100 |62.8 | 74 | 85
)] - -
20f 3 |003b| 10 | 028 |-85| 74
! ‘ 4 | : -
OO _ ! S | N
0.000 0020 0.040 5 4 ‘
" Mages CKg)

’

r

(This relation 1s not //near a/though

this may not be apparent N/

the

graph: The speed goes as 1//m. )

RELATED QUESTIONS AND:ACTIVITIES

" 1. Examine the graphs that have been prepared and summar:ze
- the relationships that you have fourd between: <

~
The centripetal force in-

a. speed and centripetal force.
creases }with the speed but i1s not directly proportional to it (graph,is not a

72

straighit line.)

’ X ‘—
b. speed and radius. The speed Increases with the radius but

Y g ¥
U

P .
is not directly proportional to it. P

—

c. speed and mass of revqlving object. The speed de-

creases as the mass incteases

N
- -
= - ,

2. Select a rubber stopper of unknown mass. Measure the speed
as it is whirled in a horlzontal circle of the same radius and with the

.same centripetal force as in Step 5 of the Procedure. Using ydur —

speed vs. mass graph, find the mass of the stopper. Check your
results by using a balance to find the mass of the stopper.

0.030
0.031 *,

Mass from graph m(g) =

Mass fronr tﬁance m(b) g
- . .
“« " Percent error E = 3 /°
LT S R

*§ e .

A e e




} EXPERIMENT 17.-CENTRIPETAL FORCE

v

NAME < S~ _ CLASS HOUR

»

'

3. When a rubber stopper is resting on a rotating phonograph  The main difficulty that.students are
turntable, the friction between the stopper and the turntable provides likely to encounter is in determining
the centripetal force which keeps the stopper from skidding off the speed (v) of the stopper as it
M this by placi the st n tati turntab! travels 1n a circle on the turntable.

easure this force by p'acmg e' opper on a stationary rntable 000 a standard phonograph turn-
and pulling it with a spring scale 4ntil it just starts to slide. A more table, the speed can be calculated by
precise technique Is to attach a light string to the stopper, pass the taking the distance for one revolution
string over a pulley, and then hang known weights on the other end of (21r) and dividing 1t by the time t for

_the stiing} until the stopper begins to slide Now place the stopper one revolution. At 78 rpm, t = 077

- near the center of the turntable and turn the motor on so it turns at a

- C oy . known speed. If the stopper does not slide, stop the turntable, and
reposition the stopper a little closer to the rim until the minimum
radius is found at which the stopper begins to slide. Using the
equation

y i el
333 rpm, t = 1.80 sec.

F = mvér ' .

\ b ‘

calculate the centripetal force and compare this with the frictional
force which was found earher.
In a typical tnial, a stopper of mass 0.036 kg was placed on a turntable with a

record revolving at 45 rpm. The stopper began to shide when 1t was 10 cm -

(0 10 m) from the center of the turntablex Calculations indigate a centripetal

force of 007 N compared with a spring scale reading of 01 N

i Lt




EXPERIMENT ¢ NEWTON’S THIRD LAW

[y | 8
e |
— e a

NAME

CLASS HOUR

é - —/  LAB PARTNERS N

DATE

PURPOSE N2 \

The consequencés of Newton's third law of motion may be observed

This experiment has been successful
with students working alone or with

_when two objects fly apart in opposite directions, You Will perform a
ontrolied explosion and compare the change of momentum of each
object, .

4

$

o PROCEDURE
»
"+ Carbon paper over toad  Shortstring Dynamics cart
. white paper N

Long string

In thus experiment, two dynamics carts are placed on a tabie as shown
iri the diagram. Their spring-operated plungers are compressed and
held in this position with a short string. The string 1s burned, allowing
the carts to fly apart. The change of momentum (mass times change
in velocity) of each of the carts is determined. To avoid the necessity
of using a timer, a long string 1s connected between the two carts so
they will both stop at the same Instant. Since the time of travel for
each of the carts s identical, and- they travel at approximately
constant spebd after they separate, their relative speeds may be
determined simply by measuring the distance each moves. Proceed
as follows: ,

{~Measure the miass of each of the carts-using a triple-beam
balance and record in the data chart.

2 Tie the two carts together with a short string and with a long
string (If the plungers can_be cocked, do not cock them.)

3 Burn the short string and measure the distance that each cart
moves until it comes to the end of the long string. For help in making
this measurement, refer to the Suggestions and Techniques section
Record the values in‘the data chart. . £

7 =y,
"
— _ \—- _

as many as four in a group. Besl
results have been found with stu-
dents working in pairs.

APPARATUS PREPARATION
2 dynamic carts (heavy carts with
small light wheels are prefer-
able)
2 or more weights to attach to
carts ~7 .
2 rubber bands to attach weights
to carts .
10 lengths of short string, each 10
cm
1 length of long string, about 1 m
2 sheets of carbon paper
2 sheets of white paper
tape to fasten paper to lab table
" matches to burn string
1 meter stick
1 triple beam balance




( SUGGESTIONS AND TECHNIQUES ™~

1. To measure the precise diStance that a cart travels, mark
the point where one of the wheels touches-the table before the
explosion. Near the position where the cart will stop, place a
piece of white paper covered by-=carbon paper, carbon side
down. When the wheel rolls over the carbon paper it will make a
track which shows the farthest distance that the wheel traveled
before it was stopped. The distance between the starting point
and the end of the carbon track can be measured to the nearest
millimeter.

2. To obtain a clear impression of the wheel on the carbon
paper, wrap a single strand of thin wire around the wheel and
-secure it with a small piece of tape. The thinner the wire, the
greater will be the pressure on the carbon paper. .

'\\.

I—Biscounttheresuits ofany triah Imwhich The two carts do
@t fly apart in a straight line. _/

4 1If momentum 1s conserved,

mvi= ma2
or mids mad2
ts t2 =

where ms. m2 are the masses of the left- and right-hand caﬁs,
. . respectively

vy, v2  are the respective speeds after separation
ds, d2 are the respective distances each cart moves

Q ti, t2  are the respective travel times of each cart

Since t1 = tz2, then mid2. = mada. Consequently, the mass ratio
mi/m2zwill be inversely proportional to the distance ratio:

-

Calculate the mass ratio and enter it on the data chart. Using your
distance values, calculate the inverse distance ratio {(d2/d1) and enter
it in the data chart. Theoretically the inverse distance ratio should be
exactly equal to the mass ratio, but they will be found to differ
somewhat because of expenmental conditions. Using the mass ratio
as the standard, calculate the percent error and enter this value in the

-

botom rTow.

5. Change the mass ratio by adding a weight on the’top of one of
the carts and secure it firmly with a rubber band or string. Explode the
carts and measure the distances. Enter the distance and mass data on
the cha and calculate the percentage error .

)
6. Change the mass ratio several addmonal times, recording the
data in the chart together with the percentage error in each case.

”’! -
- 1 72 I3 ”

b
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EXPERIMENT 18. NEWTON'S THIRD LAW

NAME"

CLASS HOUR

" DATA

TRIAL .

Mass of éeft—hand
cart, mi= |14} 146|250 1.30] 145

D
A
%

(kg)
- Mass of right-hand
cart, ¥ ma= 143|143 1.25|230(/.25

(kg)

m1/ma - |ko2|Lo2| 200 0565| L.lb

Distance left-hahd

cart moves, d:= |ollz]opt osoy |3k 0218 2
(m) ) '
Distance right-hand -

cart mOVeS, d2 = Q S O_bbqo.qm O.qu 037b

(m) i

d2/d+ - | 1.07} 1.05|1-83|0018] I.22

Percent error 'E = | 49|29|85|G-3|5.2]|.

RELATED QUESTIONS AND ACTIVITIES

1. Analyze the experimental errors that occurred in each of the -~

trials. If all of the errors were in the same direction, it indicates that,
there may “have been a sysjematic error in the equipment or
experimental techniques. For eXample, one of the carts may have had
more friction than the other. Identify and account for a;:y such errors

Data abgve do?s not indicate any systematic errors.

N’

) )
2. If the spring-operated plungers are compressed mﬂe or are

compressed less during successive trials, it will'vary the amount of ’

force that is pushing the two carts apart. In theory, how should this
affect the relative distance that each cart travels?

i

The distances should not b; affected at all. The force would affect the time of

travel but this is not méasured in this experiment.

[ L 4




Sorge differences will be observed
from trial to trial because of random
errors in measurement and tech-
nique. -

Again, any differences in data are
~ ~ likely to be due to systematic or
random errors rather than new
discoveries in physics. Learning to
recognize negative resuits might be
more important than merely
confirming known theory.

t

%
Prove your answer by setting up an experiment and recording the
data below.

3. fmmediately after the string has been burned, the force of the
plunger pushes the two carts apart, causing them to accelerate until
the plunger has been fully extended. For precise resuits, this sho

distance should not be_counted in meastring the distances th

¢arts traveled after the explosion. Devise and try an impro
technique that would take this factor into account for the expen
Record your idea and the experimenta;;i?ults below.

Y

Since the force on each plunger by the er 1s identical during the
acceleration, the acceleration ratio of thg two carts wil be inversely
proportional to-the mass ratio. Thus, since kgetémes for accelerated motion

are identical, the distance ratio during the accelecation phase will be identical

to the distance ratio after the forces cease to act ‘chons above are
purposely vague to add interest to the experiment \

\

13

4 Repeat the experiment using a linear air track, if one is
available. Because the ghders rest on a cushion of air, there 1s
negligible friction and it s possible to obtain more precise results

DATA:

A linear air track is one of the most useful pieces of apparatus for

experimentation in the physics lab. Because there is little frictional resistance

and no changes in angular momentum (due to rotating wheels), excellent

results méy be obtained. Students will soon find that apparatus with improved

—~—

precision often presents a&ditiona/ problems, such as effects of air resistance

and difficulties in making precise distance and time measurements, which did

not appear when measurements were lass precise.

ERIC =~ .

Aruitoxt provided by Eic:
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. EXPERIMENT.e- CONSERVATION OF ENERGY IN A PENDULUM -

.
-

NAME CLASS HOUR -

LAB PARTNERS" . DATE
}
PURPOSE Students working n groups of two

Y o add fih
SeEnT (U EToy - the-chaffenge—orHHs

Mechanical energy may exist as potential (stored) energy or as experiment.
kinetic (moving) energy. In this experiment conversions between

these two forms of energy will be Investigated.

ENERGY IN A PENDULUM
Displacing a pendulum to the side increases the gravitational
potential energy of the earth-pendulum system by an amount given  APPARATUS PREPARATION
by the equation . 1 drilled brass ball or a standard
mass of at least 200 g
/ 1 length of a string at least 0.5 m
PE = mgh long ’
-~ ' . 1 ticker tape timer (Several types
) Ve are avarlable but the type illus-
where: . trated here 1s highly recommen-
ded.) .

' ] 1 meter stick
PE is the potential energy 1 stop watch or watch with sweep

second hand
m is the mass of the pendulum approximately 8 m of ticker tape

g is the acceleration of gravity
(9.8 m/sec?)

h s the vertical height of the pendulum abo‘f
its original position. .

The potential energy is in joules if m is in kilograms, g is in m/sec?,
and h is in meters. . ’ :

If the pendulum is displaced to the side and then released, it starts
moving as it falls, and potential energy is converted to kinetic energy.
The kinetic energy of the moving pendulum is given by the equation:

N
m - - T Kg-: %,mvi ) e CT T
where;
. KE is the kinetic energy -
- m is the mass of the pendulum
o v is the speed of the pendulum
ERIC o ,

75"




a SUGGESTIONS AND TECHNIQUES I

1. Use a’pendulum that is at [éast 0.5 meter long.

’ 2. When measuring the distanée between the pendulum
bob and the top ofthe table, you may measure to any part of the
pendulum bob, as long as the same part of the bob is used for
each meastrement. . )

* 3. To find the distance traveled in 16°dot,intervals, measure
the distance between the first and last of 11 dots on the tape.

4, You may wish to substitute a photographic strobe system
for the ticker tape-timer. Refer back to Experiment 7 on strobe

\ techniques if necessary.’ j

¥

PROCEDURE

1. Measure.the mass of a pendulum bob and record in the data -
chart.

2. Calculate the period of a ticker tape timer by pulling the tape
through for 3 seconds and countlng the number of dots that it makes.

3. Attach the ‘end of the tape to the pendulum bob, as shown in
the illustration. Measure the height that thie pendulum bob is above-
the- table when the pendulum-is in-its vertical equilibrium-position

Displace the pendulum to one side until the vertical distancé between )
the.pendulum and the table is 0.020 meter hugher than it was at the

1L , equilibrium position. -
4. Start the timer and release the pendulum When the pendulum
= ’ " has swung over to the other side and is just startmg back down, stop
) . the timier and examiine the tape.

' : 5. Calculate the maximum-speed that the pendulum achieved

during it§ swing by measuring the distance and calculating the time

o ' that is associated with the 10 longest consecutive dot intervals on
L ol Ve S , / '
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- o EXPERIMENT 19 CONSERVATION OF ENERGY IN A PENDULUM

NAME ‘ ( CLASS HOUR '

the paper. Record the distance and time for the 10 dot intervals and
speed calculation in the-data chart.

6 Using the speed calculated in the previous step, calculate the
maximum Kinetic energy of the pendulum using the reIat|onsh|p

-

KE = ".mv?
. \‘\
"/ 7. Repeat the above procedure, drawing the pendulum bob back
_farther so that it is 0.40 meter higher above the table than.it was'in its
equilibrium position. Repeat this for several-more trials, increasing :
the vertical distance by 0020 meter Jfor each tnfl .
DATA
Timer Calibration
TRIAL |Total time {sec) T(t)|No.of dots n|Time intervalper dot (sec)t
1 5.0 380 0- 0132 \
2 5.0 387 0-0129
3 50 375 0.0133
Mass of pendulum bob, m = 100 kg
TRIAL N4 2 3 4 5 6 The fact that the kinetic energy IS
Height of bob (h) ) roughly 25% under the potential en-
P : ergy for each trial indicates that there
aboye equilibrium 0200.04010.060  0.080 .0'100 0120 1s a systematic error in the sample
position (meters) . data.
. Potential energy 0. O.3°l O-5q 0-78 O_qg
PE = mgh (joutes) R
e-analysis of the tapes by the Stu-
Maximum distance ! dent mdieated that a 10-dot interval
traveled in 10 dot 0.07 10.04[0.12.|0.1d ol with hus afparatus was muqh 100
Y intervals (meters) S = - great and that distances between
'n' ) dots varied considerably within this .
Time corresponding | interval. :
" to 10 dot intervals 0-\3|0.43|0:13| 0.13|0.13
(sec) ’ t = Recalculations using atime of .013
Maximum speed ’ . sec and the largest distance between
1 . qlpo92| It | 1.2 .| two successive dots on the tape
(m/sec) v'= 054|106 . reduced the error to less than 5% for
» ¥ each trial ,
inetic energy
’ KE = "zmv? (joules) 015|024 64z Ob2 O
o Percent error E = 257o 3% 297 2¥7 | 22 .

77 "o




RELATED QUESTIONS -

1. Examine your data chart and note the similarities between the
values for the potential and kinetic energies in each case. Explain why
these two values should be,exactly equal, in theory.

The kinetic energies are less than the respective potential energies in ach

trial. According to the law of _cgnservation of energies, without losses the

energies should be always equal. ’ T

2. Calculate the percéntage error for each trial by dividing-the

-

difference between the potential and kinetic energy by the potential

+ energy and expressing it as a percentage. Enter this in the bottom row

~~

of the data chart. '

Calcuiations:

-~

80

78

s
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EXPERIMENT ¢

.

ENERGY CHANGES ON A TILTED AIR TRACK "

CLASS HOUR . N

NAME
. -
(ATEEEEERR
——/  LAB PARTNERS ¢ DATE )
\/ B 31 -
e ) IS S »—;‘ ———— —
DLIRDOSE .
T Tl Wdbe -

4

The linear air track offers an excellent opportunity to observe changes
of mechanicai energy because any losses due to friction.are
negligible. Because theoretical calculations and actual observations-
can offer resuits which are practicaily identical, you ¢an make a game
out of how close you can predlct the distance a giider willmove on a
tilted air track.

L)

/// ' PROCEDURE .

D Predicted distance \{Lmear air track

Glider

-
~

«n

1. With the air track horizontal, stretch a rubber band between
two supports and allow a glider to rest against the rubber band in its

»equlﬁbzium”positiqn,_asshewwin—the—diagram.

2. Calculate the potential energy that is stored in the rubber band
when the glider is maved 1 centimeter from its equilibrium position
into the rubber band. Because the forces exerted by a stretched
rubber band are not linear with the stretching distance. incorrect
conclusions will be reached if you try to find the rubber band energy
by multiplying the total force by the total stretching distance. It will be
necessary te find the energy 1n small steps and then add them to flnd
the total potential energy necessary to stretch the rubber band 1 0
centimeter. To do this, follow the procedure given in steps 3 and 4

below“' -
. . 79 ‘81

- e

& we
Students enjoy this experiment be-
cause the coqceprs are simple and it’.
provides a real challenge to perform
precise measurements. oo-
Errors as high as 75% are likely -
unless good laboratory technlques
are used.

-~

APPARATUS PREPARATION

linear air track .

glider - .

rubber band launcher

long, thin rubber band (or chain of\\,.,/
smaller ones)

meter stick

., .
The. air track illugtrated here has an
integral blower a?}he left end. Other
models Ypave separate blowers at-
tached to the track by a hose. If the,

Arack does not already have a rubber
band launcher, one can be impro-  ~
vised_by using two ring stands as
sho%/n the dragram.

P
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. 3. Tie one end of a light cord to the glider and pass the other end

-5 - over a pulley to a hanging paper cup. Plate sand or gravel into’the

”\‘ <‘cup until the glider moves into the rubber band 0.1 centimeter from its

equilibrium position. Weigh the cup and sand on a balance. Record

y the balance indication (which most likely will be in grams) in the data
chart. Multiply grams x 0.001 for mass in kilograms. .

\' 4. Increase the amount of sand or gravel in the cup in steps that
will stretch the rubber band up to 1.0 centimeters in 0.1 centimeter
p ] - steps. For each step, record the' weight of the/cup and sand in the dafa
) table. These data will be used to calculate the stored p&tential energy
when the data is analyzed later.

5. Raise one end of the track until it is sufficiently high so the
glider will not reach the far end of the track after being shot out of the
rubber band launcher stretched to 1 centimeter. Measure the angle of

. . inclination of the track and record it on the data chart.

6. Predict the maximum distance that the glider will4Favel up the
track after the rubber band is released. This can be doné by equating
the rubber band potential energy to the increase of gravitational
potential energy (mgh, where m is the glider mass, g is the
acceleration due to gravity, and h is the height the glider rises after
the rubber band is released).

~ (, o 7. Try this several times, changing the distance that the rubber
band is stretched or changing the'mass of the glider. .
l = - »
. - . R
e . ' DATA ANALYSIS
. &
1. Calculate the potential energy In the rubber band when the
glider stretches it 0.010 meter. One way to do this is to multiply the
stretching force by 0.001 meter to flnd the work in joules to stretch the )
/ rubker band forthe first millimeter. Record this in the last column of .
‘ the data chart. For,each succeeding millimeter stretch, multrply the
) increase in force by 0.001 meter to find the extra potential energy in
When this has been done for all 10mu|limete%, add the energies
»in the last column to find the total energy. You might wish to check

-~

° this value by plotting stretching force vs. distance,on a graph and
then finding the total energy by measuring the area under the graph
line.

&

- . *** To save time, you might wish to enter only the data for
columns A and B and then let your laboratory computer calculatathe
total rubber band energy from these data. ;X‘~

s
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EXPERIMENT_ 20. ENERGY CHANGES ON A TILTED.AIR TRACK

M S
, NAME CLASS HOUR ‘
', ﬁ‘ ' . . »
Mass of . o
t. cup and .Stretchiné Potential Typical sample data for this chaft IS
Distance | Distance- {. sand Yorce -Energy not gven because of the var/a’t/%ns
(millimeters) (meters) in kilograms| (newtons) (Joules) expsgrienced with /nd/wdqal rub gr
d=" s= J m= F =-mg R bands and the non-hnearity of their
- Y stretching forces. Look for repeat-
. ] able data ¥10% among s®eral in-
, ) 1 001 \ ‘ dependent trials. .
- . "FL‘
i <
« . ¢ & ?
" : 2 .002 y
. - G
P ~
- ' ~ “ ¢
3 003 ,
r < .
4. 004 .
. . ] A . R
\
he v
< ’ /
5 .005 —
. ' ® ~ (‘
) ¢ 006 .
/‘-—\
' 7 A T por . -
. . v 4 = - . - ’ - - \
8 .008 : /lv
t ! \ ‘
M ! N . N R
¢ - \ \
- ‘ .
. - f o @ ’?;\ . Y ) ¥y .,
e - {, 9 7 009 . : .
) o : ‘ 'f, - ! ! o + :
~ . "eféjq . ‘ ] | . oo .
R Yy N . R -
.010 ’ 2
- L ] .
‘ ! : o . . T
Total potential engrgy . .
. (Joules) .PE= \ . -~ i L.
’ ’4 \‘ ) [ . 3 .
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To avoid zr;gono}ne}r,c calculations, 2. Calculate the height to which the ghder will rise Using the rela-

have students calculate the increase  tionship h = mg, where . PE is the energy stored in the rubber band

-t

in-height and then refer to the actual . when strefChed 1 centimeter, m is the mass of the glidelr in kilograms

air track to find the distance along
the track 'which corresponds to this
charrge 1n height.

-

and g is the acceleration of gravity ( g =9.8 m/sec) Enter this value in
the chart below. . - . )

3. C?ﬂculate the distance along the track that the glider will cover

- The average student is likely tobe off  wefore coming to a stop. Do this by dividing the height, h, by the sine

by abbut 50% in his prediction of the
distance along the track that the

of the angle of inclination, A. Enter this predicted distance in the

ghder will travel. These large errors chart. oo © :
- provide a real opportunity for stud- " 4. Now, experimen#to find the actual distance that the glider will
« ©nts to improve both theitr measur- y ; )

1Rg techmques and the rubber band
launcher. According to the sample

mQve  up the track-after being launched from the rubber band
stretqhed one asntumeter Enter this experimental value in the chart

data, it 1s obvious that the launcher and calculate the percentage error between the predacted and the
does not conform to Hooke's Law of ~ measured values. .

the ideal spring

)

S . -

» - .
TRIAL :
1 2 3 | 4 5
Inclined R / :
Angle 30 50 80 0 N

i | | >

Rubber band

energy, Fs. 0.0008|0.0046 |0.0099|0.022
(joules)

’ L]

Glider mass

. 250 {0-250|0-250] 0-250
(kg) LE 0-25 2
Predicted height : ] .
rise (meters) ©-0003|0-001|0-004 10-009] .. o
- h = " -

.o Predicted . :

distance ‘(meters) |0.054]| 014 | 0'35 | 0:7b e e e
* ’d(P) = r - - a - \—\ b /..

Actual distance do.037] 0.12 | 025 | 046
: . meters d(A) = ) .

. : 7‘,- . !
Percenterror ° | do | |7 | 40. | ©5
« - * i‘ -
4‘7 s
L
s , ' _ .
. £
RELATED QUE3TIONS AND %CTIV!TIES ’ ’
"1 How would the motion of the glider change if the tilt of the air
track weye increased? .- -~ 8§
The\n fease 1n_height would be the same b trthe distance along the track ) )

- A}

/ T O =

would b’ lgss. . ' L , . \K
N . 4 j . .
> : e 84 . , E .
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EXPERIMENT 20. ENERGY CHANGES ON A TILTED TRACK

F g

-

NAME -

J

CLASS HOUR

2. Descnbe the changes that take place in the kinetic energy of
the, glider from the time the rubber. band is-releaséd uhtil the glider
returns to the original relgase position. :

Upon ralease, the KE increases until the glider leaves the rubber band

Iaun_cber As the glider continues upwthe track, its KE decreases, bec0m/ng

X

* zero when the glider stops momentarily at the highest point. As the glider

returns, the KE increases until it reaches the rubbe}\band, then decreases to

zero as the glider stretches the rubber band.

a

N . - - . - -

. Déscribe the changesin potentlal energy" that take place from
the time the rubber'band is reieased until the glider returns to the
original release position. ~

The PE of the rubber band systém decreases upon release, and the

.

gravitational PE increasgs as th% ghider goes up the tra’e} During the return .

3 »
-

. 0
trip, the gravitational PE decreases, and the PE of the rubber band system

increases when the glider reaches the rubber band and stfetches it

4

- .
[ M .
L) ’
. . . .

. 1If you are espec;ally successful in makmg “accurate predic-
taons record the specific techniques that you developed in strefching

" . the rubber band(, in measuring dsstancos orin releasmg the stretched

rubber’ band for consistent trials.

A compass (the kind used for making circles) was used as an aid in finding

small differences in height along the tilted &r tr‘ackﬂ This helpepsdetect

~ “

differences as small as 1 mm

el

[

h




EXPERIMENT ¢

-

SIMPLE HARMONIC MOTION ON A LINEAR AIR TRACK

a

A .
' NAME . CLASS HOUR
\ _ ) LAB PARTNERS: DATE
Q —
PURPOSE
If an object supported by springs Is started in motion, it will move |t s suggested that students perform
back and forth In a periodic motion called simple harmonic motion. this experiment working n pairs. If
The period of the motion depénds upon the mass of the object and ;’Z’e’a’e nQt enoug hr:l r ':aCks ava";
the constants of the springs.that support it. In this experiment, we so;eogfvrefg ngg;m? cmassc"a Zz;'a"r'e
shall investigate the relationhips between the mass, the spring s ngs and others to do Part B of the
constants, and the resulting period of the system. experiment first. If at-all possible, try
' to have every student assigned to an
air track for at -least part of the
v i PROCEDURE session.
. - APPARATUS PREPARATION
- il ! 1 air track and blower

Cord to adjust
spring tension I
Spring K4 .

? ,\,//’—ﬁ '
M S |

N

1 Measure the mass of a glider, place it @n.a level inear air track,
*and attach springs with known spring coh's,iént's to each end of the
glider as shown in the diagram. (If you do not know the spring
constants, see Suggestions and Techniques )

2. With the apparatus -arranged as shown in the diagram,
digplage the glider along the track 5.0 centimeters from its equilibrium
position. Release the glider and measure the time that 1s required for
the ghder to make twenty complete oscillations back and forth
Calculate the period of the glider b)g‘j;viding the time by the number
of #kscillations. Increase the initial displacemient of the glider in steps
of 5.¢cm and In each case calculate the resuiting oscillation perniod of
the glider. /

' 3. Add Xnown masses to the glider to mcreée its mass and, by
e>&)eriment, find the relationship between.theﬁmajéof the glider and
its period *of osciliation.

4.-Change the tension on the springs by adjusting the length of .

y the cord attached to the right post of the air track. The tensior can be
measured by using a spring scale or by attaching weights to

‘ | ® 86

3 or more sprinQqs

%avc;*spnng should be stretch-
a om about 4 cm to 20 cm.
without damage and have a
spring constant of about 2.N/m
{or 2000 dynes/cm) Stffer
springs will work but oscillations
will-not be sustained as long.
length of string, about 1 m lon
balance to measure mass of
ghider and gldér weights

meter stick (1f air track 1s uncal-
tbrated)

set of standard masses, 20 g to
100 g, or 1 spring scale

- -

-4

-~

If only 1 lab session 1s available for
this experiment, 1t is not likely that
any students can finish unless they

are given springs that have béen'

LI 4

calibrated in advance

R T




AN
K SUGGESTIONS AND TECHNIQUES NN

1. Use lightweight springs that have small spsing constants.
Suitable springs, made especially for this purpose, are supplied
by the manufacturers of air tracks as accessories. Since the
mass of the springs is so low;, its effect on calculations may be
neglected.

2. To measure the spring constant of a spring, hang the
spring from an overhead support and stretch it with known
weights. As each weight is added, record its value in newtons-| »
and the length of the spring in meters. Plot-a graph of your data
showing-the stretching force (the weight) vs. the length of the
spring, and connect the points with the best straight line. Select
any twp points on the line. The difference in the force
-coofdinates of the points, divided by the difference in the length
(omdinates, is the spring constant in newtons per meter. &

Al 3,

¥

—

the free end of the cord and hang’ng them over the edge of the table
with the aid of a pulley. Find the relationship between the tension and
the period of oscillation. -

5. Substitute springs having different spring constants from
those originally used. Find the relationship between the spring
constant and the period of oscillation.

DATA
Variation of Period with Initial Displacement
") - 2.0 N/
. 2.0 N/m
Glider mass k M = 0.240 kg
g 0.735 N

Sprfng constant

Spring .constant

-

Initial tension of springs -

By
Inttial iy ]
displacement | 1O M€ | o of oscillations|  Perod
TRIAL (meters) (sec) n= J (sec)
s - vt . T-
! 0.05 30 20 I.5
T
: | 010 T30 | 20 |45
3 | 015 | 30 20 15 |
4
5 { )
~ ,
7 ' =




EXPERIMENT 21. SIMPLE HARMONIC MOTION ON A LINEAR AIR TRACK

‘e CLASS HOUR

NAME -
)
\ Variation of Period with Mass
-
Spring’ constant K(1) = ZO N/m
Spring constant K(eD ZO N/m
Initial tension of springs F= O-{ 35 N
Initial displacement . S5 O ]'O m
Glide.r ' p
T.R'AL T:gss TO::L:)me No. of Oscillations P(zgg)d
z t= n = T=
1.]0.240|. 30 2.0 L5
2 | 0.3b0 | 36 20 | I8
.3 0480 | Hz | - 20 2.1
4 | 0.000 " H7 20 ¢ 2.4
S .
7Variauon of*Period with Spring Tension
Spring constant . K(s) 2 20 nm
Spring constant (\TK({) . LD
Initial displacement | 'S = O /O ’m |
Glider mass M= O ZL][O kg
: .
Spring |
£ TRIAL tension” | Total time Period
\\ (N) (sec) Mo. of oscillations . (sef) ‘
F= t= n= T=
1 |0.735] 39 20, | IS
2 | 0.588] .30 20\ | I'5
3 |0-49o | 30. 20\ | k5_
e 0:343. 30 % | 1S

87 88
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Variation of Period with Different Spring Constants

Glider mass m = O 7-4/0
Initial tension of springs F= Q. 735 N
Inftial displacement S= o /0 .
4 . »
Spring . Spring Total time No of Period
constant k: = | constant k 2= {sec) oscillations (sec)
N/m) (N/m) (- o= .

20 | 114 | 34-®* 2o ]-7 ,
20120 | 30 |20 | |5 | -
20 | 2265 | 28 | 20 | I'4
: 27 | 20 | 28 20 /Y
e i 25127, 26 | 20 | )3

“

.

RELATED QUESTIONS AND ACTIVITIES

1. As the ghder moves farther from its equilibrium pasition, what
happens to each of the foliowing?

The magnitude of the restoring force, >/1¢€ the springs are stretched
and compressed more, the force increase
- The speed The potential energy increases at the expense of kinetic

a ? * —_

energy. SO the speed decreases

-

2 What happens to the périod of the gllder as each of the
. following I1s increased? - :

The imtial disnlacement No change I

The glider mass. Period increases., : A

" ’ The spring tension. | No change ' -4 ’

4

~ The spring constants

.

Peridd decreases

3 On the air track, the theoreticai reiations between the period of

oscillation (T), the-mass of the glider (m), and the spring constants (k
. and kz) 1s given by the equation :

’ . . : : / m fu
L . . i ' ‘T = 2 m m 4 ’ »
" . . Insert your measured values for the mass and spring coé}tants in the

/ , above equation and compare the theoretical periods of gacillation with
the experimental values you have obtained

. . a
When ki;was 2.0 N/m, kzwas 2.5 N/m, and m was 0.240 lig. the exgerimental

4

. : . period wag 14 sec. 7’% theoretical value 1s 15sec The error s less thar 7%.
o . e

ERIC - - 8w, S
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\'EXPER!MENT e OSCILLATING MASS HANGING FROM A SPRING

Y

NAME

CLASS HOUR
\Y

LAB PARTNERS.

DATE

’ { ~

PURPOSE

The period of oscillationof a mass,' bouncing at the bottom of a coiled
spring is predicted frqm theoretical calculations and then is measured
experimentally to compare results.

LIS

PROCEDURE

Weight suspended
from spring

e ——
.

1 Suspend a spring with a known sprmg.constant from a ngid
* overhead support. At the bottom of the spring, hang a known mass.

2. Stretth the spring and release it so that the mass bounces up
and down. Find the period of oscillation by measuring the total time
that it takes to make 10 or 20 bounces and then divide by the number of
bounces ta find the time for one osciliation.

3 Calculate the theoretical period.using the equation:

- ) <
[m
T=2m k : .

\&Qere s N

-~ 3
- L}
% T 1s the period of oscillation In seconds

m 1s the mass in kilograms-.

L]
k is the spring constant in newtons per meter, 9 U
89

APPARATUS PREPARATION
1 set of standard masses 20 g to
j00gT - 7 AN
1 spring, with spring constant of
about 2 N/m (or 2000 dynes/cm)
1 ringstand with spring support
and clamp




Compare the theoretical value obtained using th& equation with the
experimental value and calculate the percentage error.

4. Repeat steps 2 and 3 using heavier masses.

3

)’ DATA
Spring | Total Experimental{Predicted
Mass | . onstant | time | NO- ©f period period [Percent
TRIAL]| (kg) (N/m) | (secy bounces isec) (sec) error
m=| K= |t=| n-= T(E) = T(P)

1 {0-020f 2.0 |\2-b|. 20 o.}g3 0-63

2 lo.030] 2.0 lﬁ-‘i 20 0.77 O-7°7 .

3 leoso| 2.0 (200 20 | 1.0O | 1.9

4 lookd 2.0 |2{8] 20 ;.bq |-

SO I101010 W

5 |0.080 2.0 |250| 20 .25 | 13-

/ SUGGESTIONS AND TECHNIQUES \

, 1. The best results are obtained using a spring with a small
spring constant.

2. A convenient way- to suspend the spring and mass 1s to
clamp the base of aring stand.to the edge of the {aboratory table
and suspend the ring over the edge.

3. Make sure that the motion of the mass is vertical.
HoriZzontal oscillations will cause errors.

4. Avoid using a mass that i1s so heavy that it distorts the

- @rmg beyond its elastic limit. J '

4 RELATED QUESTIONS AND ACTIVITIES

1 Unless the mass of your hanging weightismuch largerthanthe «
mass of the spring, an error wﬁbe encountered because part of the
spring is always bouncing along with the ha[ging mass Recalculate
the theoretical period by taking this ihto account. #03d one third the

* " -mass of the spfing to the entire mass of the hanging weight to find the
effective mass that 1s bouncing. Thenretalculate the theoretical period
of oscillation and comment on your results below.

¥
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EXPERIMENT 22. OSCILLATING MASS HANGING FROM A SPRING
. ~

4
N

NAME

CLASS HOUR -

- (

-

2. Make a stroboscopic photograph of thg mass hanging from a
spring during one half an oscillation. AnalyJe “the' phqtograph to
determine the relative velocities of the mass during various portions of
lits travels. Summarize your analysis and paste the photograph in the
space below

Photograp'h )
4 4
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EXPEhIMENT )

MECHANICAL RESONANCE

NAME

CLASS HOUR

LAB PARTNERS

- " DATE

Two swingin

PURPOSE

frequency of the two objects.

PROCEDURE

or vibrating objects are said to be in mechanical
resonance when the maximum amount of energy can be transferred
from one to the other. In this experiment, we shall investigate how the
amount of energy transferred depends upon the nafural period or

[ s—

-

It Is recommended that students do
this expgrimepnt working in pairs.
Because all the equipment can be
easily adapted from common, readily
available materials, this experiment
can also be done as a homework
assignment. .

APPARATUS PREPARATION

For average or slow students, sus-
pend two pendulums consisting of
drilled brass balls or hooked weights
(50 to 200 g) from a horizontal string
fastened to a vertical support at each
end. -

FL{«a_bwe-average students, use the

hacksaw blade suspension illustra-
ted’ at the left (unlike the horizontal
string suspension, it causes reson-

. ance when the pendulums are of
unequal length)

For superior students, have them try
- -both. versiopy, .of the apparatus.aang....... ..

explain the tlarities and difler- -
ences in the Texuits.

‘

1 Susperid.a weight from 4 string attached to a honzontal
hacksaw blade or a horizontal string. Measure the length of the
pendulum-——the distance from the pomt of suspension to the center of

-the weight—arid record it.

2 Allow the pendulum to swing back and forth, apd-tnme se\zeral
swings to determine fhe natural perlod of the pendulum

3 Suspend a second pendylum from the same horizantal support
making the second pendulum twice as long as the éirst pendulum.
Displace’the first pendulum a known horizontal distance and release it

+ while the second one Is hanging'still. As the first pendulum swmgs

R B 93

~
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SUGGESTIONS AND TECHNIQUES - \

: ) _ 1. Although the length of thefirst pendulum is notimportany,
. 25 centimeters will be a convenient length for most laboratory
purposes. : . -

. 2. For consistency of results, the first pendulum should be
starfed swinging from the same point each trial.-A marker
attached to a pile of books or a ring stand will be found usefulYor

. this purpose. N

' 3. The horizontal displacement of the second pendulum
from its equilibrium position may be measured by holding a meter
stick near the pendulum. Another way to measure thisdistanceis
to filuminate the pendulum with a high idtensity lamp ‘and observe
the shadow of the pendulum on a piece of graph paper thatis held
vertically on the other side. With each swing of the pendulum,
note the maxitmum displacement of the pendulum before it starts

bwinging back. . 7

f

(Length of pendulum 1=27.1¢m)

o ©
M ] T 1

(e 2]
1

[s))
)]

£
T

some of its energy will be transferred through the overhead support to
A s ) L the second pendulum, As energy is supplied, the second pendulum will
o 20 30 40 50  swingin &rcs of greater andgreater amplitude which reach amaximum
Lenqgth of pendulum 2 (cm) § and then diminish. Record the magnitude of the greatest horizontal ~
displacement that is observed.

4. Shorten the length of the second penduluma Iume bit ata time
until the second pendulum is approximately half the length of thefirst.
For each new length record the maximum horizontal displacement of
the second pendulum as it receives energy from the first pendalum.
The initial displacement of the first pendulum should be the same each
time. On graph paper, plot the maximuym horizontal displacement of
the second pendulum vs. the pendulum length.

N
™

Maximum horizontal displacement (c m)

Sample graph is based on data for
horizontal string

DATA FOR HACKSAW BLADE
Length of pendulum 1: 20.0 cm
Initial displacement; 10.0 cm

Length of Maximum .
pendulum 2 -y hor. displ. ) -
(em) .|. . (cm) - - ’ * DATA
233 30 Length of | Initial | Length of | Maximum horizontal
25.5 3.8 TRIAL| pendulum 1}displacement| pendulum 2 displacement
23.3 6.6 ' L1 = "81 = L2 < $2 (max) =
250 | o0 1| 27.1cm| 108eom |58 8em| L3 cm
90 1 &1 2 | Zilem|lo-Ban | 43.30M 25Cm
3 [ 271 cm|l0-BCem| 38-0¢ey 3.8 ent
170 | 84 s i emploBem| 3doem| 45 em
16-3 34 imax) 5 |21 jemlloB8em| 27/ em | 108 Cm .
lb-0" | 9.0 . 6 |21.1Cm |08 em | 23.1em| 5.3 oM
T 727 00mlo8cm | IBHem| 2.5 6w -
a 8 | 271em 1108 Cm | 13.5em k3 CHL
1 - g. ‘
, 10
- ’Q ’ 1 .
L 12 .




EXPERIMENT 23. MECHANICAL RESONANCE

\

NAME

CLASS HOUR

. .
.. Y,

.

, RELATED QUESTIONS AND ACTIVITIES,

1. What is the relationship between the length of the first
pendulum and the lengths of the second pendulum when maximum

energy tranfer is produced?
When the pendulu s are suspended from a horizontal string, both pendulums
are the same length for maximum energy transfer. When the pendulums are

suspended from a hacksaw biade that is fixed at one end, maximum energy
transfer occurs when the pendulum that is closer to the support is a bitlonger

o

~

than the other pendulum

2. Change the length of the first pendulum and repeat the
experiment to determme the maximum amplitude of the second
pendulum as energy |§ received. State the conclusions that you can
draw@)m this observation.

For maximum energy transfer, the length of the second pendulum must be

increased or dec:r'éased in step with‘the first pendulum.

T

3. With the second pendulum set for a length which will produce
meaximum energy transfer, allow it to swing by itself and record its
period of vibration.

[N

How does this period compare with the period of the first pendulum?

Its benod of vibration 1s the same as the period of vibration of the first

pendulum ’

2

4. Although maximum resonance should theoretically bg ob-
served when the two pendulums are the same length, you may have
noticed that your results do not confirm this. One majorreasonisthata
length of the hacksaw blade is vibrating in addition to that of the string
andthe #ndulum bob. Measurethe distances between the fixed end of
the hacksaw blade and the points of suspension of each of the two
pendulums and find the correction factors that must be added to the
lengths of each pendulum to\?ccount for this error.

Correction factor forpendulumtis+_____ cm '* .

Correction factor for pendulum2is+ _—____cm :

5. Set the length of pendulum 1 to 30.0 cm. Using your correction
factors (item 4 above) predict the length of pendulum 2 that will give

maximum resonance with pendulum 1.

L(2) = cm

- 6. Experiment to confirm the prediction recorded in item 5 and

<calculate the percent error if the predicted length and actual length of

pendulum 2 differ when resonance occurs.

% error = .___ ' 95
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EXPERIMENT ¢  SLIDING FRICTION T

NAME . CLASS HOUR:

b

LAB PARTNERS : t DATE '

. . ..
S %ﬂposé T .
Friction retards motion when two objects are in contact. In this It is recommended that students
experiment we shall learn how to measure frictional forces and how to’ work in pairs for this experiment. A* *.
predict them. . considerable amount of work cdn
N also be given as a homg assignment
PROCEDURE if students are lent spring scales or if
they are encouraged to make their
own balances using the techniques
. — - o learned in Experiment 3.

APPARATUS PREPARATION

level table ,

1 board about 1 m long

1 wood block (piece of a 2 by 4)

1 bucket (small plastic food con-
tainer or paper cup)
cup of gravel (6r pebbles, lead
shot, or sand) ’ ;
pulley and clamp
length of string {about 1 m long)
set of weights to be added to the
weight of the block .
1 spring scale

™
-~ o e N -

4 & - i
' 1. Find the frictional force between two pieces of wood by placing
a board ona horizontal table and pulling a small block over itusing the
. . apparatus arrangement showrf in the diagragm. To use this apparatus,
- add gravel slowly to the bucket until it is hgawy enough to cause the
. - block to slide at a tonstant velocity when it is started with a push ofthe .
. finger. Weigh the bucket and the gravel.on a scale to find the force of'
¢ 7* . sliding friction (F1). . : ) /
2. Find the force which is pushing the two surfaces together (F n) "
by weighing tHe small wooden block™1f the surfaces are horizontal, the ..
weight of the upper block is pushing the two blocks together but the
weight of the lower pieck of wood is irrelevant. . & N
. : T ;o
3. Calculate the coefficient of sliding friction (C) between the two, .
_— suhaces using the relationship 9 o
' v . » - .
% - C = FI/FN ) 0} 6!‘ ) - )
- ' . 97 : ' : L ;




V.

’

overcome friction should be light i
. | before any gravel is added to the
bucket. -

affect the calculations.

4 SUGGESTIONS AND TECHNIQUES =
) ~
1. The bucket which provides the force necessary to

2. Thecord which connects the block and thebucket ehould
be strong and light in weight'so thai its weight does not seriously-

.3. Check that the block and the pulley are aligned so that the
’ cprd between them is horizontal.

4. Surfaces are rarely uniform,and the block is likely to catch
on rough spots as it is pulled horizontally. Several truaIs@mght be
necessary to be surre that the motion s most nearly uniform as the
. | block encounters these rough spots.

weight. If sliding occirs |
ucket, substitute a lighter

)

Z

4. Find the coefficient of friction by another technique. With the

cord and buéket"dnsconnected from the apparatus, slovx\ytult the lower
piece of wood until the upper block slides downhill ata uniform speed
when started moving. (S\ee Figure A.) Measure the angle of tilt at which
this occurs. Draw a right triangle on a piece of graph paper, with the
angle of t||t as one of the angles of the triangle Divide the length of the

side opposne the angle of tilt by the length of the base. (See Figure B )

The result of this division is the tangent of the inclination angle and is

edual to the coefficient of friction.

a -
N
~ ) o
> \ .
- Figure A - )
. » Angle of tilt .
Side opposite '
el angle of tilt
Base *
]
@ .
' Figure B N

~

5. Repeat the above procedure using different surfaces, such as

leather on metal, metal onjmetal, and rubber on concrete.

P

" 98

37

L4

>

ST P
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. EXPERIMENT 24. SLIDING FRICTION

$ NAME

CLASS HOUR

DATA

. \ -
. ) %

J Weight of bucket | Weight of gle | !
Type of and gravel, block. of 4friction from angle
JRIAL 1o rtaces &N Ny et fnction.d e of tit dragram
N C = FyFn _ -
1 Fr Fn = C-=

" wood| 052 1w ]o032]11°] o031

2 | o | Obb |2.3] 03 [17°] 03
sy T o7s | k2| 0291k 019

- s v | 082 |34 | 0201 029

Coefficient Angle| Coefficient of

’ . RELATED QUESTIONS AND SUGGESTED ACTIVITIES

. 1. Predict how the force of friction will be affected if the area of
contact is teduced by having the block slide on one of its narrow edges

.instead of on its wide"tface.

It should not make any difference.

-
Fy

~ »

> -~

It actually did make a bilference. An
Try 1t and record your results. Y .

additional 0.05N was needed for the horizontal force with the block on an
edge. Perhaps the side of the block was not as smooth as the face.

[}
®

» w ¢ B

2. How would the motion of the block be affected if the cord that

. is pulling it Is not horizontal?

The angle between the cord and the direction of motion increases as the

block approaches the pulley. This reduces the amouht of force which pujls

- -

?

the block forward. With less force, the block slows down and'srops.

¥

Try it'and record your observations. “This effect Was«"bse”’eng

EMC X ’ _ N i : 99\‘ LN
A /\ . . - _ S

.

If newton scates are not ava/lablé, -
students can measurg masses in
grams and use thg, approximation
that a ¢-g mass weighs 0.01 N.
Although' this approximation has a
2% error, the‘error cancels out when
the'ratio of two weights 1s found.
»

(
) )




.
’

. Component " 3. In the fourth step, the lower piece of wood was tilted until the

of weight block just started sliding down the incline. Then the coefficient of
M'b?'"'(?) ©  friction was found by measurifig two sides of a triangle. Exptain why
friceion(ly, dividing the lengths of two sides of a triangle gives the same result as
dividing the force of friction by the perpendicular force.  *
7 TQe coelficient of friction remains the same, whethe®the block and board are
/ L
~ b
weight — ,iS-chFonent . ) ‘ .
. horizontal or-tilted together. When they are tilted and the weight of the block
vector / ~ “of wejght J . Y J
/ ; v
/ Pushing can just barely overcome the force of shiding friction, the triangle formed by
Surfeces
’ together ‘
(F.i.,) the weight vector, the component overcoming friction, and the component
~pushing the surfaces together IS, similar to the triangle in Fig B, so the raj1e of
\ ' corresponding sides i1s the same

4 Why is 1t necessary to start the block-moving with a smal} push
“. - for each trial? .

There is a static friction force between the stationary surfaces that is greater

than the force of sliding friction betweenasthe.same surfaces

"5. Find the coetficient of friction for other materials and compare
your results with those found in reference books -,

Point out that experimental results seldom agree with thgse in reference

N -
books because of many variables which age difficult to control Some of these

are the variety of tﬁ’e material, the smoothness, humidity conditions, and dust

B

. ‘ 6. Find the coefficient of friction between two pieces of "r'neta'[
when they are dry and when they are lubricated with different kinds of-
motor oil and-6il additives

. Ol additives will be found to make a considerabdle difference in the coefficient

' ) of friction between two,metals This extension of the e)}penment 1s highly
) * ~ motivating and makes an excellent homework assignment
r ’ ﬂ; , ) 4
f " / o -
. s ’
. a ,
£ " - -
V] \
. -
a9 . . )
- 39 .
[ -
&) - 'Y

\ . . P . . 100 .
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EXPERIMENT e. BOYLE'S LAW ) "
. NAME - . ,CLASS HOUR
- . ' Ve
/ B PARTNERS -
‘ LA S . {‘DATE“ > '
' .-
Y
R .
\ . ' PURPOSE . o -
If no external forces are applled to a free gas, the gas will expand This expenment can -be. done by
continuously until its volume becomes infinite. When pressure s students working as individuals or in
applied, however, the volume of gas will be limited toaﬂnlte valueand Pdrs, but preferably not in. larger
a simple expression may be found to relate the pressure and volume if "groups. : ’
the temperature is held constant. This relationship, known as Boyle S The apparatus is very easy {0 mahip-
Law, will be lnvestlgated in thls experiment w.ate and obtaining data presents no
, * * problem. The major difficulty that
— will be experienced i1s that of data
PROCEDURE c processing. To obtain meaningful
: . results in conventional MKS units
\ * -2 -’ reqwres that more than 40 multi-
) plication @nd long dwsion problems
= = s be solved: Since hand calculations
- will driscourage all but the most
N by N dedicated students,” it 1s Strongly
’ e i . recommended that students use
Load b _ ’ . ' : shde rules or slectronic calcula‘rors.
. ’ . .
harness = : « APPARATUS PREPARATION
\2 . .1 Boyle's Law apfparatus, plastic
. \ : . 7 syringe type .
. . N . 1 nngsﬁand anq clamp
Y t ‘ 1 %et standard masses
. » | o (total mass 5 kg or less)
\ Syringe C::ﬂ(—_—/\ >:Q , . . . .
[ : ] ) Several different types of Boyle’s
: Law apparatys are avaifable from
ah \ scientific  supply companies. The
¢ 1 . plastic syringe type, which was de-
. . veloped by Harvard Project Physics,
’ . 1s preferred because it is Inexpen-
- ) d q ﬂﬂﬂﬂ ) ’ . - siye, easy to manipulate, and does
/[ 0\ . not. contain mercury. The potential
. dangers of rifercury poisoning are
T prefsent wher? inevitable spills permit
, . the mercusy to contact the skin,
. ‘<
1 Mountaplastnc syringeonaring sta.nd asshowninthe diagram. ° >
Trap some air in the syringe by placing the piston in the cylinderand * - .
sealing off ‘the lower end. The pressure on the trapped air 1s ghe td -
barometric pressure plus the pressure that is Qxerted by the wenght of ' -
the piston. . .
2. Calculate the pressure exerted by the piston by dividing its
weight (in newtons) by the cross-sectional area of the piston face (in*, * o J '
m2). If the weight of the piston is not kngwn, it can be found with a _ '
balance. To find the area A of the piston face, measare its radius r, and .
use the equation A = r2. : 1 O O .
. ' 101 | . ) " "




If a barometer is not available, the air
pressure may be considered to be

~

2. It is important that the temperature of the trapped air be
kept constant during the experiment. If thk experiment is
prolongéd, check the temperature in the laboratory atintervals to
be sure thatithas notchanged. Be caréful notto warm the syringe
by touching it unnecessarily with your hands. Also, be careful to
make any pressure changes gradually. Rapid changes of |

ressure cause sudden temperature jumps which give undesired

p
L results. J

3. The atmospheric pressure Paln unigs of N/m2 may be ‘ound by

/ SUGGESTIONS AND TECHNIQUES ,
1. If the piston seems tobe stuck, give it a slight twist.

using the equation ¢ S
. o e
Pa= hdg
- ° ‘
where: v
\ h is the height of mercury in a barometer in meters

d isthe density of mercury (1.35 X 10¢ lgg/mi‘)
\g Is the accelerat;oﬁ due to g}a\}lty (9.8 m/sec?)

" 4. Add known weights to the piston one at a time and record the
pressure and the volume of the trapped air as each w.eight Is added.

5. If the apparatus permits, turn the syringe upside down so that
the weight of the piston will tend to reduce the effects of the
atmospheric pressure on the trapped air. Record additional pressure-
volume data with the apparatus in this position®

. » ¢

DATA q/s;:lo"/

“normal’_at-Ge?60-rofercTTy

The value that should be entered
under “piston mass” 1s the mass af

the piston plus the mass of any

additional weights that are added to
the piston.

The total pressure is the sum of the
pressure caused by the weigly of the
piston plus the atmospheric pres-
sure.

-

Radius of piston, r = OO//5Km Area <Lp|ston (TrA) A = 5
/-00x/0

Height of mercury :
in barometer h = MD Barometric }NessurePa:_J\J/m2 .

L

. T Volume |
Piston | Piston | Pressure Total Inverse | Pressure
4 mass | weight | exerted pressure | (cc or Volume{ times
TRIAL | (kg) (N) | by piston | (N/m) f mi) {(mg){ (m') | volume
(Ygggp)x (x10%) ey 1od)| N
m= |W=mg T Pr=Py+ P v= | v=] 1w:]| Piv:
"1 |0.40 [0.98|0.024] 1.0Z [34.7.[342] 2.92] 3.4
2 1020] 2010-048| I.05 | 33.8|1-8/ 2.9b| 3.55
3 1030] 29 [0.070| .07 [33.4334] 2.09] 3.57
4 10.60| 89 |0y | 114 |38 (38344 32
5 10.80| 728 |.O-19 | 1119 | 3V-3|3133.19| 3.72
Le |10l ]0-2b | 1.2 (292|882 342 3.8
7 '|1lbO b | 0-38 LEB W-1|207 3.74| 3-8
s |200[20 .10.48] 148 [242[4209 13]3.5%
o [3.10[{30 |0-731{1-73/20.7]7 4-83] 3.5%
. 102

o . 101




4 EXPERIME*T 25. BOYLE'S LAW
NAME . _ ) CLASS HOUR

> i N T P

7

! : RELATED QUESTIONS AND ACTIVITIES ' :

e - .
1. Make a graph of volume vs. pressure. Plot the data points and
-~ draw a smooth curve connecting the points. Examine the graph and’

try to find a mathematical refationship between the pressure and
volume. How does the volume ¢hange ag the pressure is increased? \,E
i [N . ' 'Q
As the pressure increases, the volume decreases in some sort of inverse \E '
£ 0
. >
relationship. If thé graph is extrapolated to a pressure of 2.0 x 10° N/m?, it can ;;
§ (o]
. . 10
v 2 pe seen that the volume of enclosed air i1s approximately half what it was fora
: pressure of 1.0 x 105 N/m? ' 1
-— = - 60
. 8 . . R 4 . . . ‘
> 2. For each volume that was recorded in the data table, calculate 50
its inverse (1/V) and entek these values in the data table. Then draw a
. N . ' ~
N graph of 1/V vs. pressure. When the points have been plotid, it "fs 4o
should be possible to connéct them with 2 straight line Any A
deviations from a straight.line relationship wer 2 probably caused by | 3,
systematic-experimental errors in opérating th2 apparatus If this s \;
. indicated on your graph analyze your procedure carefully, and try to § 20
pinpoint your sources of error 3
» - > 10}
According to the graph, the errors appear to be,random They were probably a4
- = = = — U %% s .. 20
‘ r:nucpd By mmp shight sticking of the J/sron agfgye:ghrs were added “ Pressure (%105 N/m?)
- .
Y
]
. . 4 R M - L3 . . *‘
? 3. If possnble, fill your syringe wnth agas other than airand repeat  /f a student is especially interested in

the Boyle's Law experiment exactly as-you did it the first time, ~tryng this experiment with different

Compare the results with those obtained for air and account for any = 93585 /7 the syringe, challenge him
/ differences that are observéd or her to adapt the apparatus so thtt
. ’ the gas can be inserted and removed

o0 with attached tubes and valves.
The particular apparatus used could not easily lye filled with a gas other than

‘ - Kl ~
, ‘ air . ' v { J

A
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Aruitoxt provided by Eic:
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~
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4: For each trial, the product of pressure times volume should be
a constant. Calculate this PV constant and enter values in Jthe last
. " column of the data chart. Explain any deviations from trial to trial.

. The values of the PV constant averaged 3,60 N-m and ranged from 3.49103.72
N . :

N-m. The variations appeafed to be random without any special pattérn that
i ‘ . -
could be easijly identitiad. -
* - 1 N
-
N N .
@ . R FEERN
. N
!
[ ) . '




-EXPERIMENT o

CALIBRATING A MERCURY THERMOMETER

CLASS HOUR

DATE

-
.’

&

PURPOSE

An unmarked mercury thermometer will be calibratéd and then used °
as an Instrument to measure temperatures. - N

SPROCEDURE - ;

Unmarked thermometer

\

C%D——— Cellulose tape

v 4

gpercury thermo-
meter, as shown in the diagram. Use a piece of trag@parent cellulose
tape to hold_ the apparatus firmly together.

2. Immerse the’ thermometer bulb in a contamer of ice water.
When the mercury has reached a level that does not change after a
few seconds, mark this level on the card and label it 0° C. This is one
of the fixed points of the thermometer.

'3, Remove the thermometer from the ice water and hold the bulb
just above the surface of a container in which water is vigorously
_boiling. The mercury level will rise, and after a few seconds it will
stabilize. Mark the new Ievel on the thermometer card and labet it
100° C. This is the second fixed point of the thermometer.

105 1,0 4

This exper/ment can be done with
students working yn pairs but it is
advisable for each student to do his
calibratrorfs independently.

APPARATUS PREPARATION
1 uncalibrated thermometer, 10 In-
ches or longer
1 piece of oak tag, approximately
3 inches wide and as long as the
thermometer
« cellulose tape (about 3 cm)
2 beakers
ico wate( (use ice Tubes or cru¥hed
ice)
bailing water
1 metric ruler
1 accurately calibrated thermom-
eter fOr the class to check results

(Jnca//brated thermometers may be
purchased from scientific supply
companies or can be ordered directly
from thermometer manufacturers. ,




-

.

( SUGGESTIONS AND TECHNIQUES .

¢ 1. For the.best results, use an ice-water mixtu:e in which the
ice and water are both pure (distilled or deipnized). Before
immersing the thermometer, stir the mixture to prevent any warm
spots. The boiling wgterzshould alsp be pure for best results.

« 2. Thethermometer may be jostled around if it is immersed
in the boiling water, and it may be hard to read. Holding the bulb
just above the surface of the boiling'water avoids this djfficulty.

3. Check a barometer if one is available on the day this
experiment is being performed. If the air pressure is high (above’
760 mm of mercury) the water will boil at a temperature higher
than 100° C. If the air pressure is below 760 mm of mercury, the
Cverse will be true.

i

4. Measure the distance between the two fixed points on the
thermometer card in millimeters. Plot the two fixed points on a graph
which has the distance in millimeters along the vertical axis and the
temperature in °C along the honzontal axis. Draw; a straight line
between fixed points on the graph . '

5. Place the thermometer on a table for a few mfhutes untﬁ it
reaches room temperature. Measure-the distance of the mercury level
from the zero point on the thermometer card, and using the graph, find
the corresponding temperature. Check this value with a standard room
thermometer gnd determine the error in degrees.

6. Measure the temperatur€ of tap water ckoming froﬂ,the faucet
using both your thermometer and astandardthermometer Enter these
data in the chart and calculate the error in degrees.

7. Measure the temperatures of other objects in the laboratory
using both thermometers and record your data in the chart.

»

" *
DATA
(
L Temperature, Degrees Celsius
Trial Object Standard, Experimental  Errof
.T(S)= T(E) = E-=

1 Room Temperature | 2.3 -5 o017
2 | Tap water Te V111 3.0-

3 |Air Oultdoors | 265 | 210 | 24

4 e

’ .5 ' . .

" 106 » .
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EXPERIMENT 26. CALIBRATING A MERCURY THERMOMETER ) ‘ )

NAME . ' \ / . © CLASS HOUR -

[y

RELA"T;p QUESTIONS AND SUGGESTED ACTIVITIES

1. Using the same unmarked thermometer, calibrate it with a
T fahrenheit scale calling the fixed-point for ice water 32 F and thefixed ~ - -

point for bQiling water 212 F. Divide the distange between these two ,
oo fixed points into 180 Fahrenheit degrees. Try measuring the tempera- .

tures of thg same objects as before but use the Fahrenheitscale. Record .
- your résults. ) .

.

o Object Standard Experimental  Error '

_ Room Temperaure - | 3F 11.9F : O.8°/; . .

C T e Waer 525 L3PF 4% -
Ar Outdoors .~ 195 | 39.5";_ WA

2. A boorly calibrated thermometer with a Fahrenheit scale will
always have a greater number of degrees error, than the same ¢ ¢
thermometer with a celsius scale even if the sark care is taken when

o// " calibrating the thermometer. — - - o )
N

Explain why this must be true -
Degrees on the Fahrenheit scale are only 5/9 as large as those on the Celsius .
scale. ] . ) &/

-

3. ine very act of measuring usually affects ‘the item being - |
measured. In this experiment, how did your thermometer affectthe N

s .

temperature of the liquids belng measured? ;
The thermometer warmed thé cold water but did not affect the boiling . )

water.

v
i - 'Y
3

o>

4. WHat is one improvement that you could incorporate into-a
thermometer that‘would minimize its tendency to® change the
- temperature of the object being measured?

Reduce the mass of the thermometer probe.

. | A g =

-t

e L4
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L “ -

Iy 5. Make and callbrate agdlfferent type ofihermometEr from those ’
% constructed in this experiment. One type that*you mug’ht try is a
' - thermistor thermometer, which can be assembled by connecting a
‘ thermistor and an, ammeter in.series with a dry cell. The ammeter D
measures -the amount of electric current in the circuit. As the !
temperature of the thermistor ‘changes, the current varies. Cahbr:;p :
the thermistor by placing it in ice water and then in steam and record
the ammeter readings atthese two fixed points. Some experimentation__ ..
-~ will be required to determine the correctrange for the ammeterand the .
. ' voltage of the battery that is used. : -

. R T ¢

.108 .
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LINEAR EXPANSION OF A SOLID

NAME.,

r

CLASS HOUR

LAB PARTNERS

. DATE

' -

. PURPOSE
As the temperature of most solids Is increased, thereis a predictable
Increase in Iength which can be used to measure temperatures In this
experiment, several solids will be investigated for these properties and
the coefficients of linear expansion will be determined.
* 4

PROCEDURE

Indicator

LS

_ SUGGESTIONS AND TECHNIQUES )

1 Before doing any experimehté make sure that the knife

edge of the anchor is m the groove scribed about one end of the
pipe. . . . ]

2. If the |nd|cator does not move as the pipe expands and

contracts, check to be sure that the pointer is free to rotateand is

not jammed agalnst the face of the protractor scale

3. Clamp thé rubber tubing to a ring stand or other firm
.. support to be sure that it does not move while the funnel ot the
steam generator is inserted.

4, Put a small amount of hot water in the steam gerterator SO
that it will boil quickly. Do not boil the water until the generatbr
has been connected to the dpparatus. Connecting a steaming
g'enerator to the apparatus may be hazardous.

Fon WL / .

N |
.

-

. 1
X .‘ 1
109

APPARATUS PREPARATION

coefficient-of-linear-expansion ap-

paratus

-funnel gnd rubber tubing

ice walter

steam geperator 5 . .

Bunsen burner

container to catch co_ndensed

steam

2 ringstands and clamps

1 meter stick

1 accurately calibrated thermom-
eter for the class to check results




. i
-
»
“ _ e
N . . .

1» With the gpparatus seét up as shown in the diagram, move the .
: anchor and. the horizontal tupe slowly to the’left & distance of 3 . $
- . ! centimete{i and record the total number of degrees|through which

’ the indicator rotates as the anchor is béing moved. (Remember that .

-

P : - . each complete, circle-is 360 degrees) Divide the 3cent|meter .
! . distance by the number of degrees'to find thehneardlstanpethat is .

’ | 21« 300 associated with one degree of |nd|cator ro*atron . -
4 Dist t = c
" anc,; rod-travele = rrz -2. Adjust the apparatus so that the distance between the anchor
-\ Angle Mdicator rotated = and the indicator at he other end of the pipe is exactly-d meter and
. - 1730 degrees 5@
g note the pos¥ipn of the indicator. Pour between 1 and 2 liters of Ige
Distance per degree » water into the funnel at thé anchored end of the pipe. As water comes
= 3.00 cm out the other end, catch it in a container or allow it to go down a sink.
1730 degrees As the ice water goes through the pipe, the pipe will contract in

/
= 1.73 x 103 cm/deg :

-

)ength Record the posmon of the indicator at its greatest displace-
ent from its oruglnal pasition. -

N 3. Carefully remove-the funneI and connethhe free end of the

» ' Tubber tube to a steam genergior. Boil the water in the steam
generator ahd nofe the position of greatest‘ displacement of -the
indicator when steam’ has gone through the pipe for one or two

_minutes.” -
4. Usihg the ice water and the steam positions of the indicatorat - ’

0° C and 160° C respectively, calculate thé temperature inctease .
associated with each ‘degree of indicator rotation Without jarring the .
apparatue, remove the steam generator and allow.the pipe to come to

- ‘ roomiemperature This should take about 10 minutes. Using the data

that have been recorded, determine the ro;zn temperature and check

-~ Bl this with a standard thérmometer .
" ‘\ -
o y * \\ B
~w 7 DATA
» = * »
' % TRIAL —
] ” ' 1 2 3 .
- - .| Pipe material i Alyningm
Local roem temperature will prob- Indicator position . ‘ éoc
abfy ohange in \tfe laboratory as Lo ' X(0 3 M
steam generators are 0 e?étéd A initia 0).| -
with ice water in pipe X(i) 7°C .
- : I » . -
— with steam in pipe x(s) | 142°%¢
Room temperature
. e
f o
- N from data tiexp) | 21.5¢
L ‘ A - -
4
- from standard thermometer t = °
‘ \ 23
p . ¢
e Error in degrees - E=| 6.54
L3 . ¢ .
LS .

) 10%10




CLASS HOUR

L " ) A - ' N e
. . ) . .
.4 . EXPERIMENT 27. LINEAR EXPANéTON OF A SOLID
»
NAME ) ‘ ’

.

RELATED QUESTthS ANR SUGGESTED nACTIVtTIES
5
*1. Using the data collected calculate the coefficient of linear
expansnon of the metal pipe. This may be done using the equatlon

a=AQ/QoAT .

is the change in length of the pipe as it is heated
(measured in ientimeters)

al
i

is the original length of the pipe (100 centimeters
in this experiment)

¢

is the change in temperature correspondmg to the
. chang; in length A ¢ (measured in °C)

»
. » If the material which makes up the pipe in the apparatus i/s
known! check its coefficient of linear expansion in a reference book .,
and compare it with your results. * .
& - TRIAL s
! - 1 ) 2 3
ﬁame of material N = H L
/ ’ Experimental -5 8
coef. of EXP  a(exp) =  [2.39%10 /é P "
- | Book value a(std) = 1
. , (std) 2.40 no%‘
Percent error E= or |, )
_ 254
o ’ . -

2. |1f other metals or materials are available for use with the
_apparatus, try them, using the same procedure, and record your
" resultd”

}

1s the, coefficient of linear expanswn of the metal
(measured in centimeters per °C per centimeter
length) . .

\ PR

’

For T = 100°C, the indicator rotates
from 7° to 1420, or 135° This cor-
responds to a change n length of
(135 deg)-x (1.73 x 10 cm/deg), or

0.234 Y
]

xX =

AL

L AT

= 0234 cm
(100 cm) (100°C)

LIS ~
=234 x10%/°C

Other handbook values are:

Brass:
Glass:

Iron / .

1.9 x 10%/°C
8.3 x 10-6/°C
1.1 x 10-5/°C




EXPERIMENT e  CALORIMETRY . . ’
< *
3 NAME CLASSHOUR = .
.. <
o / LAB PARTNERS DATE
! ’ g

. - .

PURPOSE K
Each material has a characterlstlc specific heat capacity which can be

<

It 1s much better for students to do

used to predict’ Its temperatuye increase as heat Is supplied to it. In « this experiment working in pairs than

this experiment the specific heag&pacltles of. several common
materials wlill be investigated. .

PROCEDURE

&

4 \

Cover made from lower
— half of a Styrofoam cup

!

! .
‘H’—— Thermometer
1 1
i

b 1

Styrofoam cup

*w -

e

2 .

Cold water

Hot brass

1. Fill a Styrofoah ch half full of cold tap water.,

2. Find the mass of the water in the cup and record this In the

data chart.

‘3. Heat a 50-g brass‘weight for a few mindtes in boiling water or
steam.

4, Measure the temperature of the cold tap water and the
temperature of the boiling water or steam and enter these values in
the data chart. .

5. Remove the brass weight from the boiling water or steam,
shake it to remove any drops of water which might cling to it, and
quickly but carefully lower it into the cold tap water. The hot brass
weight will make the water warmer. When a thermometer indicates
that the temperature has stopped rising and has reached an
equuhbruum value, record the temperature in the data chaﬂ

: 113 111

as individuals. Since the apparatus is
relatively inexpensive, no more than
two students need work on each set-
up.

*
n
APPARATUS PREPARATION
2 Styrofoam cups

thermometer
1 Yple beam balance -
50- ssaweight *

specimens of aluminum, copper,
iron, and other. metals ¥
steam generator '

Bunsen burner

»

Styrofoam cups are much less ex-
pensive than double-wall aluminum
< calorimeters (less than 5¢ versus
over $5.00). Furthermore, because
the Styrbfoam has a negligible mass
and an infinitesimal heat capacity, it
does not have to be considered in
heat exchange calculations. Student
results are usually Better with the
Styrofoam cups because there is less
likelihood of calculation errors in the
data processing.




If*we assume that no but3|de heat sources entered into the reaction,
the amount of fiéat t t was given ‘off by the brass$ should be exactly
equal to the amount " heat received, by the water. Thus,
: - A
N ) - MuwCwATw= MuCoATb. ¥ °

y

Solve- for Cb the specific heat capacity of brass using the above
©  equation ar\?d record this value in the data chart.

7. Repe%he above experiment, using drfferent'brass weights
and different uantities of water: In each case, calculate the specmc
heat.capacity of brass.’ .

8. Substlfute other materials for the brass, such as aluminum,
iron, and lead. In:each case compare your results with the standard
values given in a reference book, and calculate the percentage error.

—e /
’ DATA /
A | , % . |
‘ L ‘ TRIAL °
. L A 3 4
Mass_ of styrofoam cup-+(g) m(e) 50 50| 501 50
Masgs of cup and ., y \ ;
water.(@)  m(s) + mw) | (138|143 1748|195
§ Mass of ‘water (g) omw) [ 138.8 | /363 169-8/40.1
Initial temperature °C) Tw)| 24 | 26 | 24 | 25
3 P
< | Mass(g) . mb)|52.7|565|43.3|1/8.0
] ‘
. 2 | Initial temperature (°C) T(b)| [00 | /100 | 10O | 100
_ Temperature of mixture (°C) T | 2b'| 29 \@ 27
. Spec‘ific heat capacity of metal 2
P {calories/g°C) = c= |00 O"o{ olo O 3
: Standard value (calories/g-°C) ‘
’ ‘ c = | 0-092| 0-093. O-11 |0.214
Peroent error E-= )2.37, 197. Q71057
/ - i -

RELATED QQESTIbNS AND ACTIVITIES

%
/ 1. Compare the specific heat capacity of water with those of the
various metdls which were investigated in this experiment.

" The specific heat capacity of water is between five and ten times higher than

- ' N
that of any of the materials tested. .

- Ay

" hh <

{
. 112 .
114 . !
> - . .
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EXPERIMENT 28."CALORIMETRY.

NAME " ° .

-

" CLASS HOUR

’ ‘ ) £
S . - .

2. Take a hot piece of metal of known specific heat capacity and

* a known qdantity of cold water. Measure the temperatures of each

and predict the temperature of the mixture when they are placed
together. Check your predictions by experiment. '

*1f the predictfons and results Qbtained by each of the s@dents are recorded

. N >
and posted, «pstudems are motivated by the,compemion,Ja'nd the class can

’ - 'y N N4 :
angfyze the techniques which produced the best predictions.

"
<

.

> ( % .
. 3. How could an experiment like this have led early scientists to
believe that heat was an invisible substance called caloric?

When a ho/t metal gives up heat to cold water, making the water hot, it appears

as if the heat i1s a real substance entering and [eaving materials.

3

[}




EXPERIMENT e  CHANGE OF STATE ' Co : S
1 ] b
; NAME ) CLASS HOUR
“ /‘ o . R Py /
AR e .
\ — —/  LAB PARTNERS DATE
C \ . R ) ’
¥ 4
“ p PURPOSE
Energy is required to change the state of water from asolidto a liquid Smcj it 1s not likely that the entire
: or from a liquid to a gas. The amount of energy per gram needed to experiment can be cOmp‘Iered by a
* melt a solid at its melting point is called the heat of fusion and the 7aé;ror,o students d“”"fgi it'jff’)"z
amount of energy per gram needed to boil a liquid at its boiling point haave ame"; ffj:ﬁ,?g v’; g;‘k lnggrou;s of
is called the heat of vaporization. The heats of fusion and vaporization ;o,, v,th'one pair finding the heat of
for water wilt be measured in this experiment. fusion while the other finds the heat
. of vaporization. The concepts that
. ‘ underlie each of these two exercises
A. HEAT OF FUSION . are very similar and.it might be better
. .- , ) ) . to have sach student repeat his
experiment several times to refine
. PROCEDURE : techniques 3hd procedures rather
\ than do both halves of the exper:-
ment himself .
e ‘ )
APPARATUS PREPARATION
' \ ‘ '2 Styrofoam cups
. . 1 thermometer
.7 ' 1 triple beam balance
" ice cubes or chunks of ice
o . , » »
e Cover . )
Thermometer
- 2N ! '
. . Styrofoam cup
] Water 4
Ice ,
~ LY
Ll < ¢ : ¢
.
ra
.- . The heat of fusion of water is found by placing a melting ice cube !
in a cup of warm water and allowing it to meit completely Then the
water from the melted ice I1s mixed with the warm water until an
o equilibrium temperature has been reached. The heat of fusion of ice is A
calculated from measurements of the masses of the ice and warm
water and their respective initial and final temperatures. .

1, Poygabout 200 grams of hot water (30°C to 40°C) into a
Styrofoam cup. Record the mass of the water and its temperature in
the data chart.

; 117 114
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3 .cup and the laboratonk add extra insulation by using two or

1. Hot water from a faucet may be used if it is available. If
not, prepare the hot water by heating it in the laboratory.

2. An ice cube or a large chunk of ice is preferable to
crushed ice because it is easier to remove all of the surface water
with a towel at the beginning of the experiment.

3. The ice should be melting'to insure that it is at-0°C. If it
were not melting, it might be below 0°C and you would have to
acgount for the heat needed to bring it up to 0°C-

4. Measu‘re the temperature of the warm water just before
the ice is dropped in. If it is measured too far in advance, there is
a possibility that it may have cooled somewhat before-the
experiment Starts.

5. To further minimijze conductlon between the water in the

a SUGGESTIONS AND TECHNIQUES .

Q\ree Styréfoam cups, one inside the other. J

2. Take a meltihg ice cube and dry its surface thoroughly, using
cloth or paper towels. Before it Qas had a chance to melt again, drop
the ice into the Styrofoam cup with the warm water.

3. Put a cover on the Styrofoam cup to minimize any heat

. exchanges with the air in the laboratory. Then, with the aid of a long

thermometer which extends through a small hole in the cover, gently

stir the rpfxture until the ice melts completely and the water inside the

cup reaches an equilibri[:m temperature. Record this equilibrium
« temperature in the data chart.

4. Find the mass ot ice which was originally put into the cup. This
can be done by comparing the mass of water in the cup at the end of
the experiment with the mass that was recorded before the ice was
dropped in. S .

. 5. Calculate the heat of fusxon of the ice with the aid of the
foﬂowmg equations: .
»

heat received by ice during = heat given off
and after melting by hot water

mlHi*‘mch(T?—Tc) = thw(Ti—Tn)
where: m, is the mass of ice N
Ht is the heat of fusion

mc is the mass of the cold water from
1 the melted ice ( = m,)

Cw is the specific heat of water
( = 1 cai/g-°C)

T. isthe temperature of the cold
@om the melted ice
mn is the mass of the hot water

Twn is the temperature of the hot * ) )
water d

Tt is the final temperature of the mixture
: ’ N,

118
115

-
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[EXPERIMENT 29. CHANGE OF STATE
' -

] .; Steam generator

-Styrofoam cup

119"

NAME | / CLASS HOUR
‘ Y
) 6. The accepted valle of the heat of fusion of water is 79.7
" caloriés per gram. Compare your value to the accepted value and |
calculate your percentage .error. R !
> DATA -
TRIAL .
’ 1 2 3 When two students are working to-
gether on this experiment, they can
Mass of Styrofoam cup (g) m(s) = 50 5.0 - 50 take turns operating the apparatus
v ~f 7 . and doing the calculations
_ | Mass of cup an . -
% water () m(s) + m(w) = 174.5 | 284.0 285.0 (3
.Z Mass of water (g) mw) =| |6R. 5| 279.0(280.0| .
2 L
Initial temperature (°C) To = 45 H2. 45 ;?-:/
o | Mass (g) mi={14.7 | 250]290 ey
O
“Initial temperature (°C) Te = . ®) O d)
o | Mass of cup and *2]
2 | water (g) m(s) + m(w) = 189.2| 309.0 ‘3HO
S | Final temperature (°C) Tt = 31.’ 32 24
“Heat af fusion (cal/g) H=| 928 | 7190 | 12-2
Standard value (calories/g) H: = 7q 71 79.7 7C]7
Percent error E=|{ 1b% | 0% | 94 :
B. HEAT OF VAPORIZATION %
PROCEDURE -
ﬁ,_,_.-— T_hermometer -

APPARATUS PREPARATION
2 Styrofoam cups
1 thermometer
1 triple beam balance
steam generator
steam trap and rubber- tubing
Bunsen burner
pair of tongs




- . . ‘. ->

L . SUGGESTIONS AND TECHNIQUES w

1. Be sure to keep the laboratory tables free of textbooks
» and articles of clothing while doing this experiment. Puddles of
water are likely to collect on the table due to unavoidable
spillage and condensation of steam.

2. Water that condenses in the rdbber tubing will accumu-
. | late in the trap during the experiment. If this trap should b;come
Y fyll, shut off the steam generator and empty the trap before
proceeding. ,

3. When setting up the apparatus, use as short a length of
rubber tubing as possible at the'end of the trap. Any water that
collects in this section of tubing will affect the results of the
experiment.

4. For optimum resuits, note the difference in temperature
between the cold water and room temperature before the steam
1s added. Continue adding the steam until the temperature of the
water has risen above the room temperature by this ar'nount.

- NG e

The heat of vaporization of water ts found by passing a quantity of
Steam into a cup of cold water. As the steam condenses in the cold
water, the temperaturé of the water rises. The heat of vaporization can

) . be calculated from measurements of the changes of temperature of
the steam and the cold water and their respective masses.

1. Heat some water In a steam generator, such as the one shown
in the diagram. Attach a rubber delivery tube and a water trap at the
outlet. . ¢

2. Pour approximately 200 grams of cold tap water into a
Styrofoam cup. Record the exact mass and temperature of the water
r] In the data chart. >

. : 3. When the water in the steam generator is boiling vigorously
and a steady flow of steamsis coming out of the rubber tube, grab the
end of the rubber tube with a pair of tongs and insert it into the cold

water. ”/

4, Monitor ¥he temperature of the water 1n the Styrofoam cup
with a thermometer. When the temperature of the water has increased
by about 30°C, remove the rubber tube.

5. Record the temperature of the water in the Styrofoam cup and
also the mass of the water. Calculate the mass of the steam by
-] ) comparing the mass of water at the end of the experiment with the

mass that was recorded at the beginning.

1]
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EXPERIMENT 29. CHANGE OF STATE -

" NAME . CLASS HOUR

- ”~
’ .

6. Calculate the heat of vaporization of the water using the
following reIat|onsh:p<

heat given off by steam durmg heat received by
and after condensation cold water

MHy e MnCo (T()=T(N)) ="M cCw(Ti—To)

, ~ ¢

where
m s the mass of the steam’

H., s the heat of vaporization .

Mnr s the mass of hot water from the
' ) condensed steam (7 m)

cw« s the specific heat of water
(= 1 cal/g—°C)

Tn s theinitial temperature of the hot water
from the Codensed steam ) . '

mc 1s the‘mass of the cold water from the melted ice

Tc is the initial temperature change of the cold water
from the melted ice

T+ s the final temperature of the mixture .

7. The accepted;value of the heat of vaporization of waterhs 540
caloriee per gram. Compare your value to the accepted value and
calculate your percentage error.

‘ \ DATA ‘TRIAL - t
1 2 3
Mass of Styrofoam cup (g) ..m@® | 5.0
= | Mass of cup and water (g)
[ . .
g mis) + mw) 130-4 )
© |Mass of water (g) mw)125.4
1 8 Initial temperature (°C) Th 13.Q -
(E‘3 Mass (g) ‘ mi 3.7 - ‘
Q 0 = -
n Initial temperature (°C)  Tn | |00 <
. Mass of cup an’d water (g) N .
2 M) + w | (171 ' -
% v :
S | Final temperature °C) T(f)|{ 7%.0
] Heat of vapornization (calories/g) H(v) | §2.7 .
Standard value (calories/g) HWv) | §40 o .
Percent error JE= | 24Y

El{llC ) 121 118
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RELATED QUESTIONS AND SUGGESTED ACTIVITIES . /

1. In measuring the heat of fusion of water, why is it necessary to
‘ wait until the end of the experiment before measuring the mass of the
ice?

, . ’ L~
If the mass of.ice were measured before the mixing occurs, some of the ice

. * might melt in the weighing process. Thus, r};e mass of the ice that was used in

¥

the experiment would be different from the mass of ice that was measured.

—_—

’

2. Why would it be di‘jficult'to‘measure the heat of fusion of water
/ using a large chunk of ice and a small amouht of warm water?

« The water would cool to 0°C before all the ice had melted. It would be ver}; v

difficult under practical conditions to tell precisely how much ice remained.

-

3. What precautions were taken during these experiments to
minimize the effects of heat transfer to and from the surrounding air
¢ *in the room?

-

. ¥
1 The calorimeter was covered duririg the mixing.

2 Double cups were used to give added thickness of insulation

3 Calorimeter openings for inspection purposes were minimized.

4. What techniques or changes in the design of the apparatus
would you suggest to minimize your error and tome closer to the

accepted values?
1 Use a thermometer with a very small heat capacity, such as a thermistor
type thermometer.

. . 2. Use a dehydration system to keep the ice dry until the instant before’
mixing. -

5. At home design and build an apparatus incorporating the .
suggestions that yourhave made in the question above and perform
- ' the experiment as carefully and precisely as you can. Summarize the
ot _effectiveness of your improved apparatus and techniques. ’

V4

119

. 4
ERIC# 122 . p

|
i
1




- - v
T . )
, | ) )
. ’ ,
. .o .

—— 7 NAME ' ' CLASS HOUR

N . TR , - L
\ —/  LAB PARTNERS' " DATE :
f ) . ¢ - ’
" PURPOSE j

in this experiment some of ihe basic characteristics of waves and the This experiment should be done by a ot

underlying concepts of wave motion will be investigated by observing 9roup of two or three students. There

6 is too much manipulation for one;;

waves on a C s . , - a2

a coiled spring 5o student working dlone. N

i ?\ ‘gi - N . i
) PROCEDURE - o -
. £l ‘ ¢ ! .. r,"_ .

APPARATUS PREPARATION - .7 -
. . - Twotypes of coiled spring are*avail-" %
Table top . ; ) able f(om scientific supply com- -

panies. One is a helical spring made
of steel, sometimes called a “slinky.” -
To be effective in the lab, it is
important to get an extra long.spring
. of.this type, called a “double slinky.”
The other type’of spring is a coiled ’
. brass spring about 13 mm in diam-
eter and 2 m long when unstretched.
_It can be stretchred as much as 10 m
. without damaging the spring. Both
1 above floor types of springs should be made

Rod or taut cable near ceiling— .
l may be fastened to wall or ceiling l available to students.
o ‘/ . : : .
- — \I\. T ’ 1 “double shinky” .
Sliding * } ) 1 brass spring, as.described above .

supports for springs
stap watch
meter stick

| rings

Ring stand and clamp

' « | ] .‘
- ‘ 5
(. . n -
= -«
1. Suspend a long coiled spring from an overhead support or :
from the edge of a laboratory table, as shown in the diagram. It is . -,

important that the support.be securely fastened at the ends. If an
overhead wire 1s used for the support, it should be made as taut as
possible with,the aid of a turnbuckle at ond end. If overhead strings

are used for suspending the apparatus, they should be at least 2 m . .
long and should be spread at even intervals along the length of the ’ -
spring. Stretch the spring by attaching the ends to supports, using a / ’

strong cord at each end.’ If an overhead support is used, the cord
should be at least 1 m long. '
¢

.



SUGGEST!ONS AND TECHNIQUES \

1..If the couled spring |s®ended properly, the waves e}d
“pulses will continue for a long time-after they have been started.
To'stop them hold a large piece of cardboard lightly against the
coils so that there will be a small amount of friction each time the
wave passes. This will help stop the motion of the spring when
desired. : 2

2. Be very careful W|th a long spnng and avoid makmg
especiafly large waves or pulses that mlght cause the spring to -
.twist up upon itself.-Once a lonyg spring becomes twisted, it is
very difficult and sometimes impossible to straighten out agaiy

2. Starta traﬁsyerse pulse at one end of the'spring by pulling the
spring a few centimeters to one side and allowing it to snap back into
place. After the spring has come to rest, repeat this procedure severdl
times while closely observing the movements of the spring. Record
your observatlons . - .

The pulse travefed down the length of the spring. It was reflected back and

forth severai times, becoming weaker with each reffection until 1t finally -

‘\stopped.

Pl

{ : —— =
3. Move one end of the spring a short distance’ to one side and
low the spring to-snap back fo its eriginal position, starting a
ransverse pulse. Repeat this procedure several more times, increas--
ing the displacement each time. As the displacements are increased,
what happens to the agwunt of energy received at the distant end of
the spring?

As the initial energy 1s increased, the pdlse lasts longer before dying out after

L]

multiple reflections. i

4. Clamp the distant end of the spring or have your laboratory
partner hold it firmly so that it cannot move. Observe the reflection of
a transverse pulse that takes p#ice from the end of the spring that is
clamped. Compare this with the reflection that occurs when the
distant end of the spring is free to move. In which instance Is the
reflected pulse inverted? §,

The pulse is inverted upon reflectioh when the end is*clamped.

5. Atone end of the spring, gather a few coils of wire together to
form a compression. Release the spring and describe the motions of
the wire as a longitudinal pulse travels down its length.

The compression moves, down the spring in much the same-manner as the

transverse pulse. ) 1
k-
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EXPERIMENT 30. WAVES ON A COILED SPRING

ends.

7. Tie a piece of colored string to ore of the coils near the center
of the spring and describe its movements (1) as a transverse pulse
and (2) as a longitudinal pulse is sent down the spring.

As a transverse pulse passes, the string vibrates from side to side. As a

longitudinal pulse passes, the string vibrates back and forth in the direction of

tf;e pulse.

gy

v

8. Find the spows of a transverse pulse by displacing a few coils
at one end of the spring a small distance to the side and then
releasing the colls. After the pulse has travelled back and forth several =
times, record the total distance that the pulse travelled and the total
time in row 1 of the data chart. Do a second trial and record the
distance-time data in-row 2. Divide distance by time and record the
speed at the bottom of each column

9. Find the speed of a longitudinal pulse by squeezing a few coils

at one end of the spring together and then releasing them. Record the
distance-time data and speed of the puise in rows 3 and 4 of the data

chart

i

10 , Using either a transverse or a longitudinal pulse, experiment
to find the speed of a small amplitude pulse and that of a large
amplitude pulse on the same spring. Record these time-distance data

in columns 5 through 8 of the data chart™

I. SPEED OF PULSES

3

Transverse Longitﬁdina‘l An?g::gde Anl;;{i?sde
TRIAL 1 23 ]a]s[6 7 ]ce8

Dista " |
Fretorsy - |18:028-0/28.0|28.0(28.0| 280 180 280
N LA R R Ho.0| 483|453 |41 T4e.3
sec = :
Speed ST(.59| #4770 .58 58|57 |58
(m/sec) v = '

NAME . - CLASS HOUR
) - .
!
+ 6. Stretch one end of the spring by pulhng several couls'é'part
. Allow the cbifs to snap back to their original position aqd desc?‘ibe the’ :
expansion (or rarefaction) pulse which travels down the spring.
The’expan:’on travels down the length of the spring and Is reflected at the
— . a

The pulse travels too fast for the

students to time over a single length

of the spring. For best results, stu-
dents should time the pulse over,

. say, 20 reflections. .

-



g . R . - -
r ) 7 N
o ' . 11. Move one end of the spring from side to side in'an even series
° In"doing this exercise, it 1s important  of motions to start a train of pulses, or a wave, going down the spring
, - thatthe tensfen of the'ﬁpf'ng beheld  Therreflected pulses from the far end of the spring combine with the
/ constant when measuring the veloc- ncoming pulses to form a standing wave which has nodes—places on
ity by the. two d:ﬂeref;t’ techniques "$he spring where there is no vibration. When a standung wave has
The greatest source of error will be been established, measure the distance between twe adj jacent nodes.
_ the measurement between adjacent Calculate l\e wavelength by doubling the alstance between the two
nodes unless students invent a  adjacent nodes. When the wavelength is multiplied by the frequency

technique of accufately measuring  (number of times per. second that the spring is moved from side to
these distances while the spnng isin

motio _ side) the product will be the speed of the wave Enter the data and
) 1on- " calculations in data chart II. .
. ‘ , S \
¢ Il. SPEED OF WAVES
! ) / *
J
. ° < TRIAL |
v . , 1 2 3
) ' Frequency Z < N
) | (pulses per sec) F= | 3. - '
Distance between
? nodes (meters) = X = Oq -
Wavelength - 8
6 L = 2X (meters) L= ‘
Speed ., .
¢ v=FL (m/sec) - V= . 58
. — .
r
a ‘ . (-
, - ® , RELATED QUESTIONS AND-SUGGESTED ACTIVITIES .
- ! - 1. Compare the speeds at which a transverse pulse and a
. ) | Iongntudmal pulse travel through a long coiled spring. '
T T, T A transverse pulse travels more slowly than a Iong:tudm"pulse . Y
4 ,A;;"h )
§§ k:,j ? li:'*s , » . ’ -
! . ~
. ‘.‘ - )
- ‘ ) ' ~ 2. Compare tr;e spéec; dVa large-amplitude pulse with that of a .
. small-amplitude pulse.’ v X *
- Both travel at the same rate. . ) .
- L . ~
; v ‘ ! . - -
- ) ‘ 4 ’
‘l /[ " 123
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EXPERIMENT 30. WAVES ON A COILED SPRING ‘ ~
) p .

NAME . . ' CLASS HOUR
* )
- . . ‘ ‘
R . € i
3. Fasten together two coil springs of different diameter to make s '
e one long spring. Predict what will happen as a pulse from seither 1

disgction comes to the boundary between the twoinrings.

The pulse will change speed as it crosses the boundary and is transmitted to

.~

the spring on the other sidé.

%

* v

The pulse does change speed in
P 9¢ sp It may be difficult to see the reflected

going lrorrg one spring to the othér. Part of thg pﬂU/ie is reflected at the Z ‘;’;e'a /ZJ h‘{; s(;rrllgv ’;% ap:gsaeyi;rrag::‘

* » \ the reflected pulse will be upside-

boundary and travels back toward the original end. X down: if it travels from a heavier to a

/ e lighter spring, the reflected pulse will
be right-side-up.

Try it and record your observations.

. 4 Predict what will happen on a coiled spring when two pulses,
. started simultanpeously at opposite ends of the spring, meet near the

center.
',' When they méet, the energies of each bulse will add to the othgr, making a =

much higher pulse.

. 1 4
Try it and record your observations.

’

a higher pulse s formed. Afterwards, the two pulses continue on their way,

T

as if noth:n‘a“had happened.

E
The instant that the pulses meet,
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EXPERIMENT e WAVES IN A RIPPLE TANK ‘ _ ' -
* *
NAME" , " CLASS HOUR'
LAB PARTNERS. © DATE.
. - - S . /
. PURPOSE
A ripple tank permits you to observe water waves in two dimensions .
on a projection screen. These observations are directly applicable to_
. phenomena associated with invisible waves, such as the electro-’ ‘
magnetic waves, which will be studied later. ) -
" .
PROCEDURE APPARATUS PREPARATION ~
= . ) ripple tank
electric wave generator
b white paper screen
stop watch -
‘ ‘ Straight filament ‘ ) meler stick
W) —— Straignt . hand- ted stroboscope
# 50-watt or 100-watt and-operated siro P
Clear lamp ’ Straight filament bujbs are supplied
. with the ripple tanks. When a bulb
burns out, be sure tg replace’it with
the ggme type bulb or it might be
*impossible to focus the wave pat-
terns on the screen..
The ripple tank is an excellent device
for developing qualitative concepts
Ripple -] of wave phenomena. If possible, try
tank A o0 keep two or ihree ripple tanks set
in the corner of thf lab for a
< onth or two. In addition to this
xperiment, the ripple tank is also
called forin the three experiments on
reflection, refraction, and diffraction
White paper | which follow. .
| screen on floor ) -
-4 »
*
’ 1. Set up a ripple tank as shown in the diagram. Fill the tank with ’
water to a depth of 7 mm. Wet the sides of the tank where the water : .
- - touches them by running a wet finger along them. Fix the leveling :

instruments so that the tank is perfectly level and the water depth is

¢ the same evgrywhere.
. 2. Start a pulse by dipping your finger in the center of the tank.

Float some small pieces of cork on the water and describe the motion

of each puece of cork as the pulse passes by.

L Each p/ece of cork bobs up and down as the pulse passes, but it stays in the %

same location in the tank that it had before the arrival of the pulse.

- <

. 11)’-- .
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“(5) It will be very ditficult for stu-
dents to measure the distance be-
tween waves on the screen td within
tenths of :femimeler, It 1s much
‘easier 10 Measure the distance he-
tween & waves and then divide by tive
to find the wavelength with good

prec&b/on

A stroboscgpe with 6 sNits was used.
The strobe rate was found by count-

- ing the number of yotations in & 15-.

sec interval and multiplying the re-
sulting number of rotations per sec
Qy 6 slits/rotation’

[1

(20 rot) (6 sMs - Sshts
(15 sec) sec
(40 rot) slits _shts.
(15 sec) 6 rol )= 16" goc
(60 rot) shts shts
(15 sec) (6 rot ) =24 o

The actual wavelength s 3.1 cm This+

appears when 8 siits pass the eye per
second. When 16 shits pass th& eye
per second; students- are deceived
into thinRing that, the distance be-
tween waves has shortened by one
half. This is an optical illusiomeaused

by the persistence of the image of the™

ves at one instant while the viewer
1s seeing the waves one-half period

later. As, the strobe frequency is’

increased, morerand more immediate
positions of the waves are observed

4

(N ‘ s
3. Start a pulse by dipping your finger in the center of t39 tank

and note the shape of the wave as it spreads out from the center. What
daes this indicate about the speed of the pulse jn each diréction?

The pulsé spreads out in a circle. This indicates that the speed is the same In

all directions along the surface of the water.

»

" 4 Set up the electric wave generator at the edge of the tank so
tﬁat a bead is au%atncally dipped into the water at regular intervals
to produce a series of circular waves. Adjust the height of the Iamp
above the tank to make the image of these waves on the screen
bEneath the tank as clear as possible. :

5. Place a meter stick on the screen to measure the wavelength of
the waves being produced. Look at the screen through a hand-held
rotatlr?g stroboscope. Change the rate at which the stroboscope is
.being rotated and notice that there are several different rates of
rotation that make the wavdks on the screen appear to be standing still.
Starting with the slowest rate which "stops” the waves, record the
strobe rate and the wavelength in the data chart. How to measure the
strobe rate is explained under Suggestions and Techniques, Repeat
this procedure for‘each of the faster strobe speeds which "stop” the
action. Notice that the distance between successive waves appears to
become progressively shorter as the stroboscope is turned faster and
faster. The longest distance between waves that is observed is the
actual wavelength of the water waves. Measure this wavelength with
the aid of the meterstick on the screen and alsg measure the apparent
wavelengths of the waves when the stroboscope is rotated at faster
rates.

... STROBOSCOPE CALIBRATION

A

No of Shits per Second Actual or Apparent

4 TRIAL Passing. the Eye Wavelength (cm)
N = L=
41 g - 3ictm
2 o ~ )b tm

3 2.4 .O oL

N

6. Adjust the wave generator so that it makes waves of greaier

* frequency. Measure th© frequency as follows. Rotate the stroboscope

at different rates until you find the fastest rate at which the
wavelength of the waves still appears as the actual wavelength when
viewed through the stroboscope, and not any shorter. At this strobe
rate, the number of slits passing your eye per second is equal to the
frequency of the wave in hertz, because you are catching a ghmpse Ofi

12 130 ~
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EXPERIMENT 30. WAVES ON A COILED SéRlNG

?

NAME . . _ CLASS HOUR

the wave exactly once per period. Record both the frequency and the,

y wavelength of the wave. Repeat for several different frequencies as
the wave generator is adjusted. Record all the frequencies and
corresponding wavelengths in the data chart.

) . SUGGESTIONS AND TECHNIQUES * :

. 4 1. Most commercial ripple tanks have sloping edges to
dissipate the energy of the water waveés. If your tank does not ~
have sloping edges, and unwanted reflections are a problem,
make an artificial beach by placing some wire mesh around the
edges of the water, and cover the mesh with some cotfon gauze.

-+ 2 Make sure that thevkgs of your ripple tank are tight in
thewr sockets. If they are not, the tank may start vibrating and
generate distracting waves. sy

3. The images of the waves that are seen on the screen of
! the ripple tank will probably be a bit larger than the actual waves
themselves. You can determine the scaling factor by placing an
object of known length at the level of the water and measuring .
54 the len§th of the image that is cast on the screen below You may .
wish to take this scaling factor into account when measuring the
actual wavelength of water waves.

-+ 4, When using a stroboscope, it I1s a good idea to work witha
laboratory partner who can verify each of the measurements and
help with the stroboscope timing. While one of you looks through
_| the stroboscope and rotates it at a rate that."freezes” the motion
' of the wave® the other can use a watch tordetermine the
. strobbscope rotation rate (number of complete rotations per
second). The number of slits per second passing the eye equals
the number of slits on the stroboscope times the number of
complete rotations per second. -

5. 'When a ripple tank Js first filled, small air bubbles
sometimes cling to the glass, making visibility difficult. These
bubbles are easily removed by agitating the water.

_ 6. Most of the commercial wave generators are made to : -
vibrate by means of an off-axis weight attached to the rotating
agmature. The vibration amplitude may be adjusted by moving . .
this weight closer to or further away from the center of rotation.
If it is too far off center, the wave generator may not vibrate at all.

" 7. To start the wave generator it is ‘often necessary to ' ' .
connect the electricity and rotate the motor axis with your hand. '

. CAUTION: \ .
Be sure\tkhat the generator motor is opgrating whep-
ever the electricity is turned on. If electricity 1s
allowed to be left on when the motor is still, there will
be large amounts of current in the motor which will .

\ cause overheating and damage the motor winding. Y,
o ~ . L R
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. WAVELET&GTH VS. FREQUENCY d
Frequeficy Wavelength
TRIAL (Hz) (cm)
F - L=

1 8 3

2" 10 . 2.5
3 12 2.0
4 14 . 1.8
5 b .5
6 ) [-4

State the relationship between the frequency of a wave and the
wavelength.

*

The wavelength varies inversely with the frequency.

c ¥

\V/

7. Fill the tank to a depth 6f 10 mm. Place a large square of glass
in the tank and support it with washers so the depth of the water
above the top of the glass is only 1 mm. Start the wave generator and
using the stroboscope, measure the frequency and wavelength in
both deep and ,shallowéwater Record your results in the data table. '

Ill. SPEED VS. DEPTH OF WATER

Frequency Wavelength Speed
_ (Hz {cm) (cm/sec)
' - | F= L= V=FL
R / Deep water D 8 3. 25
— 4
' } Shallow water S 8 2b . 7\

7

Do your measurements support the principle that water waves
travel more slowly in shallow water thanxin* deep water? Explain.

In Heep water the waves moved 4 cm/sec faster than in the shallow water.

’ 128@2 )
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EXPERIMENT 31, WAVES IN A RIPPLE TANK

NAME

CLASS HOUR

RELATED QUESTIONS AND SUGGESTED ACTIVITIES

1. Generate a wave of straight pulses in the ripple tank and place
a long paraffin block at the distant end of the tank to reflect the wave
back toward the source. The reflected wave will combine with the
ingoming wave to produce a standing wave. Measure the wavelength-
of the standing wave, and find the frequency #)f the wave generator,
wsing a stroboscope. Calculate the wave speed by multiplying the
frequehcy by the wavelength and check this value with speed
measufements that you have made by other methods.

~—7

2 When the water in the center of a ripple tank i1s disturbed. a
circular pulse spreads out from the center of the disturbance Predict
hqw the height of the pulse will change as the pulse spreads out, and
devise an experiment to check your predictions ,

As the puise spreads out, the energy is dispersed over a greater distance. so

the he/gHt of the pulse should decrease (Actual measurement of the pulse

hé/ght at various distances from the center is a fair challenge to student

ingenuity )

. 3. The spee?o\f“a water wave varies with the depth of the water
Set up an experiment to determine the relationship between the wave
speed and the water depth and record your results below. (HINT-
Keep the frequency constant, as the wave speed also varies with
frequency even in water of constant depth) X

1

Water depth Wavelength Frequency Speed
TRIAL
{meters) meters Waves per sec.yV = FL(cm/sec)
D= L= F= V=
1 -
2
- -3 - - = -

Calcwdations by the two methods
should agree within 20% It is very
difficult to,make more precise meas-
urements with a ripple tank.

.

Encourage ingenuity on the part of
any students who are able to use
unusual techmques to measure the

T~

~

'

pulse height

Such encouragement will be remem-
bered long after the theories and

formulas are forgotten

No meamngful sample data for this
open-ended experniment 1s available.
According to classical hydrodynam-
ics, the speed of a water wave in
water whose depth does not exceed
half a wavelength is given by the
equation:

where

v =V gh

v 1s the speed

g i1s the acceleration

of gravity

Y

Y

h 1s the water depth

/

i




EXPERIMENTe  REFLECTION_

NAME CLASS HOUR

' m 7 :

/  LAB PARTNERS ~ DATE .
/ N ‘
PURPOSE

Reflections occur when waves encounter the boundary betweentwo /¢ /s recommended that students
media. The principais of reflection are the same for all waves. Inthis  perform this experiment in pairs:
experiment you will be given an opportunity ‘to invest!gate the

_ similarities in reflection behavior of several different kinds of waves. The concepts of physics which are
. - ’ involved in the reflection of waves

are easy for students to grasp. Un-

, PROCEDURE less one wishes to delve more deeply
. & into the nature of surface laysers at
. which reflections occur, the tasks
A. REFLECTION OF WATER WAVES ) should not present any difficulty for
= the average student.

Rubber tubing ’ !

Straight waves ,
Even if all the suggested apparatus is

available, you gught wish to” have
each group of stugBnts do only one
part of the gxpgrnment and then
share their notes and data with the
Ripple tank Others The most important outcome
of this experiment is for students to
see that water waves, light waves,
and microwaves undergo reflections
in a similar Manner

]

°

g
'

1. Fill a ripple tank with water to a depth of 7 mm, level the tank. .
and adjust the overhead’lamp so that the waves that are projected on

the screen are clear and sharp. -APPARATUS PREPARATION
ripgle tank .
2. Connect the wave generator to produce a series of stra@ht wave generator .

waves that are approximately 3 cm apart., a 30-cm length of rubber tubing .
3. At the far end of the tank, place a length of rubberubing in the + Weights to hold tubing in position

water to act as a barrier and reflect the waves. Start with the barrier white paper screen

parallel to the wave :fronts. Slowly change the angle bgtwéen the ;’ra(;zracmr

barrier and the wave fronts and observe the change of difection that P

takes place in the reflected waves. Record your observations. ’

As the angle between the barrier and theincoming wavefronts is made greater, \

the angle between the incoming and reflected wavefronts also becomes

grealer. ,””

—
(.3

© » 7 135 1:30 /
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f SUGGESTIONS AND TECHNIQUES \

EE 1. Refer to the manufacturer’s instructions for specific
procedures that are necessary to set-up a njcrowave set or a
. laser. .

2. A suitable reflector for microwaves may be either a large
silvered mirror, a sheet metal plate, or a large sheet of aluminum
wrapping foil stapled to a flat sheet of cardboard for rigidity.

3. When using a laser, be very careful that the light never

- enters your eyes or the eyes of anyone in the laboratory.
4. Shut off the electric power to all the apparatus when it is
* not in actual use. This will extend the life of the equipment and

' \minimize any risk of acciQents. ‘/

. -
. ]

4. With straight waves approaching the rubber tubing barrier at .
the far end of the tank, bend the rubber tubing into a parabolic shape
N so the reflected waves are focused at a sharp point near the center of
. the ripple tank. Use some weights to hold the rubber tubing in this
position, and mark the location of the focal point on the screen below
the tank. '
5. Shut off the wave generator and predict how waves will be
refiected from the parabolic barrier when you dip your finger into the
- tank at the focal point. Try this and tell whether or not your
predictions have been verified.

The reverse ought to occur—that is, the reflected waves should be straight.

When observed on a ripple tank, approximately straight reflected waves were

detected.

B. REFLECTION OF LIGHT WAVES

-

APPARATUS PREPARATION
glasg’mirror, about 10 cm by 10cm
blofk of wood or books
she¢et of note paper
cargboard or soft wood to fit under

papgr — Mirror
4 straight pins 'y
protractor
— Paper

1. Place a sheet of note paper on a table with a piece of
cardboard or soft wood beneath the paper for a backing. Set a small

- 4
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EXPERIMENT 32. REFLECTION

L

NAME T <

CLASS HOL;!R

’ .

hand mirror upright on the paper and support it in this position with
sofne books or a large block of wood.

2. Qutline the bottom of the mirror on the paper. Draw a straight
lin§ to represent a ray of light going toward the mirror and hitting it at
anlangle. At the point where the light ray hits the mirror, construct a
line perpendicular to the mirror outline. - .

3. Place two straight pins upright along the line which represents
the light ray. Look toward the mirror from a point on the other side of
the perpendicular line you drew. Place two additional pins in the
paper so that they and the mirror images of the first two pins appaar
to be in a single straight line.

4, Draw a line through the positioneof the second two pins to the
mirror This line represents the reflection of the first ray of light.

5. According to the law of reflection, the angle of incidence (the
angle between the incident ray and the perpendicular) is aiways equal
to the angle of reflection (the angle between the reflected ray and the
perpendicular). Measure these angles with a protractor and calcuiate
your percentage error.

~

angle of incidence: 26°29' % error = 6.9% angle of reflection 24°39°

J
= I. Reflectién of Light
Angle of Angle of Pgrcent
TRIAL incidence . reflection error
’ i= r = E =
: 29°29° 27°15' 267
2 36°29° 29"y’ 3.27%
C. REFLECTION OF MICROWAVES .
._/Reflector _ i
/N
/ \
Microwave /7,1 \Qj Receiver
‘ transmitter / \ horn
horn v
I
rf 137 134

APPARATUS PREPARATION
microwave transmission set
metal plate, mirror, or aluminum

foil reflector, about 20 cm by 20
‘cm
protractor




APPARATUS PREPARATION

helium-neon laser

electronic photometer

several rough objects, such as
unpolished metal, paper of dif-
ferent colors, different types of
wood

glass square or beamsplitter

protractor

The photometer used was an inex-
pensive ($50) battery-operated de-
vice which consisted of a solar cell
detector, a dc amphfier and a meter
readout. Suth photometers are avail-
able from laser manufacturers Or-
dinary photometers which are used
for photography will probably not
work because they are not suffi-
ciently sensitive to the red light.

The helium-neon laser had a 0.5 mW
output power. The reflecting material
tested was spirit duphcator paper
{white).

1. Place the transmitter and receiver horns of a microwave
experimenting set side by side, facing in the same direction.

2. Place a large metal plate, mirror, or foil reflector about two
meters in front of the horns and rotate it until the maximum signal js .
indicated in the receiver. Set up a procedure to gather data that will
prove that microwaves obey the laws of reflection. That is, prove that
the incident ray, the reflected ray, and the perpendicular are fiways in
the same plane; and the angle of incidence is always equal to the
angle of reflection. o .

. With most microwave sets of wave/@grh 3 cm, agreement ber&«een the

incident and reflection angles should be within 5%. . '

)

D. REFLECTION OF A LASER BEAM :

Laser -~

Photometer

1. Most objects scatter light as they reflect it, producing a
diffuse (scattered) dreflectuon. Point a laser beam at several rough
objects, such as unpolished metal, paper of different colors, and
different types of wood. Measure the amount of reflected light that is
picked up by a photometer that is held a short distance in front of the
object. Using the incident beam as a standard, measure the fraction of
hight.which 1s reflected from the surface at different angles.

~

SCATTERING BY REFLECTION -

. Reading of incident beam | = 20
‘ Angle between incident] Reading of Fraction of
TRIAL| beam and surface reflected light | light reflected
4 A= R = R/t =
\ )

1 90° 9.8 49/
2 ©O° 9% 497
3 - 30° 5. b 28%
4 (O° 0.1 &Y -

12313




b T

L

EXPERIMENT 32. REFLECTION

NAME ¢

CLASS HOUR

2. Using a flat glass plate or a specially designed beam splitter,
determine the proportion of transmitted light to reflected light that is
detected with a photometer as the glass plate is rotated a different
angles with respect to the incident beam.

BEAM SPLITTING
- .

I

Readiné of incident beam I.=

1Ii. Beam Splitter Reflection
A laser beamn splitter was used to get the following.

Angle between |Reading of|Reading of|  Proportion of

TRIAL incident beam transmitted refleeted transmitted light to

and surface light light reflected light
A= T-= R= 7 R/t =

1, a° | 47 | 077

2 | T70° 50 -0 0.83

3 50° 43 | 5b 0-717

4 qo* |40 | O | 0O-bl

5 30° 3.2 | 58 0O-55

RELATED QUESTIONS AND SUGGESTED ACTIVITIES

1 Stack a laser, microwave transmitter, and a fiashiight one,

above-the other with the aid of ringstands or other supports. Aim all
three at the same spot on a distant flat mirror and predict the exact
locations of the three reflected beams. Account for any errors

J
between the predicted positions and the actual posmons of the\(

reflected beams. ¢ ./
All three should obey the same laws of retlection. There will'be a difference in

precision—the laser I1s the most precise, _followed by the microwave

transmitter, and then the flashlight.

2. Test the abuhty of'various materials to reflect microwaves or a
laser beam and develop a theory to describe why some materials are
better reflectors than others.

Although most students will say that good reflectors must be smooth and

shiny, they will be surprised to find that Scotchlite reflecting paper, which is

rough, is an excellent reflector. Have the students chack their theories with

those in texts.

@

The object used was a commercial
beam splitter. This 1s a small square
of partially silvered glas%

Many other materials can be inves-
tigated in a similar manner. Such
open-ended experiments which in-
vestigate natural phenomena in a
meaningful way should be encour-
aged. It 1s not uncommon for stu-
dents to become quite enthusiastic
and even make discoveries which.are
not recorded in textbooks.

[

—
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3. Verify the laws of reflection using a laser beam and long

. L, e . . .
This,lechn/qué s s0 good that the distance techniques as follows./
precision 1$ hmited only by the ability a. Aim the laser beam across the center of a large room so that it

of the student to measure the dis-  hits the center of the rear wall. -

tances precisely. Results will vary . . .
from those within 30% to those with a b. Tape a small mirror to the wall and circle the area on the mirror

zero error to two sigmficant figures. ~ Where the laser beam strikes it. Adfust the positions of the laser and
¢ ~ the mirror so the reflected beam is superimposed on the incident
) beam. The two beams are now on the perpendicular to the mirror
surface.
c. In 50-cm steps, move the laser 3 meters to the right of its
« original position. At each step, point the laser at the mirror and record
the angular distance that the reflected beam appears to the left of the
original laser position. Compare your datai)with the ideal values given
by the laws of reflection and calculate your percentage error.

4
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'EXPERIMENTe  REFRACTION .. oo, :
NAME * CLASS HOUR:
= —) LA PARTNERS " DATE..

14

PURPOSE

~.m

of waves Is related to changes in the wave velocity.
A. REFRACTION OF WATER WAVES IN A RIPPLE TANK

PROCEDURE -+

Ripple tank

Figure 1

" Paraffin
&)arrier

Figure 2

[

>

In this experiment we ¥hall investigate how the refraction, or bending, 1,,c exp,eriment should be done by

students work/gg in groups 3/ two or
three.

There is so much similarity in the
refractiop of water waves, light
waves, and microwaves that all three
should be investigated in the same
lab session if at all possible,.

‘

Since there is too much for any ™
individual or group to do, it is sug-
gested that the class be divided, with
each section doing a different part of
the experiment, followed by a class
discussion of the overall results.

ripple tank with wave generator
a 10-cm-by-15-cm glass plate
* coins, to use as spacers to raise or

lower the glass plate in the ripple
tank

parattin blocks

water

white paper screen

hand-held stroboscope

protractor ' .

(‘PPA RATUS PREPARATIONS
P 3

Paraffin blocks ~are available wher-
aver canning or candlemaking sup-
plies are sold.

i

the
pro

_1. Fill the ripple tank with water to a depth of about 10 mm, level

tank, and adjust the overhead lamp so that the waves that are
jected on the screen are clear and sharp. ;

2. Put a rectangular piece of glass (1‘0 cm X 15 cm) in the rippléa

tank and support the glass horizontally so that the top surface of the
glass is approximately 2 mm below the surface of the water.

¢ s
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’ SUGGEST|ONS AND:

. "1. Glass squares 7 cm X 7 cm are recommended because

) these are standard sizes sold by scuentmc supply .companies

. ’ Glass squares (or rectangles) ofqther sizes will work equally welﬁ
’ ) For the greatest precision, distances AB and_ | CD should be as |

great as possible. « /

2. It is important that one of the polished edges of the glass
) square coincide exactly with the top edge of-the square that is
: e drawn on the diagram. Any.mlsallgnments will affect the
‘ accuracy of your results.

3. If the angle between the surface of the glass and the
incident ray is made too small, it is possible that the emerging
- ray will coge out of the right side of the glass square i%of

at the bottom. This condition can be observed when using a

' ', ) . glass square that has four polished edges. The procedure which

' is used to calculate the index of refraction of glass in this

particular case is no different than that used for the original
procedure. e

4. For the most preC|se results, us/a very sharp pencil and

. - measure all distances to the nearest tenth of a millimeter. Ask | o

N . someone else to check your sighting of the four pins in each-

' . case to be sure that they are perfectly aligned befo'pvmg
: the glass from the, diagram.

. 5. Check that'the angle between the ret;acted ray and the

, : second wavefront is 90°. This can be done with the aid of a
: protractor or with the a|d ‘of a right angle at the corner of a sheet
"| of nofe paper.

L . 6. The index of refraction of glass varies slightly with the
color of the light being used. It is not expected that the
comparatively imprécise techniques used for this experiment
Qill detect this variation. * J

J ; : y

e
. ) 3. Place two paraffin barriers in the ripple tank in the positions
. shown in Figure 1. This will divide the tank into two parts: one in
~ ‘ . which the water is 10. mm deep; and one in which the water is only 2
mm deep. Coe '
4. At the deep, end of the tank, ‘connect the wave generator to’
produce a series of straight waves that are approximately 3 cm apart;

5. Fix the boundary petween the shaléow and deep water so that
— .. iti arq)el to the direction in which the wave fronts are approachings
Wlth a stroboscope, “stop” the motibn of the waves on the screen ™
beneath the tank, -and with a meter stick measure the wavelengths in /)
}  shallow water and in deep water. Change the frequency of the wave:
) generator several. times. With#each change of frequency record the
- © ! wavelengthg for deep and‘shatlow water in the data.chart.

6. Examine the data pairé of wavelengths-for the different
= - frequencies of the wave generator and see if you can find a pattern
which relates the data. If so, what is the pattern?

)

N

“ The -ratio of wavelengths in deep' and shallow water does not change at

ditferent frequencies.

f

-

.,
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EXPERIMENT 33. REFRACTION -

o

NAME * .

CLASS HOUR
7. Adjust the boundary between the deep and shallow water so
the wave fronts will hit the boundary at an angle of about 30° (see * =
Figure 2). Observe any changes in the direction of the wavefronts and
- record your observations. : {
As the wavefronts pass over the submerged glass §quaf‘e, they change
direction. The wavefronts over ti?e glass make an angle with the boundary -~
: < [
that 1s obviously less than 30 degrees.
- DATA
' - >
Fre?’::encx Wavelength in Wavelength in
' z) , deep water shallow water
% TRIAL . (cm) (cm) -
. F= L(D) = L(S) = P
3 = 3.\ 3
2 \ O ’ t Z- 5 2' ‘
N, 3 12 2.\ )-8 ‘
‘,3; K 9 .8 .5 :
5 o "I-b .3
6
7
' 3 o .
° B. REFRACTION OF LIGHT WAVES TRAVELING
) FROM AIR TO-GLASS ¥
‘N PROCEDURE .
. i %
i APPARATUS PREPARATION
glass square, 7 ¢cm by 7 cm
P ’ These are sold by scientific sup-
) ply companies for this particular
experiment
h . S straight pins
. | i a notebook-size’ sheet of heavy
: @ : Glass cardboard
: square
| Ll
!
]
» . i
N\
. I :
Q . | Figure3 . @
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Incident ray B

. ok
' WO
: A - D ’
d’ p
c - ' f
Refracted .
ray : —
\ v
s \
¢
Emerging
ray

Figure 4

. 1. On’the data worksheet, place a glass square (7 cm X7 cm) in
the position indicated in the diagram, making sure that one of the
polished edges of the glass coincides exactly with the top edge of the

. square on the diagram. With the glass in this position, one of the Iines‘
above the glass represents an incident ray of light which is striking

the polished edge, and the line perpendicular to it (AB) represents the
wavefront of the light at the instant the incident ray is about to enter
the glass. Insert 2 straight pins about 3 or 4 cm apart on the line which

represents the incident ray. Holding your head so that your eyes are -

at the"same level as the glass, insert 2 more $traight pins at the bottom

- of the diagram so that it appears as if"all four pins are on a'perfectly

straight Iine)_whi]e you are looking through the glass (Figure 3).

2. Remove the glass and draw 2 straight lines with the aid of a
straight edge to show the path of the light as it traveled through the
glass and emerged. Label these lines “refracted ray” and “emerging
ra):," as shown in the sample diagram_(Figure 4).

3. Starting from the upper right corner position of the glass
square, draw a line that is perpendicular to the refracted ray. (This
Iune is Iab/gCDﬂrrF'/ure 4.) Thisline represents the wavefront of

: - a later time—the instant the right end of the wavefront enters
the glass. > ) ‘ /
4. Measure the dlstanceq*d and d’ on your diagram. Distance d is

-

4 .

the distance moved in air by a point on the wavefront during the time °

the wavefront moved between position AB.and position CD. Distance’
d’ is the distance moved in glass by another point on the wavefront

during the same time interval. Thus, d and d’are proportional to the-

respective speeds of light in air and in glass.

- 5. On separate sheets of paper, draw similar diagrams but
change the angle #hat the incident ray rpakes with the glass. Measure
distance d and distance d’ for each case. |

6. Enter the distance data in the data chart. For eac¥pair of

. distances, divide the distance d by the distance d’. Enter the result of

this calculation in the data chart. This value is known as the index of
refractiori of glass and should be between-1.5 and 1.9, depending on
the type of glass that is used.

) 129" -~ P —_
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- EXPERIMENT 33, REFRACTION i

. NAME : . CLASS HOUR

ke
¥

/" ' DATA

“ o

‘Incident ray

[

3N
foiber
"% e 5”&,’4 :
S

. .
. ’ 3 ‘
Sight here /@ .
~ r T
1 b *

. N
)
.

TRIAL

Vd d: -

(cnj)'

(cm)

d/d*

-

2.3

1.5

.5

4

1.9

[.3

b5

2.5

17,

1.5

145
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RELATED QUESTIONS AND SUGGESTED ACTIVITIES

1. Ordinary crown glass has-an index of refraction of 1.5and flint
glass has an index of refraction of 1.6 to 1.9. Refer to your data and
identify the type of glass that you used for this experiment.

Ordinary crown glass

LY . ”

<

2. If the narrow beam coming from a carbon arc lamp or from a

- helium-neon laser were to be aimed at your glass square in the

& - direction of the incident ray on your diagram, the light shouid follow

r the path through the glass and emerge exactly as you have shown in
' your diagram. Try this and see How close’you are able to come.

The liser beam is right on the line,

. . +3. Using a technique that is similar to that used in this
. experiment, devise a procedure for determining the index of

S?U:ent mgenul?}'t Is bfequfeg b?O refraction of water. Summarize your procedure, data, and conclu-

~make measurements above an a- H :

low the surface of water. The hand- sions in_the space below. /

book value of the index of refraction

of water 1s 1.33.

>

-

4, The speed of lightin airis 3.0 X 10° m/skc. Usfr’mg the data that
you have obtained In this experiment, calculate the speed of light in
glass. (Remember that the speeds of light in air and glass are in the
same ratio as the distances d and d'.) -

g (speed of light in air)/(speed of light in glass) = 1.5

' speed in glass = (3.0 x 10° m/sec)/1.5 = 2.0 x 10° m/sec

The paratfin can be cast in the 5. Microwaves are refracted by paraffin in much the same
desired shape with wooden mofds. manner as light waves are refracted by glass. If a microwave
y transmitting and receiving set are available, repeat the procedure that

was used for determining the index of refraction of glass, substi-

tuting thie microwave transmitter for the light source and a paratfin

. L block for the glass, and placing the microwave receiver on the

opposite side of the paraffin block. Using different angles of

’ * incidence, calculate’ the index of refraction of paraffin for micro-

r waves, - T
’ * :rhe index o‘f refraction of paraffin for microwaves is 1.42. Thus, students

3

should find that for every angle of incidénge the disgance dis 1.42 times as

.

great as th‘a\distance d.

Q ' et
~ . 141 -
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EXPERIMENTe DIFFRACTION AND INTERFERENCE

CLASS HOUR

NAME

LAB PARTNERS:

DATE

PURPOSE

5
in this experiment you shaii have an opportunity to observe the
bending, or diffraction, around edges that occurs when waves pass
through a narrow opening, and you shall investigate the interference
phenomena which accompanyP this ditfracfion. .

A. DIFFRACTION AND INTERFERENCE IN A RIPPLE TANK

PROCEDURE

Paraffin
blocks

Wave
generator

prple tank

. ~

1. Set up a ripple tank with about 0.7 cm of water; make sure that

the tank is level. Set up a wave generator at one end of the tank to”

produce straight waves. Across the center of the tank {(as shown in the
« diagram) place several paraffin blocks with a narrow opening at the
center to allow waves to pass through the barrier. Experiment with the
size of this opening to find out whether the greatest amount of
diffraction (spreading out of waves) occurs as the opening is made
wider or as the opening is made narrower. Record your observations.

As the opening between the paraffin blocks is made smaller the amount of

diffraction increases.

147

7
This experiment should be done by .
students working in groups of two or ‘m
three.

Each group should have an oppor-
tunity to observe diffraction in a
ripple tank and then do quantitative
work with a microwave set, a laser, or
a sodium flame. The most satisfying
results will be obtamned with a laser
and an inexpensive (less than 25¢)
replica diffraction grating. The set-
up is simple, and data which yields
precise and accurate results is ob-
tained by almost all the students.

APPARATUS PREPARATION
ripple tank
wave generator
parallin blocks
white paper screen
water

Y
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/ SUGGESTIONS AND TECHNIQUES \
1. Diffraction patterns can be ‘observed in a ripple tank -
without too much difficulty but a great deal of practice is :
required to make any quantitative measurements. If time is
available, it is usually better spent in measuring the diffraction
patterns produced by light waves, from which greater precision
and accuracy may be obtained with relatively little practice.

2. Althéugh the distances from the central maximum and
the first order diffraction pattern on each side of the maximum
should be identical, you may find that these distances differ |
because of slight misalignments of the equipment or Because of
¢ ) . faulty sighting techniques. A good procedure is to measure the
distances between the central maximum and each of the two
first ordesgmages and then take the average distance if the two
are not idéntical. -

v 3. When using & laser be very careful that the laser-beam .
does not shine directly into your eye or into the eyes of other | .- ~
students in the laboratory. /

-

4. Special photometers are required to fheasure the inten-
sity of !igﬁﬁo’ﬁnd in a diffraction pattern. Ordinary photographic
- —~ light meters are usually not sensitive enough for this purpose,
y @cq fine differences in Light intensity’are encountered J

2. Readjust the paraffin blocks in the barrier to make two narrow
. openings through which the waves can pass. With this arrangement ~
- the waves passing through each of the openmings will interfere with
each other at the far side of the barrier’Light areas will appear on the
ripple tank screen wherever theAvaves coming from one siit interfere ;
consR&ively with the waves coming from the other slit. Dark areas
will appear wherever the waves from the two sources interfere
destructively. ’

3. Draw a diagram showing the interference pattern which

appears on your screen. &

Stripes




TN
EXPERIMENT 34. DIFFRACTION AND [NTERFERENCE
NAME CLASS HOUR
4. Vary the frequency of your wave generator and observe the
changes in the interference pattern which results. As the frequency
increases (and the wavelength ‘decreases) how is the pattern
affected?
- As the frequency increases and the wavelength decreases, there are more
lines of destructive interference and they are closer together.
5. Keeping the frequency of thé wave geherator constant,
rearrange the paraffin blocks to increase or decrease the distance
between the two openings in the barrier Describe the changes that, .
., take place in the interference pattern as the two shits are brought a*
.closer and closer together, .
As the sMts in the barrier are moved closer together, there are fewer hngs of
destructive interference and they are farther apart
B. DIFFRACTION AND INTERFERENCE ‘OF MICROWAVES
&
. ‘ PROCEDURE
/
/ Microwave Microwave - APPARATUS PREPARATION
receiver transmitter . microwave set
meter stick
& sheet of aluminum foil
single-edge razor blage
sticky tape
Receiver horn - .

6 cm

i
7

6.
Transmitter.— -
horn covered |3.3 l

with foil om H
o .. \1

6

1. Set up a microwave transmitter and receiver on the"!aboratory
bench with the transmitter and receiver horns about 25 cm apart and
facing each other, as shown on the diagram. Adjust. the transmitter

o output or the receiver gain according to the manufacturer's instruc-

ERIC w9 144 v
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. tions so that the receiver output meter indicates a full scale reading
with the apparatus set up in this position.

2. Cut two slits in a square of household aluminum foil with a
sharp, single-edge razor blade. The size of each slit and their spacing
are shown on the diagram. Center the slits over the opening in the
transmitter hotn and hold them in this position by pressing the edges
of the aluminum foil around the rim of the horn. Slowly move the
receiver horn in a small arc in front of the transmitter, making sure

, that the distance bgtween the two is always 25 cm. As the receiver is
moved near the central axis, of the radiation pattern, a marked )
increase in the received signal strength will be observed. Mark the -
position of the strongest received signal by sticking a small piece of
tape to the laboratory table. This maximum signal is called the central
maximum and occurs where the waves coming from the two slits’
interfere constructively after having traveled exactly the same ) ‘

distances from their sources. |

3. Move the regeiver approximately 10 cm to the left or 10 cm to
the right of the central maximum position until another position of
maximum signal strength is located. This maximum is called the first

h ] order maximum and occurs where the waves from one slit arrive
exactly one wavelength ahead of the waves from the other slit.

4. In the data table record the distance between the transmitter
and receiver horns (25 cm in this case) and also record the distance
between the central an§1he first order maximum positions.

. 5. Calculate the wavelength of the microwaves using the
' relation .
A= dx/L - ,
where d s the distance between slits (6.6 cm in this instance) * ,

x is the distance between the central maximum and the
first order maximum

”»
L is the distance between the transmitter and recéiver
horns ’ )

Record the result of your calculation”in the data table.

6. Using a similar procedure to that described above, increase
: the distance between the transmitter and receiver to 30 and to 40em.
" In each.case locate the positions of the central and the first order
maxima and record the appropriate distances in the data table. From
your data, Zalculate the wavelength of the microwaves and enter the
result in the data table,

DATA
¥

Distance between trans- | Distance between positions of | Calculated

h mitter and receiver horns | central and first order maxima | wavelength
‘ lem) (em) (em)
2.5 l-& 3.0
C 20 [4:0 3.1
L - 40 8.0 . 3-0 -

5
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EXPERIMENT 34. DIFFRACTION-AND INTERFERENCE !

I

NAME . ‘ ) CLASS HOUR

Q. DIFFRACTION AND INTERFERENCE USING A * 4
HELIUM-NEON LASER

. PROCEDURE

E 3 ’

APPARATUS PREPARATION
helium-neon laser

W screen ’

2 razor blades

Any kind of razor blades will
work but neWw, sharp blades pro-
duce the cleanest pattern.

magnets, tape, or some other me-
chanical device to hold razor
blades steady

L

) photometer
‘ ‘ Special photometers are sold by
laser manufacturers for use with
. Razor Blades » lasars. A photography light met-
N * er probably will not work for this
. experiment bdcause 1t is not
. sensitive enough to the red light
N . . ) » emitted by helum-neon lasers.
diffraction grating (inexpensive
1. Demonstrate knife-edge diffraction by aiming the beam of a acetate plastic replica gratings .
helium-neop laser at a screen that is approximately 1 meter in front of work well)
the laser. Slowly, slide the edge of a new razor blade into the side of
the laser beam and observe the effect on the screen. If a diverging "
: lens is used to enlarge the beam, it should be possible to observe
several light and dark fringes on the screen rather than a sharp-edged .
shadow of the razor blade which might be expected These fringes are
caused by interference between various portions of the wavefront as
- the light bends; around the edge of the razor.
2. D‘amorgtrate‘ single-slit diffraction by shining the laser beam
ona screen about 1 meter away and partially blocking the laser beam .

with two razor blades, one on each side. As the sht between the
blades is made narrower and narrower, you should be able to observe
a marked change in the width of the laser beam. Record your
observations.

As the razor blades are moved closar together, the laser beam spreads out

. more and more. When the blades are very close together, the pattern on the

screen looks like a series of dashes, with those in the center the brightest.

i *
0 . .

]

- T;
3. Pass the laser beam through a very narrow slit ;nade by
placing two razor blades close together, then enlarge the beam using
a diverging lens and observe the pattern which falls on a screen about
Q 1 meter away. The light and dark stripes, or fringes, which are

ERIC o @ 14




Ideally, the distances to the right and
left of the central @aximum should
be 1dentical. In practice, they will not
be identical because it 18 difficult for
students to arrange the laser beam
and the screen atperfect right angles
to each other To minimize the error,
distances to the right and left are
avaraged.

inexpensive acetate plastic replca
gratings have 190 x 106 m'spacings
between slits. Other gratings usually
have the number of lines per cm
given. The siit spacing in centimeters
18 the reciprocal value. (Inexpensive
diffraction rephca gratings made of
acetate plastic film usually have
13,400 gtooves per inch. This s
equivalent to 5,276 grooves per cen-
timeter. Thus the distance between
adjacent grooves (d) i1s 1.90 x 10+
cm, or 1.90 x 10°m.)

1

observed are caused by interference among the various portions of
the wavefront which pliss through the slit and are diffracted by the
edges. Upon closer inspection these interference fringes will be seen
to vary in brightness. Uging a sensitiv photometer in a darkened
room, record the intensity variations that occur at 1-cm intervals as
the photometer is moved slowly across the scréen from one edge of
the pattern to the other. Plot this data on a graph showing distance
along the horizontal axis and the photometer reading along the
vertical axis. (If the pattern happens to be very small, it may be
necessary to record the intensity variations at intervals of less than 1
cm.) X A )

4. Place a screen 1 meter in front of the laser aperture. Turn on
the laser and mark the position on the screen where the laser beam
falls. Place a diffraction &ating over the laser aperture and observe
the additional bright spots which appear on the screen due to
diffraction. A bright spot should appear at the original marked
position, and additional spots should appear to the right and to the
left of the markéd position. The marked position is called the central
maximum, starting from this place- the dther bright spots are called
the first order maximum, second order maximum, third order
maximum, and so forth. Measure the distance between the central
maximum and the first order maximum on each side. Record these
distances in the data table. Also measure and record the distances
between the laser aperture and the first order maximum on each side

5. Record the distance between adjacent slits on the diffrattion
grating. This will be given on the grating or by your instructor.

6. Calcxtlate the wavelength Aof the laser light by using the

’

. relation

A=d2
L

where ,

d is the distance between
adjacent slits on the
- diffraction grating
x is the distance between
the central maximum and the
first order maximum

. L is the distance from the laser to the
first order maximum on the screen

L) »

Record the result of your calculation in the data table.
7. According to the handbooks, the wavelength of the light
emitted by a helium-neon laser is 6.328 X 107 meter. Compare this
with the value that you obtained and calculate your percentage error.

8. Repeat the above procedure several times, using different

distances between the laser and the screen,
t
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EXPERIMENT 34. DIFFRACTION AND INTERFERENCE

* NAME

~

CLASS HOUR

Photometer reading (arbitrary units)

o} 2 4 e 8 10 12 14

Distance from edqe of

pattern (cm)

. DATA
Distance from edge
of pattern Intensity
(cm) | =
X =
1 @) 0-0
2 ! 0-5
3 Z 0-5
4 3 O-0
5 4 [-O
6 5 g 4.0
7 b 1 Q
8 7 14
9 3 o
10 Q 10
11 {0 VA
12 I o0
13 12 0-5
14 Y - 05
15 I 0-0

163

Distance between laser|Distance between central
= and first-order maximum and first Calculated| ,
maximum on screen order maximum wavelength % .
on left on right on left on right (m) errcir
(m) (m) (m) (m) LW) =
L{L) L(R) X(L) = X(R) = X 107
1] 1087 1036 | ©O-352 | O-347 | ©-35 | O-37
2108 | LORS| 0-358| O36b0| b33 |O%
3 In calculating the wavelength, stu-
4 dents should use the average of the
-5 " distances measured on the left and
right sides.
6
7 A
- 148 .




APPARATUS PREPARATION
Bunsen burner

asbestos collar -

salt water solution

wire to, secure collar

meter stick

ditfraction grating (inexpensive
acetate plastic replica gratings
work.well) |

. W

Inhaling asbestos dust is harmful to
the lungs. Instead of the asbestos
collar, you might wish to substitute a
15 cm length of nichrome wire with
one end bent into a’loop having a
diameter of about 0.5 cm. A sodium
flame 1s obtained by dipping the loop
into a contaner of sait water and then
heating the loop with the bunsen
burner. Refill the loop with salt water
as often as nécessary.

s Meter stick

D. DIFFRACTION AND INTERFERENCE OF L'IGHT
FROM A SODIUM FLAME

<

PROCEDURE -

Image of flame

Asbestos secured
with wi_re

Diffraction grating °

1. Soak a small square of asbestos’in a solution of salt water.
When the asbestos is thoroughly wet, wrap it around the top of a
Bunsen burner, as shown in the diagram, and secure it with a piece of
wire.

2. Light the Bunsen burner and adjust the barrel so that a bright
yellow sodium flame is produced as the salt on the asbestos is heated.

3. Stand about one meter away'from the flame and look at it
through a diffraction grating. Diffracted images of the Hame should
appear several centimeters to the left and right of the flame itself.

4. Have your laboratory partner hold a meter stick just behind the
flame, as shown in the diagram. Ask your partner to run a pencil along
the meter stick until it appears to coincide with the nearest image that
appears to the right or left of the flame itself. Record the distance

Jetween the pencil and the flame and the distance between the pencil
and the grating. Repeat for the opposite nearest image.

5. Calculate the wavelength A of sodium-light using the relation

where d is the distance between adjacent shits on
‘the diffraction grating

x is the distance between the Bunsen’burner
flame and the position along the meter stick
where the nearest image appears

154
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EXPEMT 34. DIFFRACTION AND INTERFERENCE et
, - \/‘h '
NAMES ‘ . ’ CLASS HOUR .
T - - ~N
. is the distanice between the diffraction grating . )
w0 { and-the position along the meter stick where , R
\the nearest image appears ' K

-

L3
Record the'result of your calculation in the data table ‘

6. The yeIIowAught in a sodium flame actually consists of light of
_ two very slightly different wavelengths. The accepted values of these y -
- wavelengths are 5.896 X 10’m and 5.890 X 10-"m. Using the average ) . !
value, 5.89 X 10'm, compute your percentage error.

i: ' } DATA .
‘ cent siits op dif, 190x I07¢
Distance between adjacent slits op diffraction gratingd == XY m ,
LY N i -~
T Distance between - l \ *
Distance between flame ’ grating '
2’ and nearest image and nearest umage Calculated J . e e
- o Left | Right | Average| Left | Right | Average | wavelength T } - i
“UFE lmm | om mm | m (m) | error i
X¢L) =} X(R) = X = JL{L) =jL(R) = L = Liw)y ‘| E-= /
" ! / . |
_ 1= /
1 |00l 0107 |0337| 0BBO3He| 588 [ | 024 / i
- ;-
- ! o R
, loz|os|o32|od2domdd 00| S84 | | 4 ,/ ’ \
" et
3 . N
K
7
e / /
[ - ‘/ ) '/l
. /
- - - . “‘igl .
\‘ / .
e / -
/ /
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N RELA'FEU QUESTIONS AND ACTIVITIES | &

1. Observe aJeng thin lamp, such as "ashowcase Iamp, through a
dlffractlon grating. Set the Iamp base down on a tabl d notice the
multiple interference patterns that are formed at thegﬁ:s of the lamp
as you stand about 2 meters away and look at it thr ugh the grating.
Knowing that red light has-a longer wavelength than green light,-
predict the color of the image which will be formed closest to the
lamp. Check your, predictions by holding pieces of red and, green
cellophane-in the light path between the lamp and the diffraction

grati .
The™ 0 , d wavelengths should -produce a diffraction pattern-with

maxima that are spaced farther apart th!n the shorter green wavelengths, so

— 'y

< .
the green image should be .closer to the lamp. This is confirmed by

PRI <

-

observation. .

-
o

2. Assume that thete are three unidentified diffraction gratings,
each having addlfferent number of lines per centimeter. How could
yd‘u rank the’ gratings in ‘ordér of number of lines per centimeter

withs u,t ysing a mrcroscope” .
. Obse a°source of monochromat/c l/ght or shine a laser beam through the

gratings The grating. with the greatest number of lines per centimeter will
L

produce a d/ffract/on&pattem with maximg, that are the farthést apart

>, N -
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« NAME: CLASS HOUR. )
LAB PARTNERS: DATE ’
. (M ’ -
. ' ' |
PURPOSE i
in this experiment you shall s?udy the images that are produced by . This experiment should be done by - .
converging lenses. . “ students working as individuals or
A ) ] .o - working in pairs.
A. FINDING THE FOCAL LENGTH OF A DOUBLE The main difficulty that students
CONVEX LENS ' experience is in making judgeme
. " as to when an image is in the best ~.
. focus. This judgement will vary
i PROCEDURE .\ somewhat from student to student.
\ . ' APPARATUS PREPARATION
. - double convex lens with a diameter
Double coex lens Sharply focused of about 3 crn and focal length of
image on screen about 10 cm

o Paralie! rays of \

optical bench with lens holders

Iight f .
' Jf"stan:o&,eét « and screen holders
screen (a stff white index card is
/;: ' acceptable) .

S

Meter stick . The simplest type of optical bench is

a meter stick and accessories such
as end supports, lens holders, and
screen holders. These are listed in
_ the catalogs of most scientific supply
s T ) companies. -

’

]

The focal length of a lens is the distance from the lens to the point ~—~——
where parallel rays of light from distant objlects are in sharp focus. ) |

L. Set up tl's1 apparatus shown in the diagram by mounting a ‘ ) .
double convex 18hs and a cardboard screen on a meter stick. ’

2. Select a distant object such as a lgpuse, a tree, or even the sun ~
" itself. ) '
t,
3. Aim the meter stick at the selected object so that light from the ) o \
«» object passes through the lens and falls on the screen. . <

4. Move the screen or the lens along the meter stick jo focus the -
light rays on the screen and produce the sharpest image of the distant
object. When this has been done, find the positions of the lens and the . .
_screen on the meter stick as precisely as possible and record themin __ o —

the data chart. A
j 5. Repeat the above procedure for two more trials, each time ’
- selecting a different initial position on the meter stick for the lens. 4

Record these position data in the chart alsc.

" & 6. Calculate the .focal Iength’of the lens for each trial by
subtracting the position of the lens from the pqsition of the f%qgn
- * ~

‘ . 157 .




SUGGESTIONS AND TECHNIQUES w

) 1. Although the sun itself makes an excellent object for

3 3 : ’ finding the focal length of a lens, be éspecially careful that the

: focused rays of the sun on the cardboard screen do not scorch
T the cardboard or start a fire.

. 2. The right angle that is formed by the corner of a small file

. card or a stiff piece of pa}er‘tan be helpful in locating the exact
. position of the front of the bulb with respect to the meter stick.
Try holding the card so that one edge lies along the top of the
meter stick and the adjacent edge is pressed agalnst the front of
the bulb.

3. As the object distance is made shorter and approaches
e the focal length of a convex lens, you will find that it is extremely
difficult to obtain an image. Do not waste too much time in trying
. = to find and observe the image under these conditions.

4. To find the relative size of the object and imagein Part B,
try pasting a 1-cm fength of narrow tape on the front of the buib.
. If one end of this tape,is pointed, it will help you tell whether the
image is erect or-inverted. An alternate technique Is to draw an

(rrow 1 cm long on the front of the bulb, using a felt-tip pen.

.

B

The_values should be identical in each case but may vary somewhat
because of experimental errors.

7. In the last two columns of the data chart, tell whether the

Va

N . image i is ereet or inverted and whether 1t is larger than smaller than,
, or 1he same size as the actual object.
DATA . .
. Position Position | Focal Image erect ('Lm(;)g&'srg:r
TRIAL OICI::)'S of (s:(:‘e)en I?ggg‘ or inverted? (Sm) Smaller
CX() = X(c) = = Eor) (= LS?:S? as
1 | 20.00]| 30.20 | 1020/ inverted |smaller
» | 30.00 | 4015 | 1045| Inverted | smaier
3 | 40.00| 5025|1025 Inverted | smotler
; 4 <




EXPERIMENT 35. IMAGES AND CONVERGING LENSES

NAME

CLASS™HOUR

B. IMAGES OF NEARBY OBJECT FORMED BY, A
#CONVEX LENS

PROCEDURE

- A
A
:_'_____ng stand " Doubie convex lens Image
-, / Screen
—— Light bulb | .
Meter stick %

Object . \\

T

Suppom‘/\u

g -
l —r| r'

<2
L 4

¢ o e

The characteristics of the image and its distance from the lens
will be found to depend on the focal length of the lens and the object
distance. To see how these are interrelated, proceed as follows:

IS
1. Place a small electric light bulb in a socket mounted on a
ringstand, ds shown in the diagram. The bulb will be used as an
object.

2. Mount a double convex lens of known focal length (Part A of
this experiment) and a cardboard screen on a meter stick

3. Place the lens at a distance of abéut two focal lengths plus 5
cm from the bulb. -

4 Turn on the bulb. Move the scrgen to a position where the
image of the bulb and the fine printing giving the manufacturer's
name and the voltage are in sharp focus. In the data chart, record the
positions of the builb, lens, and screen.

5 Calculate the distance between the bulb and the lens (object
distance) and the distance from the lens to the screen (|mage
distance). :

6. In the last column of the data chart, describe the image by
telling whether it is erect or inverted, and whether it is larger or

'smaller than the actual object

7. Perform several additional trials, each time decreasing the

‘ ohject distance by 2 cm untit the object is less than one focal length

from the lens Record these data in the chart.
8. Make a graph of image distance vs. object distance by plotting
the data in the chart. . —
154

159
S

;v

)

APPARATUS PREPARATION

In addition to the apparatus of Part A,
a luminous object of known height is
needed. A small 77W, 120 V lamp
mounted on a ringstand is ideal.
Candles are not recommended be-
cause the flickering flame is difficult,
to focus, and there s the poss;b/my
of a student’s long hair catching on
fire. " ’

See sample graph at top of next
page.
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According to theory, the ihage and
object distances are identical when
the object distance is twice the focal
length. The discrepancy here may be

due to incorrect measurement of the ,

focal length or of the object and
image distances.

Lens focal length f = _/<>_2'_ m

-

~
~

.

DATA

Position |Position| Position | Object | Image | | Image
TRIAL of object| of lens |of image| distance |distance description
cm) | (em) | (em) | (cm) | (€M) |4 g)sm) ()
X(0) = | X(L) =] X(I) = p = o)

35.0

49.|

35.0

|41

sm

26.9

H3.0

2.9

lo-|

Sl

204

A6

204

19.2°

om—
—

lb-O

409

b0

249

LG

14.0

5lb

4.0

316

LG

10-2

none

0-2

?

dg_ooqoo

8.5

hone

85

N

¢

RELATED QUESTIONS AND SUGGESTED ACTIVITIES

"1. Referring to your data for a convex lens, tell how the image
distance changes as the object distance 1s decreased.

As the object distance 1s decreased, the image distance Increases.

4

'

2. Using the graph you made in Part B of this experiment, predict
the image distance when the object distance 1s exactly twice the focal

length.

-

According to the graph, (rhe image distance will be (19.5 cm

Try this experimentally on your apparatus and see how close your
prediction was.

Experimentally, the graph is correct.
-

3. Referring to your data for a convex lens, tell how the image
size changes as the image distance increases.

As the image distance increases, the height of the image also increases.

160




EXPERIMENT e [IMAGES AND DIVERGING LENSES

A

NAME

CLASS HOUR

/  LAB PARTNERS:

PURPOSE

After having experimentéd with converéing lenses this experiment
will give you the opportunity to observe similarities and differences in
the etfects of diverging lenses in forming images.

¥

PROCEDURE

L4 B
T = el 13 . . -

A. FINDING THE FOCAL LENGTH OF A DIVERGING LENS
f; .
/ . \\\&
A,
>

o
\

Paper

Divergifg lens

1. Place a low powered helium-neon laser on a table. being
careful that it 1s not pointing at any mirrors or into the eyes of anyone
in the room v

2. Turn on the laser and place a diverging fens in the laser beani!
Yqu will observe that the beam is very natrow as it comes out of the
faser but after going through the lens, it spreads out into an ever
widening cone.

3. Hold a sheet of notebook paper against the lens. With a sharp
pencil, trace the outline of the red spot made by the laser beaim as it
emerges from the iens.

4. Move the paper 5 cm'furthe[ away from the lens and again
trace the outline of the spot that is produced. Repeat this procedure,
increasing the distance between the fens and the paper by 5-cm
intervals until the spot completely filis the paper.

5. Measure the diameter of the laser beam for each position of
the paper and record these data in the data chart.

6. Plot a graph of beam diameter vs. distance between paper and
lens. '

v

L .
7. By extending your graph line (extrapoiating), find the distance
from the lens at which the beam diameter would be zero. This
distance is the focal length of the diverging lens. Record it in the data

chart, ‘ n 1S5
161

DATE

v

APPARATUS PREPARATION
helum-neon laser
diverging lens
sheet of notebook paper
photometer

Students will have some difficulty in
measuring the diameter of the laser
beam because the beam decreases
n intensity rapidly near the edges,
making the edge fuzzy. For this
regson when one wishes to strive for
better precision, the beam intensity
1s measured with a photometer at the
beam center Then the half-power
points .are located at several places
around the circumference where the
beam 1s half as bright. The beam
diameter 1s then defined as the dia-
meter between half-powar points.




‘8. Repeat the procedure for an additional trial or two or have
your lab partners do it independently and compare the results.

-DATA
¢ Distance between lens Beam
X * TRIAL and papet . diameter
: (cm) J (cm)

D -
1 5 (.3

2 10 2.3

3 |- 20 47
4 30 .0 ~
5 4O 1.0
X e | 50 EX

-
-t -

' . |7 b0 .Y

-~

¢ - Focal length of lens F =" 08 cm

B. FORMING lMAGE/S WITH A DIVERGING LENS \
\
1. Using a brightly hit source as an object, see if you ca?(focus an
image on the screen using the diverging lens. (If you encounter any
difficulty, ask your instructor for. help.) Record your observations. h

It 1s impossible to obtain a real image with a diverging lens

. ) 2. Place your eye near the lens and look at the object through the
lens. Instead of seeing the object you will see an image thatis a '
different size than the object.

a.‘ Is the image larger or smaller than the object?

smaller

b. Is the image erect or is it inverted? __°7%¢*




EXPERIMENT 36. IMAGES AND DIVERGING LENSES

NAME

CLASS HOUR

1. Why is it impossible to find the focal length &f a divgrging lens
using the techniques given in Part A of this experimerit?
4

A diverging lens spreads out light. THe radius of curvaturg of the wavefront

increase rather than decreasing to a focus.

Enlarged
Virtual = Hz_1
Image i‘ f.

Optical Arra[ngement of the Galileo Telescope

»

2 Make a telesclpe using a long focal length converging lens
and a short focal length diverging lens. Galileo discovered the secret
of this combination, which is that the magnification it produces is
given by the ratio, -F1/F2, where: F1 is the focal length of the objective
and F2 1s the focal fength of the ocular. Since the diverging lens
always has a negative focal length, the magnification will be positive,
indicating that the image is erect. Try this and record your
observation below

¥

/




: EXPERIMENTo STANDING vaes ~

NAME: 2 CLASS HOUR:

\ ~/ ° LAB PARTNERS DATE
PURPOSE s

« In this experiment you shall create standing waves in different types This experiment should be done by
of materials and learn how to find the wavelength by measuring the students working in palrs.

distance between adjacent nodes..
° APPARATUS PREPARATION

doorbell without gong or tape

. timer
PROCEDURE source of 6V AC, such as a power
The general procedure for creating standing waves in the labor- supply or a stepdown bell trans-
atory 1s to send out a sgries of pulses at a constant frequency former. A 6V battery may also be
. used.

and then, at some distance away from the source, reflect them back meter stick

so that they meet and interfere with the subsequent pulses This, length of string 1 to 2 m long
creates regions where there i1s maximum vibration, these regions are  setof hooked standard masses or a
separated by points of little or no vibration, called nodes. Standing small pan and sand or gravel that
waves reach their greatest amplitude when the effective distance can bé attached to the end of the
between the source and reflector 1s a specific fraction of the string

. triple beam balance to measure the
wavelength or a multiple of the wavelength. Zass of the pan and load

A. STANDING WAVES ON A STRING

7
. Doorbell
§
. .
—String
Node b
‘ —— Node
¢ *
. — Weight
~




4 SUGGESTIONS AND TECHNIQUES

1, Almost any type of string may be used to produce
standlng waves but some work better than others to produce
" well defined nodes. If any difficulty is experlenced try making
the string a bit longer or shorter. h

2. When producing standing waves in an air column with a
tuning fork, plastic cylinders are recommended because they
are inexpensive and will not shatter if hit accidentally with a
vibrating tuning fork. If glass cylinders are used, be very careful
that the vibrating tuning fork does not touch the lip of the
cylinder.

3. The standing waves in an air column closed at one end
will be most pronounced when the length of the air column i3y
approximately 1/4, 3/4, or 5/4 that of tMe sound wave. The value
will vary somewhat with the diameter of the cylinder that is used.
Regardless of the cylinder diameter, however, the distances
between successive nodes (or antinodes) will always be exactly
one-half the wavelength of the sound wave.

4. Microwave experiments give the best results when done
in a large room. If the microwave transmitter is aimed at nearby
walls, unwantedsreflections may obscure the desired signals.

Always refer to the manufdcturer’s instructions and follow the
\ recommended alignment and warm-up procedures.

1. Aftach alength of string approximately 1.5 meters long to the
clapper’ of a ‘doorbell,*and fasten the doorbell to an overhead
suppoR which is sufficiently high to prevent the bottom of the string
from touching the\@yt is a good idea to remove the gong from the
bell to preserve the sanity of those that happen to be in the immediate
vicinity while the device-is operating.

2. Attach small weights 'to the bottom of the string until the string
vibrates in sections with clearly defined nodes when the doorbell is
operating. Adding weights increases the tension of the string and
causes the waves to move faster. This will increase the wavelengfh
along the string wnthout affecting the frequency of v:bratnon to any
marked extent,

3. With a meter stick, measure the distance between 2 adjacent
nodes. This distance is equal to one half the wavelength

4. Change the tension by putting either lighter or heavier weights
at the end of the string until a different number of vibrating segments
are produced with clearly defined nodes. In each case record the total
amount of weight that i is supplying the tension and the wavelength of
the standmg wave. 1

Weight Distance between nodes | Wavelength
TRIAL{ , (newtons) ‘ (meters) - (meters)
W= d-= L(w) =
1 029 -033 O.bb
2 0.44 050 l.00
3 (32 .OO - 2.00
4 e
: 5

| 160 166
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EXPERIMENT 37.,.STANDING WAVES

NAME . 9

CLASS HOUR

B. STANDING WAVéS OF SOUND IN AN AIR COLUMN

Tuning fork

% ’
4
S

| Air column

X

1 Place a long plastic tube in a cylinder of water Hold a 512-Hz
tuning fork over the top af the plastic tube and listen to the sound.
Raise or lower the tube In the water to change the length of the air
column that the sound must travel through before being reflected

2 Record the lengths’of the tube above water when the sound i1s «

at its loudest. With a 512-Hz tuning fork, these lengths will differ by
approximately 15 to 20 cm, depending upon the gir temperature in the
laboratory. :

3 In a standing wave, the distance between any two adjacent
nodes (or antinodes in this experniment) is equal to one half the’
wavelength. Calculate the wavelength of the sound.

4 Repeat the above procedure, substituting a tuning fork of a
different frequency, and calculate the wavelength of the sound that it

produces
TRIAL 1 2 3 “ 4

Feavener o | 512 AY 3%4HY -

Langths of ar 0152 OZIO

column when
antinoge 15 pro-

duced at top 0. qgl 0. bbu\

{meters) L

Calcitlated wave-
fength of souny O b{,? O‘?O? v )

tmetersy  Liwi-=

{
® I
*

APPARATUS PREPARATION

plastic tube such as those used to
hold golf clubs—cut length to 0.5
m

glass cylinder (about 0.5 m long)
cfosed at one end and filled with
water

meter stick

tuning forks of different frequen-
cles between 512 and 256 Hz

-

Sample calculation of wavelength:
A =2(0.481m-0152 m)
= 0.658 m




C. STANDING WAVES PRODUCED BY A MICROWAVE
APPARATUS PREPARATION TRANSMITTING AND RECEIVING SET

microwave transmitter and receiv- .

ing set
reflector, at least 30 cm by 30 cm Receiver

{can be made by covering card- -

board with household aluminum -

foul)
meter stick

Follow the manufacturer's instruc-
tions for operating and tuning the
microwave set. Microwave .
- transmitter

%

Reflector

4

=

1 Set the microwave transmitter and receiver on a laboratory
bench so that they are side by side and are both pointing in the same
direction.

2. Approximétely 1 meter in front of the apparatus place alarge
microwave reflecgr upright on the laboratory bench. This re‘ector
could be a large stivered mirror, a sheet metal plate, or a large sheet

4 ‘ of aluminum wra'pping foll that is stapled to a flat sheet of cardboard
for rigidity.

3. With the microwave apparatus operating, siowly move the
reflecting plate toward or away from the transmitting apparatus. As
the reflector is mpved, the receiver will indicate vanations in the
microwave intensity as varidus portions of the standing wave are
received. Record the distance between the reflecting plate and the
receiver when there are either nodes (no sound) or antinodes
(maximum sound) at the receiver. The distance between successive
nodes or antinodes should be approximately 2 to 4 cm, depending
upon the frequency of the particular microwave apparatus,

4. Calculate the wavelength of the microwaves, remembering
that the distance between adjacent nodes or between adjacent
antinodes is equal to one half the wavelength ‘ .

/S ,

)

. Distance between Reflector and Receiver (cm)
had Node at Antinode at
' TRIAL receiver : receiver
: X(N) = X(A) =
) 1 /00 50 ﬁ 10/ 26
& :
|2 102.02 102-79
3 /03.53 104. 30
4 ]os. 0S /0§. 80
5 Job. 58 - 107.33 €

d(N) = Ji cm

Average distance between nodes

AverJg’e distance between antinodes d(A) = & cm

Wavelength 1 1., . Lw) = _ 309" ¢m
(V)

ERIC = 168




EXPERIMENT 37. STANDING WAVES

—

NAME.

CLASS HOUR

RELATED QUESTIONS AND SUGGESTED ACTIVITIES

1. Compare the wavelength of the vibrating string found by
measuring the distance between nodes with the, theoretical wave-
length calculated from the equation

ﬂ A =V FL/m

f

where: A is the wavelength (in meters)

F isthe weight at the bottom of the string
(in newtons)

L is the total length of the string (in meters)
m is the mass of the string (in kg)
f is the frequency of the doorbell (in Hz).

this is about 60 Hz and can be measured
precisely with a hand stroboscope.

i TRIAL 1 1 2
Wavelength by measuring between nodese 00
(meters) L(W) = Ombb Lm
'Wavelength by substitution 1n equation 0_5\ 0'03
(meters) i LW =1 m m
L) 8
Percent.error E = 29/. 434

2. The speed of sound in carbon dioxide is less than it is in air
Predict how the waveler® of sound would change if the cylinder
were filled with carbon dioxide instead of air. Check your predictions

by trying it. Carbon dioxide can be obtained from cylinders in the
chemistry lab or by dropping some Dry Ice intorthe water 9.1751&

bottom of the cylinder.

Prediction The wévelength will be less in carbon dioxide.

Sample calculation:

m =31 x10* kg

Experimental results It was confirmed that the wavelength was less,

- ¢
Percent Error but quantitative resufts were not obtained.

3. Microwaves from FM radio stations create standing waves as
they bounce from wall to wall'in a school building which has steel
frame construction. Measure the wavelength of the broadcasts with
the aid of a small, battery-operated FM transistor radio. Tune itto a
weak station near the lower end of the dial and note the changes in
volume as you walk about the room,Mark the locations in the room
where the sound is the loudest. These are the antinodes of the

163

169

Substituting these values into the
. exprassion for A gives
A =063m+4

~.

Fo




/
/

standing waves and the distances between adjacent antinodes should
be fairly equal. Find the wavelength by measuring the distance between
adjacent antinodes in meters, and multiplying the restiit by two. Next,
calculate the frequency of the station in hertz by dividing the speed of
radio wayes (? 0 X 10® rh/sec) by the wavelength in meters. Check the
frequen y by looking at the dial markings of the radio or by verifying

x

L3

/ :

</ 4. Set up an experiment to make siandiﬁg waves in aripple tank. ’

Obtain data that will prove that the disfance between sajacent nodes

\ / is half the wavelength. Record your procedure and your complete‘

/ data.

170
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NAME  ° L a. . CLASS HOUR
H) “0 - L
/ — LAB PARTNERS: < - : DATE: =~
. S _ ; .
l, ] . < i =’ :
. , ‘ M . - ¥ .
T " PURPOSE ' s ..
L~ In this experiment the concept of electric field will be developed by . /tis strongly recommended that stu-
\ investigating the space between a pair of electrodes\hat are gdents do this experiment individually
&
e, < “ connected to a source of ‘direct current. R rather than in pairs or in larger .
\ . : groups When one student is work- £
8 ) ’ ing with the measuring equipment,
' . N 7 " PROCEDURE . thére is vety little opportunity for la
v ) ‘ \ _partners to contribute*productively.

- R Although the. consumable, supplies -
are inexpensive, a high-impedance
voltmeter 1s needed for each student.
Unless these meters afe available 18
sufficiént quantities, 1tis unlikely that
an entire class can perform this
expenment d(mng the same class
period. -

~

APPARATUS PREPARATION
) The carbonized paper and silver
Qe ink pen illustrated here are avail-

N\ <3 \
‘ . - | able from Pasco Scientific. Other
. . suppliers may have somewhat dif- .
/ ferent materials which can also be

used in this experiment,

. / \\ 2 shsets of specijally prepared car-
.- . . *t . bonized paper - )

! ’ : % 1 liquid silver pen .,
6 tacks
. . 1 battery, 1.5 to 10 Vdc ’
" R S 4 Jeads to batlery and voltmeter

. ¥ - Electrodgs are drawn on a special sheet of carbonized paper with 1 vgcuum-tube or other high-im-

silver ink.-When.a low-voltage dc power supply is connected across spedance voltmeter * ~

~, the electrodes, an electric fleld is set up and there is'a smail amount of Also, refer to the article “Electric '
. currel?t through the paper<The carbonized paper is probed with'a 0,4 piotting Apparatus by William
vacudm-tube voltmeter or other high- |mpedance vettndeter to show B, Lynch in the May "1981 THE
. how the veltage Is distfbuted in the space bétwéen the electrodes. PHYSICS TEACHER ,He proscribes
' 1. About halfway down a sheet of carbonized paper, at the left inexpensive materials for doing this

. , . . . O experiment.
- side, draw a small circle with silver ink. Draw an identical circle at the . .
. « right side of the paper ° : B} By
) 2. Fasten the sheet of carbomzed paper to the plottmg board, ;
. " using a tack at each corner.-
3 Connect the termindlls of a battery (3.to 10 volts) to the '
electrodes, using a tack to make contact between the battery wires
o and each electrede. ¥
4. Gdnnect-the negative lead of a dc voltmeter to the negative .
T - . electrode. Probe the carbonized paper with the positive lead to find '

the places on.the paper where' the meter will “indicate 1.0 yolt. -
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( SUGGESTIONS AND TECHNIQUES \

1. Special sheets of carboﬁized pa'per'and silver ink pens
have been developed by scientific ‘supply companies for this
experiment. It is not likely that ordinary carbon paper wifl work.

» 2. The voltage of the battery is not important for this.
experiment. It is advisable, however, that a large size battery be
used because a small battery cannot maintain a steady voltage
when small amounts of current are drawn through the carbon-
ized paper for extended peribds of time. Most laboratory dc
power supplies may be used in place of batteries.

3. Clean the silver pen |mmed|ately after each ‘use to
prevent it from clogging.

4. If the wires that are used to cdnnect the battery to the
electrodes become dull and corroded with use, shine them with
sandpaper or emery cloth-to assyre good electrical contacts.

5. When drawing lines with silver ink, it is a good idea to

p- em close to the center of the sheet of paper so that the

<d near the edges of the electrodes.can be explored.- At the

time, the electrodes should be drawn far enough apart so

that there is ample room to make measurements in the area
between the electrodes. )

6. Use a hard surface backing when 'drawing electrodes
with a silver ball point pen. A soft backing will result in erratic
action of the pen and will cause indentations in the paper. ’

N Y

5. On the paper, use a colored pencil or wax crayon to draw a
continuous line connecting all of the points where the voltage was 1.0
volt. .

6. Repeat steps 4 and 5 for all places where the voltage is 2.0
volts, 3.0 volts, and so forth until the positive electrode is reached.

7. The lines that you have drawn on the carbonized paper are
called lines of equipOtent)aI in the electric field between the two
electrodes. Describe the pattern of lines.

The lines run across the paper from top to bottom. They curve around the

s

electrodes.

. ‘ .
8. On a fresh sheet of carbonized paper, draw a pair of parallel

-m vertical lines with silver ink, one in the left half of the paper and the

other in the right half. Connect the battery to the electrodes and

repeat the procedure of steps 4 through 7 to find the pattern of

equipotential lines between the electrodes, How does this pattern
dnffer from the first one?

The equipotential lines are now parallel and equally spaced.
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EXPERIMENT. 38~ELECTRIC FIELDS

NAME . . _— f CLASS HOUR

.

4

9. Make up your own experiment by'cha;ging the shape, size,ﬂo_r
i distance between electrodes. Predict thepattern that will be formed
and then test your predictions by probing the field with a voltmeter.

Record your predictions and test results. ~

g

For this actwvity -to be worthwhile,
Insist that the predictions be care-

—+ ' fully written out in advance of the
. . measurements.

3]

" e

.- _RELATED QUESTIONS AND SUGGESTED ACTIVITIES

+ 1. The strength. of an electric field is measuréd in units of voits
pef'meter. The field strength ata point is found by selecting a second
point fairly close to the first and dividing the difference in voltage . .
between the two points by the distance between them (measured in . 2
meters). Do this for several different locations on a sheet of
carbonized paper after you have plotted the equipotential line \
patterns. Describe the variations in electric field strength that are
observed,at vafious distances from the electrodes. '

=3
v -
’

Answer depends on shape of electrodes. In general, the field is strongest near

L]
an &ctmde. However. It 1s constant between two long, parallel electrodes

and zero ipside a region surrour-lde'd by an e/ecnﬁ (such as a large circle-

.

shaped one).

2. Compare the variations that are qbserved in electric field /
strength between electrodes that are small points and between
electrodes that are long parallel lines. ' &

The electric field strength varies between point electrodes; it is fairly constant

v

-between electrodes that are long paralleylines.

«
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. 3. On a fresh sheet of carbonized paper, draw two large circles

} for the positive and negative electrodes. Using a battery and a

voltmeter, probe the area between the electrodes and also probe the

area inside the two circllar electrodes. Compare the variations in

electric field strength that is found between the two electrodes with
the. variations that are found within each qf the electrodes.

R The field strength is zero in the space inside one of the large circles; 1t varies

somewhat between the two electrodes.

T

. 4. Near the opposite edges of a sheet of carbonized paper, draw
two points with silver ink to serve as electrodes. Between these two
paints, near the center of the paper, draw a large circle with silver ink.
Using a battery and voltmeter, probe the area outside the circle and
inside the circle and compare the patterns and variations of electric
field strength that are observed.

\ariations in the electric figld strength are observed outside the large circle

but the field strength is zero inside the circle

‘' 5 The placement of the wires from the batjery and voltmeter may
cause distortions of the field on the paper. Experiment by placing the

wires in different positions and try to find the arrangement which will .

cause the least distortion of the pattern. What are your conclysions?

» -

‘The effect of the lead wires is least when these wires are perpendicular to the

« paper. Because the wires are not actually connected to the carbonized paper

.

at,places other than the electrodes, their effect on the electric fisld is very

small and at low voltages cannot be detected at all.

£
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EXPERIMENT ¢ CHARGE OF AN ELECTRON ’

CLASS HOUR ’ Y

’ DATE

PURPOSE

> | e

H

Robert Millikan berfonned an historic experiment which indicated This experiment should be done by

that there is a smallest unit of charge in the universe and developed
an ingenious technique for measuring this unit of charge. This

students working in pairs The lab
partners shquld check each other’s
voltmeter readings and computa-

experiment is repeated here using up-to-date laboratory equipment ons

and techniques that are very similar to those used originally by

Millikan.

$

PROCEDURE

APPARATUS PREPARATION

1 Millikan apparatus

The apparatus may or may not be
equipped with a variable power
supply and a voltmeter If thesé are
not supplied, connetct'them in ac-
cordance with the manufacturer's
orections

Metal plates in observation
chamber

Lamp

o
Check the apparatus before use to be

ff:i\”\ sure that the chamber is clean, the

e delivery tube 1s clear of obstructions,

/ Microscope and the instrument s in perfect
focus :

Squeeze bottle

power
supply

/6// '

Reversing .
)switch

Varigble .




( SUGGESTIONS AND TECHNIQUES N\

1. If the apparatus is cool and damp before it is used,
moisture may collect on the inner surface of the lens when the
light is first turned on. If this happens, take apart the light
housing, wipe off the moisture, and wait a few minutes until the
apparatus has thoroughly warmed up before reassembling the
light. )

2. The microspheres are tiny latex spheres and are mixed
with water. These spheres are almost identical in size and
density. According to the manufacturer, the density of latex is
1.05.X 10° kg/m?. Although the spheres in each batch are fairly
uniform in size, a considerable variation has been found from
batch to batch, so the actual diameters are given on each bottle.
Spheres of diameter 1.011 X 10 °m have a mass of 5.67 X 101 kg
and a weight of 5.6 X 10'°N. If your spheres have a different
diameter, you will have to calculate the mass. Use the
relationship that the mass 1s equal to the density times the
volume, where the volume of a sphere is (4/3)rr2. (Don't forget
to divide the diameter by two to gef the radius.) '

3. To eject the greatest number of spheres from the
reservoir into the chamber, squeeze the plastic bottle firmly
while it is connected to the observation chamber but do not
allow the bottle to expand again until the bottle and chamber are
disconnected. If the bottle is permitted to expand while
connected to the chamber, most of the particles will be sucked
back again, and very few will remafn for observation. .

4. In a fresh solution the microspheres are easily separated,
- but in a solution that has remained on a shelf for several months
the microspheres sometimes clump together and coagulate,
making experimentation impossible. If this happens, it is best to

discard the solution and start with a fresh batch.
5. When the microspheres are first ejected into the cham-

ber, observe them for a.short time without applying any electric
field. They should all fall at the same rate, but any spheres that
clump together will fall faster than the rest and will give erratic
results. Ignore these clumps when making further observations.
6. The most impressive results will be obtained by confining
observations to particles that have very low charges. To select
<these, apply at least 100 V between the plates to clear out the
highly charged particles rapidly as soon-as the latex solution has
been injected. If this procedure should clear out the entire field,
it means that there were probably no spheres with low tharges
present. If the entnre field us"ﬁeared out, squirtin another batch

of latex spheres and start again. -

7. To be sure that a particle is held motnonless continue
observing it for a short time and make slight readjustments to
the voltage. if it should happen,to move. #

8. Do notallow any latex solution to remain in the apparatus
at the end of the experiment. As the water evaporates, the
remaining particles tend to clump together and jam the

apparatus.
9. Although the distance bejween the plates in the observa-

tion chamber is usually given by the manufacturer as 5 mm, it is
always a good idea to check this plate separation before using
the apparatus for the first time. During mass nyan'utacture of
apparatus, individual variations from the nominal value are often

Qserved. ‘ /
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EXPERIMENT 39. CHARGE OF AN ELECTRON -

. R a

NAME CLASS HOUR

The general procedure in performing the Millikan experiment is to
observe a tiny charged particie as it falls in air under the influence of
gravity. Then, as the particle is falling, an electric field is applied
which produces an electric force on the particle in the upward _
direction. The field strength is adjusted until the gravitational force Fg
«is equal to the electric force Feand the particle is held motioniess The
gravjtational force Is the weight of a small latex microsphere. The
electric force is the product of the charge on the microsphere
multiplied by the electric field strength-Thus, when the two forces are

balanced in the apparatus,
»

mg = qE

where
- F
m 1s the mass of a microsphere

g 1scthe acceleration due to gravity
q 18 the charge on the microsphere

E is the electric field streng{h
! required to hold the microsphere
motioniess ) '

To solve for g, we rearrange the above equation

WUrn on the light that illuminates the central chamber.

2. Squeeze the bottle which contains the supply of latex
microspheres so that a quantity of microspheres will be expelied into
the observation chamber. The act of squeezing the bottle causes
friction which applies various amounts of electric charge to each
microsphere, just as a comb is charged w\hen you rur]'}through your
hair.

3. Observe the illuminated particles in the chamber through the
microscope aperjure as the particles slowly fall under the influence
of gravity. Since a microscope usuaily inverts the image, the particies .
may appear to be failing upward. ) \

4 Apply an electric field of about 20,000 voits per meter tp the .
chamber. This can be done b¥ applying a voitage of 106 volits between
the metallic plates at the top and bottom of the chamber if the plates
ard 5 mm apart. If the apparatus does not already have a voitmeter -
and power supply incorporated, it will be necessary to connect a

) voltmeter and variable DC power supply to the plates for this purpose. \

a7 ¢ ) . 177 1’71 ‘
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5. Observe the mo%ment of the particles the instant that the
electric field is applied. The particles which happen to be positively
charged will rush in the direction of the electric field toward the
negative plate, whereas the particles that happen to be negatively
charged will move in the opposite direction, toward the positive platg.
The highly charged particles will experience the greatest force and
will rapidly.move out of the field of- view. However, the desired
particles—those with smaller amounts of charge—will move very
slowly and will remain in the field of view for a considerable length of
time.

6. Focus on one of the most slowly moving particles in the field of
view. By adjusting the volitage and operating the voltage reversing
switch, if necessary, keep the particle absolutely motionlesé.ﬁecord .
‘the voltage in the data chart. ’ .

7. Calculate the charge on the microsphere by Uusing the
equation

X ‘:€;/-
The electric field £ betweem flat, parallel, charged plates equals

the voltage V between the plates divided by the separation d of the
plates, so

q=mg
. (v/d)

The charge g will come out in coulombs if

m s in kilograms (see Suggestuoﬁs and Technigues)
g s 98 m/sec?
V s in volts

d s in meters. ,

8. Repeat the procedures given above, selecting additional

microspheres for observation each time and calculating the charges
by the same method. Do this at least twenty times

9. In the second data chart, arrange your resuits in sequence,
listing the smallest charge first and the greatest last

178 - C.




CEXPERIMENT 39. CHARGE OF AN ELECTRON N

NAME CLASS HOUR

DATA

Distance between plates, d = M m

Sphere
§ ; I
b The precision of the charge values is
diameter, Dia = 1.O{| 10 m limited by the precision of the value
A for the distance between plates.
mass, m = 507 x 10" g ‘ )

-15
weight, mg =5-6_XIO — N

179

v E=% qzr_nEg Charge-data listed in order
Tnal | (V) | (Vim) ] (C) of increasing value
1 |78 b | 35 1 1§x/07"C .
2 118126 | 16 2 1.9 xj0™1%C
|3 |42 28 | 2.0 3 [ 9%x/0-19C
4 22144 | 3| |4 20x1079C
5 140(8.0 | 7.0 s 3.5x 107°C
6 2 lb | 35 6 3.5x 10°9¢,
7 o 32 | % 7 3.5 x107"¢
8 |isol 30| /.9 8 (b2 x107"C -
9 |40| 8:0| 7-0 s 7-0 x107""C .
10 |26/ 5.0 I 10 7&‘0 X\O-‘qc [
n|g5]90| b2 | |1 x0T | st / h
12 |25| 5ol [ 12 || A\O—\qQ A ' >
13 liso| 30| 19 13 |3x 107 9C | Tk e
i 20| do| /4 | 13x107'1°C 3 0o
15 |20 40| 14 15 Ik 00| Bk ’ .
6 125l 50| [/ PRI RS 5 cé@@@@@@f ¢
wlm o] 35 ] 17 Mox 10™MC] oo
18 18 Order of listing -
19 s 19
20 20 oy
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RELATED QUESTIONS AND ACTIVITIES ’
1. Use the data table in which the charges on the microspherés /

are arranged in sequence to plot a graph. The vertical axis sh

indicate the charge and the horizontal axis should indicate the order
of listing, from 1 to 20 (or more). Examine the graph to see whether it
indicates a smooth progression of charge that could be infinitely
divigible into smaller and smaller charges or whether it indicates a
quantized (step-wise) progression in which increases of charge are
always whole-number multiples of Some basic unit of charge. If
quantization is indicated, what would be your value for the basic unit

of electric charge?
q(e) = 1.8 x 10 19

The accepted value of the charge of a sin'gle electron 1s 1.6 X 107"
coulomb. Compate your value for the basic unit of charge to thes
accepted value of the charge of an electron.

coulomb

~

% error E = The value obtained from the data equals the 'accepted value

N

within a 12% experimental error.

2. Although expensjve laboratory voltmeters sometimes indicate
precise voltage readings, they are often improperly calibrated, giving
inaccurate readings. Suppose your voltmeter indicated voltages that

were consistently 10 volts too high. Tell how this would affect your
results. .

The calculated charge values would be smaller.

v 4

3. Reexamine your data for discrepancies between your results
and the accepted value. If they could be accounted for by improper
voltmeter calibration, check your voltmeter.against a voltage standard
(such as a fresh mercury battery) and record your findings.

The voltmeter readings were all too high by approximately 2%

-

4. The precision of the results can be no better than the precision
that can be obtained with the voltmeter and voltage control circuit.
Determine what this precision is by adjusting the voltage so that a
sphere hangs motionless and then finding the smallest voltage which
will cause the sphere to move.

~

The voltage could be adjusted by + 2 volits before the sphere would move. *

~

23
"z
e
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- EXPERIMENTe  OHM'S LAW -
* ’ (
. - NAME : CLASS HOUR
- ——)  LAB PARTNERS DATE
. .
. PURPOSE ]

Ohm's Laxl expfesses the relationships among voltage, current, and This experiment should be done by

S resistance In an electric circuit. in this experiment, these relationships students working 1n groups of two or

' three. It i1s very difficult for students

to work alone because of the many
manjpulations and recordings that
are required.

will be investigated with the aid of an ammeter and a voltmeter.

PROCEDURE

' J It 1s strongly recommended that the
5 voltages be low enough to prevent
overheating, yet high enough to per-

A\ * . mit midscale readings on the am-
. ] ‘ . meters and voltmeters that are avail-
) able

Voitage R
‘ source 12 2 Although time can be saved If the
—| instructor connects the complete’cir-
e B cuit before the studgnts start work,

_much can be learned by allowing the
" students to flounder about somewhadt
, - and gain first-hand experience of
The general procedure to be followed in this investigation 1s t0  therr own in connecting circuits.
connect a resistor to a DC voltage source and measure.the currentin

the circuit as the voltage is changed. The source may ba)either a [tisalsoa good idea to equip the lab

. with rugged diode-protected meters .
v o]
ariable DC power supply or a set of dry cells . which can take a small amount of

1. Connect the output of a DC voltage source to a circuilt  student abuse.
consisting of a switch, a DC ammeter, and a resistor, as shown 1n the '
diagram. Be sure that the positive side of the ammeter is closer to the APPARATUS PREPARATION

positive side of the voltage source in the circuit. Do.not connect the 1 resistor, 25 to 200 ohms
: . . 1 DC ammeter

*

voltmeter to the circuit at this time. 1 DC voltmeter
2 Have the instructor check your circuit before closing the 1 DC battery or power supply
switch to be sure that there are no shorts and that the connections to 1 single-pole switch wire
the ammeter are made correctly. . v .
. . . b T
3. Check that the circuit is operating properly by observing the .

ammeter when the switch is closed. The pointer should move to the
right to indicate that there is current in the circuit.

4. Connect the leads of a DC voltmeter across the resistor,
making sure that the positive terminal of the voltmeter is closer to the
positive terminal of the voltage source. If dry cells or-a low-voltage
power supply is used, the voltmeter connection may be made without .
danger while there is current in the circuit. The voltmeter will indicate
the voltage across the resistor. When you are certain that the circuit is
properly connected and that all connections are,tight, open the T
switch to shut off the current and prepare to take data

5. With the voltage source set to produce the minimum voltage .
that will cause deflections on the electric meters, close the switch and

181 175
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a SUGGESTIONS AND TECHNIQUES )

1. It is important to have an instructor check your circuits
the first time to be sure that they are properly connected. 1f the
ammeter is connected improperly, it can be seriously damaged
and can require expensive repairs. “

2. Be sure that the pointers of your electric meters are on
zero before the circuit is activated. If the pointers are not on
zero, either adjust the meters before proceeding or note the
amount of error so that it may be added or subtracted to the
subsequent readings. .

3. To avoid parallax, read the meters with only one eye open
and positioned directly above the pointer.

4, Open the switch after each set of readings so that there is
current.in the circuit for the least possible amount of time. This
precaution reduces the possibility of the resistor becoming hot

and changing resistance during the experiment. , . /

read the ammeter and voltmeter as quickly as possible without
sacrificing precision and accuracy. Open the switch and record these
readings in the data chart.

6. Adjust the voltage source so that it®voltage is increased in
small steps. At each step, open the switch and record the readings of
the amroeter and voltmeter.

7. Make a graph of current vs. voltage from your data.

DATA
Calculated Resistance
Voltage V = Current | = R=vV
TRIAL (V) 4 Q“,"‘
N Y . 029 23
2 | 0.31 29
3 13 - . 0-34 383
: M 0.36 34
5 b 0.4 39
6 |7 043 “o
7
+ 8 )
9
0 | *
1
1 1g)-
AL
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EXPERIMENT 40. OHM'S LAW

NAME ) .o CLASS HOUR v

RELATED QUESTIONS AND SUGGESTED .ACTIVITIES / N

1. Examine your graph and state the relationship which exists
between the cwre@d voltage m the circuit.

The current 1s directly proportional to the vo/tage .

-
s

2. For each set of data that you have re?Orded in the data chart,
i calculate the resistance by dividing the voltage (in volts) by the
current (in amperes). Enter these calculations in the third c¢olumn of
the data chart. As the voltage is increased, does the calculated . ©ov

*

resistance increase, decrease, or stay the same”? . B

&

As the voltage increased, the calculated resistance also increased, but at a <

& much smaller rate than the current in the circuit The slight increase In , "

resistance at higher voltages was probably due to an increase in temperature

of the resistor

4 -
3 When the meters are connected In accordance with the \I
‘ instructions, a small porgjpngof the current indicated by the ammeter
N is routed through the voltmetesyecausmg erroneous results To avoid
this, try the altefnate circuit shown below Here, the ammeter will
always give correct readings but the voltmeter indication will be high
because the voltmeter 1s across both the ammeter and resistangg
instead of across the resistance alone Compare yo'ur data taken with
the two alternate circuit configurations.\

%

Voltage
source

Although these changes of connection are significant when very sensitive

meters are used for making the readings, the comparatively inexpensive

/ ammeters and voltmeters which are used in most schools are riot sensitive ,

enough to detect these differences. . ’ \

[RIC T
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, Voltage Current  Resistance
(v) {A) Q)
’ "4 0.63 6
' 6 0.78 8
8 0.88 9
10 0.98 10
12 1.06 11
14 116 12
16 1.25 13

_Nichrome wire may be purchased
‘from ‘scientific supply companies.
The wire that was used to obtain the
data in the table was obtained from a
hardware store as a replacem
heating element. ’

6}11

Although nichrome has a large re-
sistance compared with wires of
other material, a short section has a
resistance of less than one ohm. To
obtain this data, a 25-ohm resistor
was connected in series with the
‘n/chrome wire to mit the current in
the circuit and prevent the wire from

getting hot.

C‘h 4

4. Repeat the experiment, replacing the resistor by (a) a
low-vdltage bulb, such as a flashlight bulb; (b) a junction diode. In
each case, take voltage-current data as different voltages are applied
and describe what happens to the resistance of the bulb or diode as
increasing amounts of current pass through it.

The voltage-current data at the left were taken when the resistor was replaced

by a 50W ordinary household light buib. The data indicate that the resistance

of a light bulb is greater when there is more current through the.bulb and its

temperature is higher.

5. Connect a 1-meter length of nichrome wire, an ammeter, and a
switch to the terminals of a low-voltage power supply Connect the
negative terminal of a voltmeter to the negative side of the wire and
clip the positive voitmeter laad to the resistance wire so that there is 5
cm of wire bétween the two voltmeter leads. Record the voltmeter
reading and the ammeter reading. Increase the distance between the
voitmeter leads in 5-cm steps, recording the meter readings at each
step. Graph the data and examine 1t carefullf stating any relevant

ERIC

IToxt Provided by ERI

conclusions that may be drawn. ’
// ) h
LY . - " -
Length of wire Current | voltage |Calculated resistance
N TRIAL (cm) (A) V) ) Q
. L = | = V = B =
2 ‘ 1 5 0-00 020 25
% 2 10 G-00735| 0.20 2o .
¥ 3 15 6.00782] 0.20 | - 20
2 4 20 000730 0.20 2o :
8 oL 5 25 ©.00775| 0.20, 2b iy
=z 6 30 0.007710] 0. 20 20 i
$ ol o e 7 . 35 0-00150, ©O.zo | . 27 —
# %0 50 100 8 . HO Q-0074s5] C.20 ) 27
Length of nchrome 9 H5 O-00740 0. 20 27 . '
" wire (am) 10 50 0-00735] 0.20- 27\
\11 58 0-:0072¢| 0.20 . 2%
N2 60 0.00720] 0.20 '28 .
A;sumingtthe Irhes;stance 191 th 25(; :3\ : gg ggg;f? g .zg > —— ;g
ohm resistor, the connectiong! and _
the leads remains constant 4t abou 15 75 Q0070 0.20 Al
25 ohms, we sge ! resistande 16 80 Q:00702] 0.20 28
of the nichrome wire s directly 17 8s Q00709 ©O.20 29
proportional to the length of the wi 18 90 0-0095] + 0.20 | 29.
. N [19 48 Jo.000630 o0.20 29
20 loo [O-00k82] 0.20 29 -
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FX?ERIMENTo SERIES CIRCUITS /.~ ~7
. »
‘h\th‘ j. , i CLASS HOUR
: LAB'PARTNERS, ] DATE —
- PURPOSE ' ».

1

Comblnatlons of resistors In séries circuits are used in modern This experiment should be done by

positive voltmeterlea%ns clo: er to the positive terminal of the voitage'. ‘ )
itmeter reading and repeat this procedure to- . - .
rsRaand Rj and the totalvoltage whuch . ’ -
" " being producﬁj by Lhe vb\ltage2k . '

source. Record  the v
find.the voltages across resis
ource,

1729
©oies Y

.f’

P

il ) Lt

eléctronic devices from simple swltches_,lo complex analog com- students wbrking indwvidually or in
puters. The principles of operation of ‘many devices are easily pairs. . :
understood by ‘examining the relationships* between resistance, It 1s ot likely that students unfamil-
current, and voltage in basic. series cirtulits. ¢ - -iar with circuit hookups can com-
. ’ 4plefe this entire efperiment in a'
& . conventional laboratory session, be-
: . cause a great deal of manipulation is
- required for each of the.meter réad-
ings. Although 1t i1s-always preferable
to do all calculations in the labora-
tory, so that questionable data can
be rechecked, a great deal of lab time
can be saved by allowing students to
do the data analysis asa homework
. assignment. )
¥
N APP)\RATUS PREPARATION
3 resistors 15 ohms, 25 ohms, and
50 ohms (each 2 to 10 W)
}9 6 chp leads, each 20 cm long with
an alligator clip at each end
1 DC ammeter
1 DC voitmeter -
.- 1 single-pale switch .
\ 1 battery or 6VDC power supply:
Much time and wear en the equip-
. ment can be saved by permanently
N ) - mount/n)glvlhree resistors on a small
. T, blogk of wood and identifying the.
o . . resistors as Ry, Rz and R3or having
: ~ %- lhelr resistances c/ear?y marked.
/T Corinect fhree.resistors in series with a switch and a Jow- . *
voltage source, g@s sr;ewn in the diagram. If, four ammeters are o 0
@QJ available, theWsh uld be coj»nected in the cirguit srmultaneously to "
\measur’e the current'in the different parts of the circuit. If only one 3 . -
ammeter is available, it shd\ufd sbe connected in one of the four kN v )
posmons with clip leads complet the connections at the other
“three posmons Close the switch-a cord the currenfat each of the - | v
_ four locations in the serigs crcunt * ' ’
2. With the switch close and current in the circuit, touch the - > (
voitmeter leads to thé ends of resistor Ry, making sure-that the . B

1

-

\

¥




4 o Ao
C . _ SUGGESTIONS AND TECHNIQUES

' 1. Remember to check the zero settings. of all electric
. meters before they are connected into circuits. If the pointers

are not on zero, reset them or record the amount of error so that
it may be taken into account when recording readings.

v 2. Avoid parallax when }eading meters by holding your eye
directly above the pointer.

/ . 3. Before turning on the current, make sure that all
' connections are tight. Have the circuit checked by the instruc-

T, | tor : T

) "4:'Turn aff the current immediately after making each

' . reading to conserve batteries and to minimizedany changes in

> resistance which might be caused by the heating eddect of the
electric current.

: *5. If the ammeter or voltmeter has several ranges, prevent
damage to the meter by connecting it so that it operates at its

v greatest range Read the meter to be sure thaz it is safe to switch
to one of the lower ranges. hor greatest accuracy select the
- , range which will give a meter readmg neag the center of-the
scale . /
l L
: N X
\%
q E]
e ‘ { . .
" 1
. , . DATA
L s " Norhinal values of known resistors
- " Resistor Ri w19 ohms
. . _
' Resistor R: 25 ohms .
Resist‘or Rs ) 50 ohms\__\
. R A~ . . v
A . - {:
4 » 4 ‘.
: I 4
4 A o . . [Y
1% ! -~ N " .
- - ¢ ' . )\ . ‘/
T - A
) R Current : Voltage ¥ 4 Resistance
. . ' ResistorfAmmeter readings |Voltmeter réadings R = v/l
N (Amps) | = (Volts) V = (Ohms) R =

. | | Ri= | (D= 10 . 1.5 R1=15
o © | me= | ®@- 10 @ 24 | ®me-24
L U e | @10 | @- 47 | RoAT

A}

. S 1m0

-,‘1 Baguiry‘ ‘=~lO; 8-,b ~ (TROt;)gb \K ‘
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'EXPEBIMENT 41. SERIES CIRCUITS ” (’“ ) -
NAME . . - CLASS HOUR
- [ N
. - ‘ .
. ‘Y ' 0 R /“ . -

. . . (
RELATED QUESTIONS AND SUGGESTED ACTIVITIES

1. If the individual resistances of the three resistors are not -
=, known, measuré them with an ohmmeter or by using the anvmeter-
voltmeter method described in the previous experiment. Record-these

values belcw. * ,
A]
Ri= 15 ohms ° Rz= 25 ohms  R3= 50 ohms - ?
] / \ : ¥ ’
1 \
2. The current leaving any circuit element (such as a batte?y'or o “

resistor) must be exactly the same as the current entering it. How do

the readings of the ammeters in your series circuit illustrate this

. _.principle? e S
W - . -~

~ The ammeter readings are-identical in each case . B(

3. The power (voltage times current) that is swpplied by the
voltage source must equal the sum of the fver, Iosses (/2R) in each of .
« the resistors. Using your data for the sefies circuit, ealculate the
* power supphed by the source anddghe power lost by each of thethree ‘ .
resistors. |f the power supplied by the source and the power lost .
through the three resistors are not |dent|ca? calculate your per-

centage error. ' . //'

. Py=1V+= 15W

Po=1V2= 24W A

Ps=13V3= 47W ’ '

Pr=ldg= 86W : : e v
1 , . -
, - ) ! .
4. In d series circuit the sum of the voltages across the'indjvidual )
resistors should be equal to the voltgge that is supplied gy the source. N
Verify this principle by examining your data and calculate the v )
percentage error. - /
. hd 3 : ~
. 15+24+47 =86 ‘ : ) . ~ ‘ ‘
K : ' .
. - . . , .
Within two significant figures, there is no error. \ S
AN :
A i
x| ;




EXPERIMENTe  PARALLEL CIRCUITS

CLASS HOUR

Ll LI T T TN S
- N

v /  LAB PARTNERS,

‘DATE

{

PURPOSE

In this experiment you wlll find out how the voltages and currents In a
»  parallel clrcuit differ from those previously found In the series clrcuit
contalning the sa elements.
13

E Very‘;tudent_should have an oppor-
tunity to hook up the circuit by

. following the circuit diagram. Most
students expserienge difficulty at first,
but improve after a féw trials. .

(-APPA RATUS PREPARATION

3 resistors;.15 ohms, 25 chms, and
50 ohms (each 2 to 10 W)

6 alligator clip leads, each 20 cm
long. - -
1 DC ammeter
1 DC voltmeter
1 single=-pole. switch .

1 battery or 6VDC power sup&

The same apparatus 1s useful for this
experiment and for the previous ex- -
periment on series circuits. on

‘ : v
1. Connect the three resistors in parallelwith the switch and the
~low-voltage source, as shown in the diagram. If four ammeters are ?
available, connect them in the positions shown. If only one is )
available, connect it in each of the positions in turn, substituting clip +
leads for the other three. \ - .
2 Connect the voltmeter Yeads to the output terminals of the
* voltage source, making sure that the positive voltmeter lead is
. conngcted to-the pasitive terminal of the ¥oltage source. Record the
{ ammieter readings in each of the four é:)sitions désignated in the
¥ circuit. Before making each reading, chegk the voltmeter to be sure
' that the voltage of the source has not changed.
3. Record the voltage across the output terminals of the voltage
L source and then move the voltmeter leads across each of the thrae :
resistors in turn. Record all the readings in the data chart. N . . ) ]
4 Y . .n . ’




4 ’ DATA

2 7

Besn§tor Current (1) Voltage (V) Resistance (R1)
Nominal (Amps) (Volts) Calculated
value (Ohms) , value (Ohms)
- ) .
- ) R1 =15 1 =.35 vi=52 arr 4.9
i R2 =297, "1r-,19 y2=5.7" r2” =]14
\ R3 =50 B=]0| vs-52| . Ay=H2
o Total R Total R’
' R1 ‘R2*R3 I4=,(05 V4=52— R'=I4N4a
RT = : R'T =943
. ~ :
. RELATED QUESTIONS AND SUGGESTED ACTIVITIES
. : 1. From your data chart, what do you notice about the values of
w the voltages across the three resistors (V1, V2, V3) and the total
voltage (V4)?
All of the voltages are identical regardless of where they were measured.
2. From your data chart, what do you notice about the values of
the currents in the three resistors (11, 12, 13) and the total current (14)?
14(.65A) 15 almost equal to the sum of I, 12, and I3 (.64A)
'3. Show that the.power supplied by the source (14 times V4) is
equal to the sum of the power lost by the individual resistors (1) (V1)
i + (12) (V2) + (13) (V3). lf these values are not identical, calculate your
percentage error. . . .
I1Vi = (354 J5.2V) = 1.82W | 14Va= (65A)(5.2V)
b .
N 3 I2V2= (.19A)(5.2V) = .99W = 3.38W
- 13V3= ((10A)(5.2V) = .52W
4333w
h §
% =3 - 3
-_ ) o b error = 3.38W — 3.33W < 100 = 15%
) ' 3.38W )
1\153/~ .
b} - . ﬂ

K
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EXPERIMENT 42. PARALLEL CIRCUITS

NAME

CLASS HOUR

4. When there is a junction of,several wires in a circuit, the sum of
the currents going into the junction must be identical to that of the
currents coming out. Refer to your data for the parallel circuit and tell
how this principle is illustrated at the junction of the four ammeters.

The currents from A, A, anqglgo into the junctign (.65.4 ) and (.64A) comes

out. Since the last digit 1s estimated, it is” likely that the same current that

s

goes into' the junction also gomes out
L4

5 In acircuit with branches, if you start at the positive terminal of
the voltage source and follow the circuit through any of its branches
until you come to the negative terminal of the veltage source, the total
‘of the voltages that are encountered must be exactly equal to that

supphied by the source Verify this principle by examining your data

for the parallei circutt and calculate the percentage error.

-
3

1354) (149Q) = §52v » -
(19A)(27 4QY) = 6.2V, - . : '
(10A)(52Q) = 5.2V ‘
To 2 significant digits, the error IS zero ’ ] %
}
\
]
v
o
.9 N

191 .




EXPERIMENT ¢ ELECTRICAL EQUIVALENT OF.HEAT

NAME’

CLASS HOUR

LAB PARTNERS

DATE

S
PURPOSE :
In this experiment electrical energy will be converted to heat, and the
efficiency of the apparatus that makes this conversion will be
determined.

-

0

PROCEDURE

/ Thermbmetet-
I

?‘ ’ Immersion -

‘ . heating coil
v . / . Styrdfoam cup
To source of - .
20 to 30 volts . P

The general procedure 1s to puta knownamount of.electrical energy ,
into a heating coil which is immersed in water and find the amount of

heat that 1s absorbed by the water. . ¢
Data
P Entry
1. Weigh a Styrofoam cup and enter its mass........ Row A

2. Place about 2009 of cold water in-the cup, weigh it, and enter
the mass of the cup and WALET . oree e eeianaeree epeen Row B

3. Place the
completely submer

4. ‘Connect a source of 20 to 30 voits AC or DC to the terminals of 4
the heating coii. In sertes with one of the power leads connect an %
ammeter (AC or DC depending on the power source) having a ranq}e
of 0 to 3 A. p

5. Connect a voltmeter across the términals of the heating co:’l
The voltmeter range shoGlid be suitggle for m)tomg the AC or DC

eating coif in the cup making sure that it is
d in the water.

power supplied. .

4
»

%» —
-  qes, 185 -

This experiment should be done by

' at least two Students working to-

gether. It 1s much too difficult for
students working alone to take all of
the necessary readings.,

APPARATUS PREPARATION
2 Styrofoam cups (one inside the
other to give additional insula-
tion)
< 1 immersion heatiag <oil
1 ammeter (range 0 to 3A) AC or
DC, depending on power source
1 voltmeter (range 20 to 30 V) AC
or DC, depending on power
source
1 thermometer, range 0 to 100°C
1 tnplq beam balance

Although commercial apparatus for
this equipment is available from sci- )
entific supply companies, excellent
results can be obtained by using
one-dollar immersion heaters sold in
drug and hardware stores for heating
single cups of hot water These,
combined with disposable Styrofoam
cups, provided excellent results;’
‘such as those gi¥en in the sample
ata B
Although these coils whi work with
120 VAC, heating 1s much too rapid
in the areasurrounding the coil, and:
thorough mixing of the® water is
impossible. The optimum voltage is
about 30 VAC and can be obtaned
with an AC power supply, avariac, or '
by connecting an electric light bulb,
of the right sizeun series with the coil.

hY

»




The most important of these sug-
gestions 1s number 6. The water must

be thoroughly stirred before gach’

temperature reading is attempted.
The rest of the suggestions are not

rly as important for obtaimng
good experimental results. '

)

Also be sure to caution the students
that inexpensive immersion heaters
should never be plugged in unless
the coul 1s covered with water. With-
out a water covering, heat build-up

will burn out the coil In a few’

minutes.

Ju

o ¥

4 ™
SUGGESTIONS AND TECHNIQUES ' -
1. To minimize heat transfer between the water in the cup
and the,air in the laboratory. try using two Styrofoam cups, one
inside the other, and keep the apparatus covered during the
entire period that the water is being heated.
2 To minimize heat losses m the connecting wires, use
heavy wires and keep them as short as possibie. '
" 3. Good results are obtained with an inexpensive immersion
heater. The type that i1s usually sold in hard»gare and variety
stores for heating a~single cup of coffee works well.

4. Unless the water from the tap is very cold, pour water
from a pitcher of ice water. making sure that no chunks of ice are
transferred .

5. Make sure that the thermometer does not touch the
heating coil.

6. Stir the water in the Styrofoam cup 1mmediately beforer
taking each temperature reading. Failure to do this will give
erroneous results because hot and cold water pockets are
formed I the cup during the heating process = =~ ="

7. This experiment may be done with either alternating or
direct current but be'sure that the voltmeter and the ammeter are
the correct types for the current used.

8. Be sure to avoid accidental grounds when dealing with
power supplies and water If the lab is not specially wired to
prevent accidental grounds, yeu couid receive a shock by
touching a water pipe or gas jet at the same time you are
handling the apparatus,

N

- LN

6 Place a thermometer in the water, turn on the power supply «

‘and allow about a minute for the apparatus to warm up before taking
any measuréments

.7 Start the experiment t5y stirring the water Then, as quickly as
possible, enter the following in the data chart

The inttial temperature of the water....... [ Row D
The starting time ... ... ... ... . . i, Row G
The ammeter reading................... e Row K
The. voItmeter readrng ............................... Row L

h 8. Allow the apparatus to operate until {he témperature of the
water 1s as high above the room temperatutg as it was below the rdom
temperature at the s?art of the experypgent Stir the water, check that
the readings of the ammeter and v&'neter have not changed, and
then as quickly as possible enter the following in the data chart:

The final temperature of the wate . ... .... e Row E
The time at the end of the trale.....................

“**At this point, if the computer program for this experiment is
available, enter the data into the computer for processing and
verification. ! '

e .
v 194 -~ | )
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EXPE\RIMENT 43. ELECTRICAL EQUlVALENT‘OF‘HEAT
NAME y CLASS HOUR
¢
' Ro Data Entry , TRIAL
' ' 1 2 )
A. |" Mass of cup (grams) . om(c) = 5 A
B.| Mass of cup + water (grams) m(c + w) = 138 “ .
C.| Calc. mass of-water (grams) mw) = | ]33
D.| Initial temp. of water (°C) TG) = | 210
E | Final temp. of water (°C) TH = 1507
F | Calc. increase of water temp. T-= 2Q7°
. G.| Starting time to) = {103
H| Ending time . " —_ - o M= [[15
“| 1| Galc total time (sec) t= 1720
¢ J | Calc. heat absorbed (calories) Q= {3950 )
K.| Ammeter reading (amps) . =10 78
t. | Voltmeter reading (voits) = 1300
M.| Calc. electric energy (joules) = {6800
N | Calc. elect equiv. of heat, Jrcal= | 4.25
O | Efficiency of heater (%) Eff = [ Q7.8 . ' .
,
< ) <)
e ’
C:LCULATIONS. i - =

Whether or not the computer program for this gxperif{eh? isf
avaiable, perform the following calculations and enter the results in
the specmecf row of the data chart. w

1 Calcutate the mass of the water in the cup by subtracting the
mass of the cup from the combined mass of the cup and

172 1 (=] (e Row C
‘ 2. Calculate the increase in temperature by subfracting the‘mmal
temperature from the final temperature ........ e Row F

3. Calculate the time interval during which the heating took place )

by subtracting the initial fime from the final time .......... Row | ' - -
. . 4 Calculate the number of calories of heat energy absorbed by
. the water by multiplying the mass of tHe water.by'its‘change in p
> temperature ... U s Row, J )

5. Galculate the number of joies of electnc energy that were

consumed by multiplying the volts, ampergs, -and the time in

MC =1 70 ) £ (o L 3R 8 7 ........ Row M 3 A
B U . 19 ' '




¥
TIME

e\ .

6. Calculate the electrical equivalent of heat (the number of
joules of electric energy to supply one calorie of heat energy to the
water) by dividing thejoules by the calories .............. Row N

7. Calculate the efficiency of the heater to convert all of the
electric energy into heat energy. Use the relationship:

Eff = Q x 4.19 J/cal x
Electric Energy

100%.... Row O

RELAYED QUESTIONS AND SUGGESTED ACTIVITIES

1. The accepted value for the electrical equivalent of heat is 4.19
J/cal, Compare the value that,you calculated with the accepted value
and calculate the percentage error. ' -

[(4.25 Jjc — 4.19 J/c)/4.19 J/c™ % 10G% = 1.43% |

L4

2. in this expenmenf,fzo allowance was made for the heating of

the thermometer. How did this oversight affect the value of the
electrical equivalent of Jeat that you calculated?

The actual amunt of hedt absorbed by the water should have been greater,

P

giving a value that is closer to the ideal

L
3. Compare .the electrical equivalent of heat that you obtained
with the values that were obtained independently by other members
of the class. If the values obtained jn the laboratory were consistently
higher or consistently lower than the accepted value, analyze the
procedures carefutly and try to pinpoint the major systematic errors
in the apparatus or in the procedure which were responsible

All values are higher than accepted values Some heat was absorbed by

s

thermometlv, containers and surroundings. ’ g

4. Repeat the experiment taking the temperature of the water
every 30 seconds while it is being heated by the coil. Make a graph of
the temperature vs. time. If the water is being heated uniformly, the
graph should be a straight line. Account for any deviations from the =

stranght hne in your graph.
The graph fine
TIME. TEMPC TIME TB“PC TIME starts out straight

0 22.0 240 33.0 4 S.90 but starts to flatten
LO 23.5 300 3b-O 4.0 at the top dueé to heat
120 27-0 360 3¥.2 4.0
(80 3z.0 420 400 50.7

K

5. Compare the efficiencies of these inexpensiye heating coils
with those of the more expensive electric coffee percolators.
Summanze your results below and attach a copy ot your detailed
test procedures and data. .




EXPERIMENT ¢ RESONANCE IN ELECTRIC CIRCUITS

NAME .

CLASS HOUR N

/ LAB PARTNERS

»

DATE

PURPOSE

Just as Iarge-ampmude vibrations are praduced in mechanical
ob]ects when energy Is added at their natural resonant frequencies,
resonances are also produced in circuits when energy is added at the
correct frequency. In this experiment the resonant frequency of a
circuit containing inductors and capacitors will be investigated.

J PROCEDURE
Lamp with Capacitor
(0.5 t0 1.0 uF)

6V bulb

I

74—0/

Audio Audio (
osctifator amplifier
N r_ \
Coil
Voltmeter N Voitmeter {210
N or "\ or 4 mH)
oscilloscope oscilloscope”

"

1 Connect the output of an audio oscillator.to an audio arhplifier.
Across the output terminals of the amplifier, connect a lamp, a coll,
and a capacitor in series, as shown in the diagram Shorting switches
or chip leads should be connected across the coil and capacitor so
that they may be easily by-passed when desired.

2 Connect an AC voltmeter or an oscilloscope across the output
terminals ‘of the audio amplifier to monitor the output level of the
amplifier. Connect a second AC voltmeter or oscilloscope across the
terminals of the lamp to provide quantitative data agross the load

. 3. Close the shorting switches or connect chp leads across the
coil and capacitor. Turn on the audio oscillator and amplifier, and
adjust the amplmer output so that the bulb filament is it with
reasonable brilliance. Record the level of the ampilifier output that 1s
indicated on the voltmeter or oscilloscope cormected across its
terminals. Dyring. the steps which follow, if'may be necessary’ tp
readjust the amplifier output or volume control from time to time to
maintain the same level at the output terminals,

, 4 Set the audio oscillator to praduce & frequency of 2 kHz.
increase the frequency ta 15 kHz in 0.5-kHz steps, observing the lamp
and recording’ the voltages acr(ﬁit in column A of the data chart.

197

N - I T on WP A W

i

)

Because the apparatus needed for
s experiment 1s comparatively ex-
pensive, 1t 1s not likely that more than
one group of perhaps two or three
students can work on the experiment
at any given time. c

For optimum resuits, 1t is suggested
that a group of students be assigned
in advance to set up and do some
prelirminary runs with the apparatus.
Then they can take actual data in
front of the class while the rest of the
students record data and analyze the
results in their own lab bboks

APPARATUS PREPARATION

1 audio oscillator or audio signal
generator capable of producing,
sine waves from 0 to 20 kHz
audio amphfiér capable of pro-

ducing an outputof 5 Wormore. o

_A classroom tape recorder or
phonograph will do.

1 AC voltmeter with a high im-
pedance, such as a Vafuum-rube
Jor solid-state voitmeter (an o0s-
cilloscope may. be substituted)
(Although a sécond voltmeter is
called for, one meter can serve
_both purposes il it 1s switched
from one position to the other in

" the setup }

1 capacitor, 0510 10 M F

1 coil {(about 2 to 4 mH) This can
be made by scramble-winding
about 400 turns of No. 28 insu-
lated wire on a 2-cor pencil stub

1 6V lamp

-




] -~

* | the voltmeter should have a resistance of at least 26,000 ohms:

<%

' SUGGESTIPNS AND TECHNIQUES -/ \

1. 1t an AC voltmeter is beiﬁg used to monitor the voltage at
the output terminals and to measure the voltage across.the lamp;

per volt so that its effects on the circuit being measured will be
minimized. .

2. df an osciffoscope is used for monitoring and voltage
measuring, set the horizontal frequency of the oscilloscope at-
about 1000 Hz and leave it set at this frequency for the entire
experiment. Set the vertical gain control so that the height of the
trace On the screen is about three quarters of the maximum
during the first run, when the coil and capacitor are shorted out.
If the oscilloscope does not have a grid over the screen, tape a
piece ‘of semi-transparent graph paper over the screen: and
record the voltage indications in arbitrary units marked on the
graph paper

3. If the audio (n;plifier has a choice of several output
terminals of various impedances, choose the set of terminals
which 1s marked with an impedance of 4.

4. Be sure to check the output level at the amplifier
. | terminals before each reading is made. Readjust the output
control if the level should change from the initial settmg

|

\ /

5. Connect an inductor to the circuit by removing the short
across the coil. Repeat the procedure of the step above by starting the
audio oscillator at a frequency of 2 kHz and increasing it in 0.5-kHz_
steps to a frequency of 15 kHz. At each step record the voltage acrass .
the lamp in column B of the data chan.

6. Replace the short across the coil and remove the short from
the capacitor so that the capacitor and lamp are n the circuit. Repeat
the procedure of the step above by changing the frequency of the
audio ostillator from 2 to 15 kHz and recording the voltage across the

. lamp at 0.5-kHz intervals in column C of the data chart

-

-
-

See sample graph on opposite page.

7. Remove all of the shorts so that the capacitor, coil, and lamp
are connected in series with the amplifier output terminals. Startings _
with the audio oscillator at a frequency of 2'kHz, increase it to 15 kHz
in Hz steps, recording the voltage across the lamp ateach stepin
" columfi D of the data chart.

8.0n a plece of graph. paper, plot the frequency on the
horizontal axis and the voltage chart, draw four curves on the same
set of axes as follows:

a) Circuit with pure resistance (only the lamp in the éircuit and

negligible_amounts of inductance and capacttance)

b) Gircuit with inductance and resistance (lamp and coil in the
oircuit). ) .

c) Circuit with capacitance and resistance (lamp and capacitorin
the circuit).

d) Circuit with.resistance, inductance, and capacitance (lamp,
coil, and capaciter in the circuit). ) .

a9
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NAME

CLASS HOUR

CEXPERIMENT 44, RESONANCE IN ELECTRIC CIRCfTS

/

/

- Voltage across the lamp (V) /
A B C! Inductance, D},
Frequency | Resistance | Inductance Capacitance | capacitance,
" (kHz} only and resistance | and resistance ang resistance
20 | 035| 04Q5]| 0-20 |/ 020
~ 25 | 0.35] 0.85| o0.22]|/ 0-10
3.0 0-35 072] 024 || o-lo
3.5 035 070| 0:2b | 025
30 | o35] 0.70| 028/ ©47
4.5 035] 069| 0.20| 020
5.0 0.3§ 0-b% 0-3/ 013
5.5 0357 0-6% 6.32 | .0-20
6.0 035 0.b5| 032 050
6.5 035 O.d | ©.32] 110
7.0 035 0-b2| 0-32 . 170
7.5 035 Qbl | O3L [-§0
8.0 035 0.L2| O3 (43
X 0.35| Ob2z| 0-33 I-00
90 | ©035] 02| 0.33 050
95 | 0335 OL2| O-34d| 030
| 100 035! o4o{ 020
105° | 0-36 o-4o| 0O.17
110 0.35 o-4o 0.1
115 035 O-32 O.12
12.0 0.3% ©.32| 010
12.5 0.35 | 030 O 08
13.0 0.35 ‘0-30 0Dl
135 1. 0.35 [ { O-3I O-08
140 | O.38 / 0-32{ -0.04
14.5 0-35 O -32 0 0%
150 | 0.35 033 | D02
194
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Apparatus used for sampleidata:

‘-

, Cenco audio oscillator
amplifier of the school recorder

RCA Volt-ohmust
0.5 U F capacitor

coill made by winding 400 turns of
enameled wire (/Mm &yoke of
discarded TV set) around a 2-cm

pencil stub

lamp bulb /ffom 6 V lantern

20
- d Inductance,
L Capocitahce,
> bsh and
g‘ & resistamce
o [ ‘llhductahce
g | and
a resistance
g I
- 3
9 10
2 .
v Capapcitance
g ,and
‘e L resistance
-8
05
3 ﬁ,‘ﬁ
0olt-t 1 1 | 1 1 1 oD%
00 50 100
Feepuency (kHz)




The inductance of the coil was not
known, so it was assumed.that the

inductance was 2 millihenries

Using the value of 2 mH for the coil
resulted in an error of 50% between

calculated and experimental results. -

Working backwards from the exper-
imental data, it was determined that
the ecror would have been zero if the
coil was 1 mullihenry instead of 2.

1

L= 41 2f2¢
Substituting
f=273x 10 Hz

and C = 0.5 x 10°%F
into this equation gives
L=1mH

[

- -t
T -

RELATED QUESTIONS AND SUGGESTED ACTIVITIES

1. Refer to your graph and state the: relationship between the
maximum voltage across a resistor (the Iar‘np in this case) and the
applied frequency w/hen the circuit contams

é

The voltage rerrfa/ned constant as Irequency was

a) resistance only. .

changed. .

» - .
. . S the fr -
b) resistance and inductarce. A e( frequency increased, the vol

£

<

tage decreased, then flattened out.
: 4

. “As the fre ;Jenc increased, the vol
c) resistance and capacitance. - quency d, the v

<
tage increased, then dropped shghtly and began to increase slowly.

» -

d) resistance, capacitance, and inductance, ___ Thelm”age reached a

small peak at 40 kHz and & much larger peak at 7 3 kHz, then fell rapidly to zero.

2. When the natural fréquehcy of the lamp-coil-capacitor circuit
has been reached the lamp wnll glow the brightest and the average
power supplied to the circuit will be a maximum. Exan‘:ne your graph
and record the frequency at which this resonance occurs..

7.3 kHz

’ r

- 2

—T
Kl

If the capacitance and mductance values are known, the value of the
resonant, frequency *f |n hertz can also be calculated from the

equanon .
‘ fa 1
27/ LC -

is the inductance of the coil in henries

€

where. L

C is the capacatance n farads

Compare the calculated frequency with the one ‘that w
mentally derived and determine your percentage error.

f= . P Y 1 =5 kF/Z (50% effOr)
2 /(2 x 109 H)(05 x 106 F). S B

experi-

~

3. Sehup your own experiment using g capacitor ané a coil that

have slig
resonant frequehcy of the circuit using the equation given above and

find the resopant frequency experimentally by graphing your data.
Compare these values -and calculate your percentage error.

UsLng the corrected value for the coil of 1 mH and'usmg a 1M F capacitor, it

~

was predictéd” that the resongnt frequency would be 5 kHz: This was-

T Ed
3
) . N -

confirmed axberimentally using- the same apparatus set-up. .

L . ¢

€1y
200 ;v &~

tly different values from those aiready used. Predict the .

T




EXPERIMENT ¢ MAGNETIC FIELDS,

NAME - o

i .
LAB PARTNERS.

CLASS HOUR

DATE

A |
Lo PURPOSE

! In this experiment the concept of magnetic field will be developed by
Investigating the space around the magnets. '
Arrow showing direction

‘ 4 .
- Small cor]mpass @ \ of magnetic rforth .
g . ~@
Nl i

-

s PROCEDURE

- .o . L)
"1. Place the north pole of a bar magnet under one end of a sheet*
of cardboard or stiff paper, and place the south pole of a second bar

magnet under the other end. ,

: 2. Sprinkle some jron filings evenly over the cardboard Tap it
gently and observe the patterns which are formed. These patterns
show the shape of the magnetic field between the two bar magnets.
Copy this pattern as ‘accurately as possnble in the space provided'in
this manual. » .

3. Collect the iron filings and place g piece of graph paper oyer
the cardboard..Draw the central force line between the two magnets
by conhecting the center of the north pole of -one magnet to the
center of the south pole of the other magnet. Check this line by
placing a very small magnetlc compass {2 cm or less in diameter) on

. the line near the north pole and slowly move it ard the south pole.
The compass needle will always poinf in the direction of motien if the
force line is accurate. J e

4. Draw a second fqrce line roughly parallel to the original line by
placing the s;'nall magnetic compass near the north pole of the bar
magnet a short distance above the original force line. Place adot on
- K the paper directly behind the tail of the compass needle and another
. dot at the head of the compass needle. Advance the compass to g new
. position so that the tail of the compass neetle coincides with the dot

-, that was placed at the head. Place a third dot at the head of the
' compass needle in its new position. Keep advancing the compass in
this manner until the second bar magnet is rfeached.

., 193
"t

G- 7 '
. 201

This expér/menr 1s best done by
students working alone without lab
partsers While one student is work- .
ing with the equipment, there 1s very
Iittle for a {ab partner to do

APPARATUS PREPARATION
2 steel’bar magnets
1 sPeet cardboard or stff paper
1 salt shaker of iron filings
1 tiny magnefic compass

Although concepts of magngtic field
shapes can be learned quickly by
sprinkling iron filings around a mag- ,
net, a great deal more can be learned
by meticulously plotting the field
with the aid of a tiny magnetic
compass The assymetrical panemk
due_to the earth's field and the
magnetisim of steel building struc-
tures become readily apparent f\l
though the results are quite re-
wardmg, thé work is tedious, afid
personality differerences among stu-
dents who enjoy this kind of exercise
are interesting to observe

v




EXPERIMENT o

NAME

i

LAB PARTNERS.

CLASS HOUR

-

DATE

{
PURPOSE

In this experiment the concept of magnetic field will be developed by
Investlgatlnq the space around the magnets.

N

¢

Arrow showing direction
\j of magnetic rorth

(24

Small corppass @

-

PROCEDURE
-, - - “ l A
1. Place the north pole of a bar magnet under one end of a sheet?
- of cardboard or stiff paper, and place the south pole of a second bar

magnet under the other end. \

2. Sprinkle some jron fnlnngs evenly over the cardboard Tap it
gently and observe the patterns wt’uch are formed ‘These patterns
show the shape of the magnetic field between the two bar magnets
Copy this pattern as 'accurately as possuble in the space provided'in
this manual. » .

3 Collect the iron filings and place g piece of graph paper over
the cardboard.. Draw the central force line between the two magnets
by conhecting the center of the north pole of -one magnet to the
center of the south pole of the other magnet. Check this line by
placing a very small magnetlc compass (2 cm or less in diameter) on
the line near the north pole and slowly move it ard the south pole.
The compass needle will always poinfin the direction of motien if the
force line is accurate. J e

4. Draw a second fqrce line roughly parallel to the original lineby ~

placing the s;nall magnetic compass near the north pole of the bar
magnet a short distance above the original force line. Place adot on
the paper directly behind the tail of the compass needle and another
dot at the head of the compass needle. .Advance the compass to g new
position so that the tail of the COmpass needle coincides with the dot
that was placed at the head. Place a third dot at the head of the
compass needie in its new position. Keep advancing the compass in
this manner until the second bar magnet is reached.

T ., 193

This expe?r/mem 1s best done by
students working alone without lab
partaers. While one student i1s work-
ing with the equipment, there i1s very
Iittle for a {ab partner to do.

APPARATUS PREPARATION
2 steel’bar magnets
1 sPeet cardboard or stiff paper
1 salt shaker of iron filings
1 tiny magnefic compass

Although concepts of magngtic field
shapes can be learned quickly by
sprinkling iron filings around a mag- .
net, a great deal more can be learned
by meticulously plotting the field
with the aid of a tny magnetic
compass The assymetrical patterns
dye to the earth’'s held and the
magnetisim of steel building struc-
turés bgcome readily apparent Al-
rhougp the results are quite re-
wardmng, thé work s tedious, afld
personaiity differerences among stu-
dents who enjoy this kind of exercise
are interesting to observe




( SUGGESTIONS AND-TECHNIQUES \

1. This experiment will work best with bar magnets which
are made of steel or irpn. It will be found that alnico magnets are*'
so powerful that the iron filings tend to come togethér instead of
remaining near thejr original positions.

2. The polarity of small magnetic compasses often reverses
during the experiment when they are brought close to the bar
magnets. They should be checked for polarity reversals fre-
quently by 'movmg them away from the experimental apparatus
@d see whether they pdint toward or away from magnetic'no‘rth. S

.

. X,

5. Repeat this procedure, starting from different spots near the
north pole of the bar magnet. When you have finished, you should
have a series of six to ten lines which are roughly parallel to each
. other‘dr\q(wn between the poles of the bar n?ggnets.

6. Draw an arrow on your graph paper to indicate the direction of
magnetic north in‘relation to the bar magnets

]

DATA

~

' Drawing of magnetic field patterns shown by iron filings

Arrow
showing
direction
of
magnetic
north

RELATED QUESTIONS AND ACTIVITIES

1. 1f you did Experiment 38,  compare the patterns that are
produced by electric field lines betleen positive and negative
electrodes with the magnetic field lin between north and south
magnetic poles.

The equipotential Itnes drawn Ior pornt electrodes are -basically at right

LYY

angles to thé magnetic field lines for rhe poles of bar magnets.

4
‘x
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EXPERIMENT 45. MAGNETIC FIELDS

- * #

»

CLASS HOUR

1

Y L4

2. Compare the symmetry of the magnetic field lines on either‘
side of the two bar magnets. You will probably find that the two halves
of the pattern are not symmetrical because the earth’s magnetic field
distorts the theoretical pattern between the two bar magnets. Check
the magnetic field patterns carefully for this asymmetry and predict
the direction of the earth’'s magnetic field in the laboratory. Verity this
direction with the*aid of a magnetic compass. ,

The steel framework of the scHool buildings as well as metal pipes running

through the floors and ceilings sometimes create such strong magnetic fields
g g mag

that they obscure the magnetic field of the earth.

3. Repeat the magnetic field experiment several times with the
apparatus held In diffefent directions with respect to the earth’s

magnetic field. In each case predict the asymmetries which should
occur in the patterns and verify yqur predictions.

,This 1s a simple task but it requires more patience than most of the othestasks

in this lab manual Students who havegthe patience and desire to complete

such a task and draw meaningful conclusions should be encouraged to

ﬁursue sclentific vocations or related work which requires these attribuates.

¥ -

o
<D
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N

v ‘e - ‘.
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EXPERIMENTe FORCES BETWEEN CURRENT-CARRYING CONDUCTORS

’

NAME ‘ N\ CLASS HOUR
: \ ) . L e
LAB PARTNERS \ g + DATE L

PURPOSE ) o

" Current-carrying conductors exert forces on each other. The

relationships that exist between those forces, the current, and the
geometry of the conductors wili be invegtigated in this experiment.

-
ey

g *
‘PROCEDURE .

Pointer Sensmwty control

r\Q - (30unterwe19ht L

edge
contact

Movabte

loop —

Fixed coil 1

’

The general procedure for investigating forces between current-carry- '

ing conductors involves the use of a current balance. This device con-

sists of a fixed bundle of wire (the fixed coil) andamovabieloop of wire «

which is delicately suspended near the fixed coil. When theré is
current in each of these conductors, the fixed coil exerts a-repelling’
force on the movable loop, which cadses the-movable Toop to swing
away from thé fixed coil. Weights of known value are then added to
the movable loop to restore it to its original position. Since’the
restoring force due to the added we@\t is equal to the force between
the current-carrying condugtors, we can measure the value of the'

. * 205 . 198

-

f#f

This experiment should be per-
formed with students working n
pairs. Not all students have the pa-
tience: and the ability-t0 make ‘the
precise movements and delicate ad-
.lusrmenrs which are requied for this
exper/megr

“APPARATUS PREPARATION
The currgnt- -balance apparatus is
available from suppliers of PrO/ecr
'PhyS/cs equrpmegt !
K4
addition to the basic current
balance and the accessories that
- come with it the following items

are required
.
-

2 ammeters, dc. 040 54  °

2 power supplies capéb/e of gro-
#ucing about 6 VDC at 5 A

1 small permanent magnet

1 pair ‘of tweezers for handiig

P small weights 8

1 set of small -wire we/ghrs
These can be made by removing .
the insulation from ordinaty lamp
cord, separating the strands, and

. cutting each strand into lengths
of 1cm. 2 cm, and 5 cm. Each
centimeter of this wire has a *
mass “of 17 and 18 mg and
weighs about 17 x 107N, *




Thé current balances from different
manufacturers vary quite a bit. It is
important that you read the specific
instructions which accompany the

current balance and furnish supple-

mentary notes for the students to
save them time and help them obtain
better results.

4 " SUGGESTIONS AND TECHNIQUES )

1. An acceptable gower supply would be a 6-volt or 12-volt
storage battery with a rheostat connected' In series to vary the
current. A low-voltage laboratory power supply will also work
well if it is well filtered. In a poorly filtered power supply, the AC
ripplé which accompanies the yutput will cause the movable
loop of the apparatus to vibrate.

2. To measure the distance between the movable loop and
the fixed coil, it may be found to be more convenientto measure
the distance between the nearest edges of each coil and add this
value to the sum of the radii of the movable conductor and the
fixed conductor. The radii of the respettive conductors _may be
found with a micrometer caliper.

3. Before each trial, check the zero setting of the pointer to
\ be sure it has not shifted. J

4
force between the conductors. Proceed as follows

A. Setting Up the Apparatus \
1. Place the frame upright on a sturdy table

2. There are several U-shaped, bent wire loops supplied with the
equipment. Attach the lafgest of these loops to the horizontal
suspension bar so that the center of the loop hangs about 0.5 cm in
front of the fixed coil and is parallei to this coil {see illustration). When
this has been done, the horizontal suspension bar and the loop should
swing freely in front of the fixed coll, since there is very little friction at

<

the knife .edge contacts. .
+ 3. A long pointer and a balancing counterweight are also

‘attached to the horizontal suspension bar. Adjust thg posmon ot the

counterweight so that the pointer 1s horizontal

4. When the pomtgr is horizontal, tasten the zero position
Indicator to a ring stand, using any convenient clamp, and adjust the
height of the indicator so tha\tt%1 tip of the pointer cotncides with the
center of the notch. A fine line drawn at the center of the notch will
provide a convenient reference point to determina when the loop is
hanging in its normal position and the pointer i1s horizontal

5 A sen§itivnty control, consisting of a vertical wire and a clip
above the center of the horizontal bar, provides a means of adjusting
the sensitivity of the apparatus as forces are applhied Raising the chp
raises the center of gravity of the moving part of the apparatus,
making 1t swing more easily. Adjust this control for maximum
sensitivity but be careful that the apparatus does not become so

‘unstable that lt topples over. >

6. Conne.ct the output of a variable, low- voltage DC power
g‘upply (6 to 8 volts at 5A) to the flat horizontal plates on which the
horizontal suspension rests. This establishes an electric current from
the power supply through the knife edge contacts to the suspended

* 'movable loop. If the power supply does not have a built-in ammeter. it

ill be necessary to connect an external ammeter (having a range 0 to
10A) in series with one of theoiower supply leads.

7. Check the operation of the circuit by turning on the power
supply and slowly increasing the voltage while holding a small
permanent magnet near the movable loo® As the voltage isincreased,

. -~ g08 107 "
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EXPEF!MENT 46.FORCES BETWEEN CURRE_NT-CARE!YING CONDUCTORS

NAME

CLASS HOUR

v AN

3

the loop should start swinging either toward or away from the
permanent magnet as a result of the force exerted on the current-
carrying loop by the magnet. By reversing the permanent magnet, you'
should bée able to make the loop. swing in the opposne direction.

8 Connect a second variable DC power supply and ammeter to
the fixed coil of the appard\us maklng an mdependent circuit.

9. Turnon both power supplres and observe the effect of th&orce

exerted on the movable loop by the fixed coil when there s a current’

throygh each. *

10 Intefchange the coringctions , between one of the power
supplies and the terminals on th,e apparatus to which it is connected
This causes one of the currents to reverse its d|rectron Notice that
this also changes the direction of the force on the movablgloop Fix
the connections so that the pointer will move up whenever?te power
supplies are turned on. . . ot

11 A roll of thin wire 1s supplied wuth the apparatus Cut this wire
into lengths of 1 em, 2 cm, 5 tm, and 10 cm. Bend each length into
an S shape so that it may be hung on the notch in the pointer, or from
one of the other lengths in order to restore the pointer to its zero
position. Have one set of wire weights 6n hand and makeé additional
wire weights as required. durnng the éxperimenting which follows

This completes the preliminary adjustments to the apparatus

- ‘; * . {
B. Finding the Relationship between Force and Current

1 Adjust the position of the horizontal suspension bar so that the

. movable loop'is parailet to the top section of the fixed loop and hangs

about 0.5 cm In front of it. )

2. Ad{ust the variable power supply that i1s.connected to the fixed
coil so that the current is 3 A. With no current 1n the movable loop,
.adjust the counterweight "so that the pointer is horizontal and
coincides wrth the zero posrtron mark. . ot

3. Ad;ust the power supply that is connected to the movablg loop
so that its ammeter reads 0.5 A. Thrs\,should create a force which
Gauses the loop to be’‘repelled and the pointer to move up. +

4 Add wire weights to the notch in the pointer until it is restored
to its zero position. In data chart I, record the total number of
centimeters of wire that were requrred

5. Incréase the current in the movable coil in half -ampere steps
until a total of.5 A is reached. At each step find the amount of wire
weights that 1s needed to restqre the pornter to its zero ppsition and
record this in the data Chart. -, . .

. 6 Prepafe a graph with force (expressed in gentimeterg®of wire)
along the vertrcal axis and current (|n amperes) along the horizontal
-axis. , - -

7.

1t1s very convernent to measure units
of force in terms of centimeters of
No 30 wire To findthe actual weight
of a centimeter of this"wire, a useful
technique is to have the students find
the mass of a long length of the wire
on a triple beam balance.

For examiple, assume that a 1-meter
length of wire has amassof 175g, or
175 x 10° kg, on a triple beam
balance. To find its weight in new-
tons, we multiply the mass in Kilo-
grams by 98 N'kg and obtain 17 x

10 2N One cm would weigh only one
hundredth of this, or 1.7 x 10°* N.
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C. Relationship between z:orce and Distance Separating : -
Current-Carrylng Conductors e

s ' 1. Ad]USt each of the variable poyer supplies s0 that a current. of
v about 4.5 A is in each of the circuits. . .

v 2. Turn off both power supplies and adjust the honzontal

. suspension bar so that the horizontal distance between the fixed coil -

_ ’ and the bottom of the movabie loop is 0.5 cm agd the pointer is.
. horizontal at the zero position mark. The distance can bg set with the
- aid of a pair of dividers or a compass of the type that is used to draw
circles. Using a centimeter scale, set the points of the compass 0.5cm
apart. -Then use the compass or dividers as-an aid m"ad}ustmg the
y ) “distance between the parallel wires. The distance between the wires
- '/ should be measured between the centers of the two wires.

3. When y'ou are certain that the distance between the movable q
loop and the fixed coil 1s exactly 0.5 cm and the pointer is at the zero .
position mark,-turn on both power supplies and check that eachypf the
. - ammeters still reads’ 4.5'A.

y 4. Add wire weights to the notch of the pointer until it is restored
' _ to the zero position mark Record the number of centimeters of wire in
‘ . data chart Il . !) « -

i 5 Increase the distance between the fixed cbil and the)ﬁovable
- loop igRalf centimeter steps until the two are 6.0 cm apart. Each time
the distance is increased, check the zero setting of the pomt@r with 4
- the current turned off. Then, with the current’on, add wire weights to
restore the pointer to its zgro position For each distance, record the
required balancing.weight in the data chart. 55 “ - !

6. Plot the data on a graph with force (measurad In centimeters
of wire) on the vertncal axis and distance between the conductors (in -~ .
" centimeters) along the horizontal axis.

-

D. Relatlonshlp between Force and the Length of a Current- Carrylng .
Conductor .

1. Adjust the position of the horizontal susperision bar so that the

movable loop is approximately 0 5cm in front of the fixed coil. Set the

counterweight so that the pointer 1s horizontal and coincides with the

zero position mark: Turn on the power supplies and adjust the current
: in each of the circuits to approximately 4 A. Add wire'weights to the * r

notch on the pointer until the pointer ig restored to the zero position

4 mark. Record the weight (in centimeters of wire) in data chart Ill.

2. Turn off the poyer supplies, being careful not to disturb their
. settings Remove the movable loop from the harizontal suspension
\ ‘ bar and substitute a second loop that has a shorter horizontal section
in its center portion. Adjust.the apparatus so that the fixed and
movable wires are the same distance apart as they were in Step tand ™~ _* -
turn on both power supplies. Check that the current in each circuit is
the same as before. Record the amount of wire weights that must be

addedfto the pointer notch to bring the movabile loop back to'its.zero
position. Also record the length of the wire in the center horizontal

section of the loop.

¢ . 3. Repeat the above procedure one or two more times, substi«
tuting the other loops. In each case, record }he amount of wire
weights required to bring the pointer back to its zero posmdn and the

Q length of the center horizontal section of the loop. '« .

ERIC 9
_ \ s 100 .
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- EXPERIMENT %.?ORCES BETWEEN CURRENT-CARRYING CONDUCTORS

~

” - .
. NAME - o 5 + CLASS HOUR
P o - ) < X
\.- . - Vv . ] ‘ ' . .
) 4. Plot a graph with the restoring force (measured in centimeters 1o
. of wire) along the vertical axis and the length of the center horizontal -
section of the movable conductor along the horizontal aXis. - - , 8l
See sample graph at botfom of this page. * . ? i
‘ £ 3
DATA 3 er
oy, . ¢ X .8 =
L NS " £ Ly
I Force vs Current Il Force vs Distance X -
in Conductor between Conductors Mo |
+ Current Force ' Distance Force % !
TRIAL (A) (gm of wire) TRIAL - {cm) | -{cm of wire} L
b - F = . b'e E - o ! 1 1 1
- 7 7 o I 2 3 4
' 0-5 z ! o5 |. 8 Currert (A)
. »
vl e I-O 3 2 l-O 5
. . N
3 L5 Lf 3 .8 3
4 "2:0 S 4’ 2.0 3 ¥
5y 2-5 b - | 2:5 z T D ’
Y [ R
&6 + 3.0 7 6 3.0~. A b .
7 | .35 | 8 - 7 35 2 o~ T
6 -
T ag 4| [ el
: : 9. % 4l
10 N 1. 10 g .+
- 11 11 . ‘é 2t s
4 (] I~
12, ! ) 12 = 1 ] I
o
3 v ~ © 1 2 3 4,
: . . Distance between
/Il Force vs. Length of Conductors Corductors (cm)
. . Lépgth Force
‘ TRIAL {cm) (cm qf wire)
N ’ L= £ -
R 1 3 " O . 8 — O
~ . .
. 2 1b-0 ~
¥ 4
3 7.0 3 61
] \ o
4 3.5 3 C74
4 -
< - £ 4
@‘ 3
- lé 2 - ’
. , N | .
N ) 1 ’{1 1 J
o 10 20 30 4o
. Length off
- . Condyctors (Cm)
~ ¢

Q . ’a)
- 200 <00




1

5 RELATED QUESTIONS AND SUGGESTED ACTIVI"I'IES

1. Summarize your results by giving the relationships between .

! the force between two current-carrying condustors and
S .

' a) the magnitude of current:
The force increases as current in one of the conductors increases. - ©

2

™,

]
b) the distdnce between conductors:
There is an inverse relationship belwe&en the force agd distance between
¥ - - - -
) . conductors that are parallel to each other . ,
c) the length of the parallel portion of conductors: M
7 -

The force increases in direct proportion to the length of the parallel portion of conductors.

»

>

The force between parallel current- 2. The ampere is a unit of current which is now defined in{terms
rying conductors is of the force that it will produce between two parallel, infinitely\long,
Z\K'_Li—"‘» current-carrying conductors. Connect the fixed and movable coils of
d the current balance so.they are in series with the same power supply.
where F s the force (1n N) By definition, the ampere is the current in two paraliel, infinitely long N
lis thecurrent (in A) conductors, -1 meter apart, which produces a force of 2 X 107N for *

L 1s the length of parallel  each meter of conductor length: Set up an experiment to test the
conductors (in mﬁ - accuracy of an amrheter. -
nce between N

d 1s-the distanc
! dista The movable coil, 10 windings of the fixed coil, arﬁr an .ammeter were ’

con%\:}o{rs (inm)! » .
Kis 07 N/A? .
I N connected in series with a variable power supply. Using the 32-cm movable
M Fd L) A
o Thus I/ T coil, this gave an effective length of 320 cm (3.2 mJ of parallel conductors. The
. - 3
Cd

two coils were 1.0 cm apart Wire weights were added to the balance and the

power supply was ad/usle‘d until the balance was restored to equilibrium. Data

4

are given in the margin at the left:

3. All of the ipstructions for this experrment require the movable
loop to be perfectly parallel to the fixed coil at all times. Predict what
~would happen If these two conductors were not paraliel to each other.
The weight of the wire weights was ~ Check your results by éxperimentation with the apparatus. -

calculated by mdiltiplying the number If the movabile coil is pot parallel to the fixed coil, some parts of the conductors

—ofcrrofwire by Fx 16 4N/crrr(see < . . B

p 205) will be closer than others. If the distance is takef at the midpoint of the
Sample data: ! ’ . ' ; ' :
d=10x10%m . ) conductors, thére ig still an error because it 1s only the parallel components of
L=32m . > -
/ the magnetic .forces that nteract. Thus, the restoring force for parallel
cm of calc {I ammeter % ) - ya
://re (1A6} (QAo} ;gozr conductors is greater lhan‘ the force for nonparalle!l corductors that are the / ‘
2 23 25 8% - )
4 3.2 35" g% ° -samelength, are the same average distance apart, and carry the same curyen}
*5 3.6 4.2 14%
. 6 4.0 46 13% 4. Set up an experiment to find the force that the earth's
7 43, 48 10% magnetic field exerts on a current-carrying senductor. Withtqe fixed
' > coil of the apparatus disconnected, adjust the éensitrvity contyol of
. , the.movable loop to maximum sensitivity. Adjust the power supply so
Q "that the current in the movable loop is about 3 A when the power If \ ’

ERIC . . : ~ 210 a(ﬂ L o
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EXPERIMENT 46. FORCES BETWEEN CURREN:I'—CARRYING CONDUCTORS

- 4
NAME . CLASS H
) . Y ) ASS HOUR L,
% _ -
' supply* is turned on. Set the apparatus on a sturdy table so that the
bottom offthe movable loop is aligngd in an east-west-direction. When _
. the current is turned on, find the restoring force that is necessary to ‘ =
compensate for the displacement of the pointer from the zero position ,-
. mark ~Rotate the entire.apparatus in stepgof 5° until the movablé loop ¥
is aligned 1in a north-south direction. At each step, record the -7 !
magnitude of the restoring force when the same current is turned on. ‘ ;
- Restoring f : -
Angle (cm 'g:gw:é;:e Angle Rt(a;t:rg:gw:?;:e s Jms expenment is guaranteéd to
A= F - A= e * “mystify and challenge the better
. ) students in a physics class...es-
0 o O-5 50° o5, " pecially when they do the experiment
: : carefully ang obtain data such as the
5° 0.8 55° 0.8 sample data at the left.
- o . O ) The explanation is simple. One must
10 O 5 60 0-5 know from his knowledge of the-
o ’ e garth that the direction of the earth’s
157 0.§ 65 0.5 . gragnetic field is very close to vertical
- ¥ over most of the United States Only
20° 0.5 70 O-S 20% of this field produces the south-
= e to-north horizontal component which
T operates & magnetic compass ?
25° Q.8 © 78° 0.5 P g p
g - .
¢ , o * , The current balance responds to the
30 0.g 80° o5 comparatively large vertical com-
7 - - ’ ponent of the earth’s magnetic hield
35° . 85° <0 but 1s not sensitive enough to detect
O S - O S _the variations caused by the minor
s o o . - effects of different hgr/zontal orien-
40 O-5 90 o5 ' \lal/ons. ;
. .
45° o) A ,
. What is the largest restoring force required? )
All of the restoring forces appear to be identical.
. ’ .
. -
. | 4 { .
1
4
¢ o
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" EXPERIMENT o

. ' 1
]
ELECTRON BEAM DEFLECTION L .
' D
NAME . CLASS HOUR
LAB PARTNERS' DATE * ’

PURPOSE

+

To deflect an electron beam by magnetic and electrostatic fields and
to predict the direction and magnitude of such deflections.

-

" PROCEDURE

(

] -

=y

Accelerating

power supply |.
250 volts DC [*

Fitament

power supply,
6 3 volts

Focusing
power supply
{0 to 50 volts)

e

magnet

K nurled nut
on centering

Deflection

lates
P Cathode

Graph paper
taped to screen

Pd /

A. Producing ‘an -Electron Be

-

&

1. Heat the filaments of the cathode ray tube (CRT) by applyinga’
voltage of 6.3 volts AC or DC to the filament terminals at therase of

the CRT. A battery supply is preferable to an AC source because *

there is no ripple which tends to vibrate tpe electron beam. When the
power supply is conrtected, the filaments should glow brightly.

2. Apply a DC voltage of 200 to 250 volts between the
accelerafing anode of the CRT and one of the filament terminals by
connecting them to a second power supply. The positive terminal of
the power supply must be connected to the anode. When this has
been done, the electrons which have been boiled off the hot filament
will be accelerated through the tube and strike the screen‘producing
a luminous spot on it. °

3. Connect a third power supply, which can produce a variable
DC voltage (0to 50 voits), to the CRT. Connect the negative terminal
of the power supply to the focusing cyli_ndér and the positive terminal
t&nthe common connection at the CRT filament. Wnen/Yxis power

3 © 203

[l
v

This experiment can be done with
students working in groups of two to
four. The apparatus is comparatively
expensive, and hardly any schools
will have more than one or two sets
of this apparatus with the aeeessory
poweT supplies.

APPARATUS PREPARATION

The sample data was obtained with

the ‘cathode ray oscilloscope sold by
the Klnger Scientific Apparatus
Corp., although any oséllloscope will
work to some extent to show’ the
principles of beam bending. The
Klinger tube uses only 250 volts,
which is relatively safe .for student
use and permits’ very large deflec-

tions with comparatively weak mag-
‘nets. ’ .

The following accessories are called
for in this experiment.
meter stick
1 sheet of metric graph paper
transparent tape :
1 cylindrical magnet
1 electromagnet
a variable 0 fo 250V DC power:
supply
1 voltmeter to cover thissrange

a varnable 0 to 50V DC power

supply

-

atd
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( , SUGGESTIONS AND TECHNIQUES T

. n‘ ' b © 1. Shut off the power supplies whenever the iaquipment is ( -

"« ] not in actual use. This practice will extend the life of the CRT.

LN
) 2. Wheh focusing the electron beam on the screen, de not
» | make the spot too bright, or the screen may be damaged.

3 . 3. To avoid undesired effécts caused by the earth’s mag- > ,
; ' s netic field in the laboratory, align the tube so that its long axis is ’
. - . parallel with the magnetic field in the laboratory. Inthls position, “
oo . any effects tHat are due fo the earth’s magnetlc field will be
negligible. . ; ’

4. if the Iabo:atory can be darkened or if the tube can be
. observed under a blanket which screens out extraneous. light,
. . the actual path of the electron beam inside the tube can be seen.
There is a small amount of neon gas included in the CRT for this .
purpose. ’

5. When measuring the beam deflection caused by a.

) permanent magnet, use a cylindrical aloico magnét which is at
' . ast six inches long. Shorter magnets may also be used but the ~
* observed deflections will be proportionally sr%aller.

. i — 6. To measure the distahce between the cylindrical magnet

and the tube as you move the magnet closer to the tube, slide it
?

o along a meter stick. .
/ ) N K “ b J

supply is turned on and the voltage is increased, the walls of the

. '« -~ focusing cylinder become negative with respect to the filament and

: ( repel any electrons which are streamlng through the center of the

* cylinder. This causes the electrons to canverge and focus into a fine ~

spot on the cathode ray tube screen. Adjust the voltage of this power
supply’ to produce the smallest spot. ) »

. 4. Center the spot on the face of t@ CRT by ad;ustlng the
' ) ..position of the cylindrical magnet which is atfached to the aluminum
/“ - rQd that supports the center of the tube. This magnetmay be ad;usted
by Ioosemng the knurled nut and sliding the collar up and down or by
' tightening the nut and then rotating the magnet on its own axis.
. / 'Thrs,completes the preliminary adjustments. <=«

~/

. B. Bedm Deflection by a Permanent -Magnet

. ' 1. Using some céllulose or masking tape, tasten a large square of
~ graph, paper over the screen of the cathode tube. When the power
supplies are turned on and the preliminary adjustments have been
completed, it should be possuble to see the illuminated spot through '
+ the graph paper. - '
. 2. Hold a cylindrical magnet approximately 20 cm above the neck .
. ‘of the CRT with its north pole facing down. Ir¢ 1-cm steps, lower the -
magnet until it reaghes the neck of the tube. At each step, record the
) deflection of the electrqn beam as seen on thie graph paper.
, . o 3. Repeat the procedure of Step 2, holdlng the magnet so that the
south pole is down. - . .
. 4. Repeat the above procedure/holdrng the permanent magnet

about 20 cm tq the left of the tube with its north pole faemg the tube.
Record the deflection data in data table | as the magnéLapproaches ;

Q > _ - the tube in 1-cm steps. 2, ,4 j. Lo \‘,‘ b /

A

-
-»
.
~
/"‘"
FE
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BXPERIMENT 47. ELECTRON BEAM DEFLECTION o, $-
,“ .;" . r 4 i .
' NAME ° . ‘ I . CLASS HOUR . .

~ N »
.

* . : ’ . )
5, Repeat the above procedure once more, startlng with the
permanent magnet about 20 cm to the nghs of the' tube and the north
pole facing the tube. Again, record the deflection of the luminous spot
. . as the magnet approaches the tube.in 1-cm steps. ) .

6. Using the same axes; prepbre a graph of bgam deflectiortvs. . .
; - magnet distance for each of the four sets of-data#® ' See samp_ligqp.b

', ~ 4 b -

" C. Beam Deflection with a Current-Carrying Coil > C g . )
N 1. V}/uth a piece of graph paper taped over the screen of the CRT
and with the preliminary adjustments completed, clamp a coil of wire

to the m0unt|ng ring above the neck of the CRT. Connect a 6-volt Bo . ’
battgry and a variable resistancé jn series with the coil. Connecta DC )

voltrheter across the terminals of the coil to measure the voltage
across It as the resistance changes. -

2. Rote the position of the tlluminated spot on the graph paper
when no voltage is applied to the coil. Increase the voltage across the

. coil in trefif- volt steps, recordnng the beam deflection on the CRT
screan as the voltage at the coil terminals is increased. "Use data table ‘
. . '

“ 3. Prepare a graph of beam deflection vs. coil voltage. Seg sampl® graph

Y 4

A

- ' D. Beam Deflection by an Ei[ostatic Fleld . o -

- " 1. With the Preliminary adjustment completed, and a piece of \ o -
. . graph paper taped over the screen of the CRT, connect a vaniable bc
power supply having a range from 0 to 50 volts to the two electrostatic
. defiection plates that are imbedded in the neck of the CRT. The
. negative terminal of the power supply should be connected to the
~Jower geflectign plate and “the positive terminal to the upper
deflgction plate. It is important that a separate power supply be used . .
for this purpose. Do not attempt to use the Same power supply thatis
. furAjshing the focusing valitage. :

s AStarting with zero volts across the electrostatic deflection
platgé icrease the voltage in 5-volt steps to 50 volts, recording the .
deflectlon of the spot on the screen at each step. Data table lil.

, 3. Plot a graph of beam deflection vs. voltage across *the ' . See sample graph
- e electrostatic deflection plates.

JRICC 7. ¢ o B
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Ask the'students to note the direction
in which the spot is -deflected, for a
person I00king at the face of the CRT
head-on.

~ Pole - Spot
N. pole down left
S: pole down right
N. pole left down
N. pole right - up

-

DATA

4

. Beam Deflegction by' Permaneﬁt Magnet

Beam Deflection
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EXPERIMENT 47. ELECTRON BEAM DEFLECTION

»

NAME ™ : . . CLASS HOUR

/l. Beam Daﬂection with Current-Carrying Coil
L

Coil Diameter Dia = 3 o
’ N S ent

Coil Length L(c) = ‘
Number of turns of wire N = boo -

~.
£

. 5 '
Distance between &oil and beam X(c) = ‘O e

DC resistance of coil R(c) = >~ 5 Ohms .

‘

o

)

Coil voltage Beam » Coil voltage |© ~Beam
TRIAL (volts) deflection (voits) deflection

o | s %o

2 - . ' b 1.3

3 22 .

4 ‘3 . ) ‘ ! 1 | 1
5

6

. I 2 3 4
4 . : - Coil voltage (V)

S

o
&

ey

Beam deflection (cm)

©
L)

(o]
[+

)Y
I1l. Beam Deflection by an Electrostatic Field

Length of electrostatic deflection platésw.(P) = 20 o k

w
(4,

Distance between plates X(p) = \O Crt -

w
]

Plate voltage| - Beam Plate voitage| . Beam
(volts) deflection (volts) *deflection
v = (cm) s= v = (em) s, =

0 O- 7| &80 07
10 o= e | 70 [ 11
20 03 s | g0 | I8
30 05 10| QO 2.5.
4o |. Ob . n| 100 | 32 >

e ' L L .l ' l
oo 1 ] ] ]
12 e 50 100

Electrostatic plate
RELATED QUESTIONS AND SUGGESTED ACTIVITIES . voltage )
1. Examine your graphs and tell how the electron beam is

affected by each of the foilowing. If you can see any simpie
relationships among the data, state what they are.

e
0

n
[>]

)

O,

»

®

Beam deflection (cm)
&

O
"

a) An appfoaching north poie of a permanent magnet.
As the north pole gets closer, the beam is deflected at an increasing rate.
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EXPERIMENTe  BHOTOELECTRIC EFFECT

>

-

CLASS HOUR
LAB PAF;TNEl.’lﬁ DATE
’ PURPOSE .

In this experiment you shall see how the amount of current-and the
* energy of emitted electrons depend ‘on the nature of jhe light that -
_shines on the surface ot a metal .

N PROCEDURE

+ 5

15 ) )
S Light  — +
. Cathode T varisble |
ﬂ _—> + voitage \\/l
\ Anod . ‘SOUfEe A .
-\ noge . 0106 Vdc

¢

Photocell i — . .
, 4| Sensitive —
. . ammeter
- A —1 *0w01g° (/
v < \ ampere .
. Dwection of electron range)
- flow of photocurrent D FEE

[ we

A'photocell, a vartable voltage .source, and a sensitive ammeter are
connected in a circuit as shown in the dlagram When light is directed
at the photocell, electrons flow in the direction indicated anad form a
current that 1s read on the ammeter."With the variabie voltage. source .
set to zero, you tan find out how much current is produced by light of
differing intensity and color. Next by applying avoltad‘e that opposes
the direction of the photocurrent you can calculate the energy that is
needed to stop the electrons which are ejected from the photoceli by
light of dnffering intensity and color.

A. AMOUNT OF CURRENT-PRODUCED BY LIGHT * s
' OF DIFFERING INTENSITY AND COLOR )

1. Remove the variable voltage source from the circuit and
substitute.awire to complete ¢he circuit.

2. er the photocell SO that itis in complete darkness and set
~  the ammeter to xero.

3. Shine light on the prlotocell and record the current that is
~  produced as the light is made brighter or dimmer. Data chart 1. Thes

intensity of the light can be controlled by varying the yoltage applied *

to an electric lamp, by changing the distance between the lamp and
- the photocell,or by partially covering and exposing the lamp.

4, Shine light of ditferent colors on the photocell and record the
current that is produced by each in-data chart Il Different colors can
be obtalned by using lamps of different colors by using white light
and covering it with colored filters, or by passing white light through a
triangular prism or through a diffraction grating. .

o, 219 208

This experiment should be done by
students working in pairs. )

APPARATUS PRﬁPARATION
photocell .
variable volitage source, 0 to 6V dc

" ammeter, range 0 to 109 A, or
high- /mpedance vo/tmeter wire .

4

. Apparatus for the photoelectric ef-

5

fect experiment-is comparatively ¢ ex-\

pensive and difficult to operate if
precise, accurate results* ar3’ re-
quired. However the general ‘prin-
tiples of photoemission and a calcu-
lation of Planck’s constant with the
correct order of magnitude and an
error of about 40% is fairly easy to
obtain in the student lab, as shown
by the sample data given here.

AS manufacturers cut their costs by
using inexpensive but precise and
reliable transistors and integrated
circuits, 1t will not be long before
inexpensive apparatus is available.

Meanwhile, try using the jow-voltage
scale of a vacuum-tube or solid-state
voltmeter The voltage indications
are proportional to the photocurrent

. when the‘probes are connected di-

rectly to the terminals of a photocell.

Almost any type of photocell will
work. If none is available, you might

try borrowing a photocell from the -

school's sound movie projector.

.




[ = - " . SUGGESTIONS AND TECHNIQUES w

1. An ordinary laboratory ammeter is not sensitive enough
to detect the'weak currents prodiced by the photocell. Be sure
to use an electrometer, or amplifier-ammeter combination, that
is specially manufactured for this purpose. '

2. A reliable variable voltage can be made by connecting
two flashlight cells across the ends of a rheostat. The output
voltage-is then obtained by connecting a wire to one oftheends
of the rheostat and another Wwire to its center tap.

3. If the variable voltage source does not already contain a
voltmeter, connect one across. the output terminals of the
source. Almost any dc veltmeter will work if its full scale range is
anywhere from 3 to 10 volts ’

4. Be sure that the phototube is completely screerted so that
no daylight or any other unwanted light can strike the cathode.

5. /-'ghhough the, intensity of a lamp may be increased by
applying more voltage, many incandescént lamps will also
change color when they become brighter. To avoid this, it is
usually better to use screening or.vary the lamp distance to
adjust the intensity.

6. A mercury lamp is an excellent source of Inghi for this
expenment it produces four colors in the visible range with
known frequencies. Individual colors may be selected easily
with filters. The colors and their frequencies are

PP

Color Frequency (jn Hz)

KN

yellow ' ) 6.19 X 10™
green 5.50 X 10"
blue 6.88 X 10™

‘ ~ violet 7.41 X 10

. Y

7. To make a very rough measurement of the stopping
voltage, increase the voltage until the ammeter, reads zero.
Retord-the Yoltmeter readnng at this time For more accurate
measurements, however, it is necessary to continue applying
revarse voltage until the ammeter reading has fallen a fraction of
a volt below zero. As the voltage 1s varied in this region a point
will Be reached when the increase in voltage has little, if any
effect on the ammeter reading. When this condition has jusg
been reached, read the voltmeter for the actual stopping voltage.
The reason that this procedure is.necessary for accurate
determinations of tHe stopping voltage is that the photocelis are
not 'perfect and.they all have a certain amount of “dark current”
which flows in the wrong direction through the tube

|

_J

)




EXPERIMENT 48. PHOTOELECTRIC EFFECT

NAME

CLASS HOURB -

>

B. ENERGY OF ELECTRONS PRODUCED BY LIGHT
T OF DIFFERING INTENSITY AND COLOR

1. Connect the variable volta”gé"source in the circuit as shown in
the diagram with the negative side of the source facing the anode of
the photocell. If you are not sure which terminal is the anode, connect
the source either wa§ in the circuit and perform the test in the next
step to fing out if you were lucky and connected 1t correctly.

2. With the variable voltage set to zerd, shine hght on the
photocell. Adjust the light intensity until the ammeter reads about
midscale. Watch the ammeter as you slowly increase the voltage of

the varjable source. If the source sis connected correctly, it gpposes
the photocurrent, and the reading of the ammeter decreases as the

voltage 1s turned,up.

3. Record the vditage
photocurrent. Data chart |lI\Mincrease or decrease the light intensity
and record the stopping voltage that must(be applied to stop the
electrons in each case. ) .

4 Shine light of different célors on the photdcell and record the
stopping voltage that is associated with each color Data chart v

. -

DAYA

[

I. Variation of Current with Intensity

o s

Ammeter reading
(Amperes) | =

22%x10"8
U x 107
7% x107%

Intensﬁy of the light

»

I}

Dim

Normale

Bright

-
1l. Variation of Current with Color

1

Ammeter reading
(Amperes) | =

43 xj0" ¢
b2x10-%

58x10°¢%
. boaio™®

210

Color of the light
Fd

Green

Yellow

Biue

Red

hich is needed to completely stop the °

o

i

4

-

The fact that the photocurrent. 1s
directly proportional to the intensity.
of the hight cqn ‘be observed with the
ard of any type of photometer, even

those which are used for photogra-
phy. '

-
-

)

Pl

" The absorption of incident light by

the filter will cause dark filters to
absorb more hight than highter filters.
Unless the students are sure that the
light transmitted by each filter has

" the same intensity, they will be likely

to obtain ‘data such as that-shown
hers.




[Il. Variation of Stopping Voltage with [ntensity

Intensity .of the light Stopping voltage
(Describe) (Volts)
Green light was used. :
' : A ’ Bright O“" 5 7
B Norrhal 0.4 5
c Dim 0 4§ C
lop IV. Variation of Stopping Voltage with Color
T
> o . Stopping voltage
\9; 08 I Color of the hight Frequency pp(vglts) 9 i
3 06} .
= A Violet 741 X 10" Hz .
S | / 4 | 0-95
o4t B Blue 6.88 X 10" Hz 0-70
o
goz - Cc Green 550 X 10" Hz O- q 5
e h e n Yellow 5.19 X 10" Hz N
%9, 2 4 Iy [ O ‘-{D
; FPeguency (x10'* Kz) el . 3

rd

‘ IE!EL:ATED QUESTIONS AND SUGGESTED ACTIVITIES .

. L + How is the amount of current retated to the intensity of the
, light falling on the photocell?

The amount of photocurrent increases as the intensity of the light increases.

-

¢ ’

A .

&

.

. 2. How does the amount of current vagy with the frequency of the
light? (Red has a low frequency, followed by yellow, green, blue, and
violet in order of increasing frequency.) :

. * . Using filters, there 1s no definite relationship between color (frequency) and
- the amount of photocurrent. When each frequency has the same intensity,

there 1s no difference in photocurrents that are produced by different frequencies.

’

3. The stopping voltage is directly proportional to the energy of
the electrons emitted at the cathode. How does the energy of the
electrons vary with the brightness of the light?

Using light of.the samg frequency (green), it was found that the original

% & 23 - .

~ brightness of the light had no effect on the stopping potential.

4, HOV\dQFJ the energy of the electrons emitted at the cathode ,
vary with the frequency of the light?

As the frequency is increased, the energy of the photoelectrons also

~ R .
/ increases. Theoretically the energy increases in dire&t prof;ortion to the frequency,

but this eould not be confirmeq with the apparatus we used.

& ' oy R11




EXPERIMENT 48. PHOTO ELECTRIC éFFECT
'

NAME P , e CLASS HOUR
1

© o

. ('

" 5. Analyze your data and calculate Planck’s constant, which
relates the energy of light and its frequency. To do this, make a graph
of stoppmg voltage vs. frequency of light. Draw the best straight line
conneCtmg your points. Planck’s constant his found by selecting any

See sa;nple graph. The following
two points on the hine and using the relationship value ore used in .calculating
, N Piangk’s constant:
h = e== ~
Af , e=16x10"C
- AV =10V
Af =40 x 10" Hz
where e 1Is the charge on an electron t
(1.6 X 10°'°C) . . 41x 10 38%
D
AV is the voltage difference between the - ' 4
& two points on the graph ¢
: ‘
A f is the frequency difference between
the points . r
-34 - .. . '
Calculated value of Planck’s constant is h =HIX—IO_ J-sec. ’ -
. o .
. ' '34 * ’
Using the accepted value of 6.6 X 10 J-sec for Planck’s constant,
calculate your percentage error. I
c - 38 % ,
- x b '
i
‘%

212
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'EXPERIMENT e  HALF-LIFE :
NAME . % CLASS HO
LAB PARTNERS \ ‘ “,_ . DATg
! /
: - PURPOSE R -

The time that is required for half the nuclei in any size sample of a
radioactive element to decay is called its half-life. In this experiment
you shall measure the half-life of the radioisotope barium-137".

<

- PROCEDURE

Nuclear

| scaler SN
i D
: Radjoisotope
i genefator —_ G . Q
ey
, Biotting - /
| paper X
AN
/ —

To measure the half-life during the relatively short time that is
available during a laboratory period, a radioactive element with a
relatjvely short haif-iife is freshly prepared and then tested for
radioactivity with a nuclear scaler.

1. Turn oh the nuclear scaler and allow it to warm up for five
minutes.

2. With all radioactive matenals remuved from the vicinity of the
nuclear scaler, measure the background radioactivity in the labora-
tory To do this, find the total number of counts that are indicated for
three 1-minute intervals and record the activity in counts per minute
in each case. If the values differ by more than three or four counts per
minute, 1t i a good idea to measure the background activity several
additional times: Record in data chart |. "

3. Bring the radioisotope generator close to the Geiger tube
of the scaler to be sure that the generator is radioactive. The count
rate should increase sharply.

4. Remove the rubber caps from the top and bottom of the

225

213

This expenmeﬁt should be done by
students. working in pairs

APPARATUS PREPARATION

"—radioisotope generator set for bar-

wum-1377
_ nuclear dcaler with Geiger tube
protective goggles and gloves

The radioisotope generator set'costs
about $50 and should last for many
yearsS. Itis available from many of the
major scientific supply companies.
‘ =
Good data is obtained 'with almost
any nuclear scaler and a side-win-
dow or end-window Geiger tube. A
scaler keeps an ,actual record of
detected nuclear events, or counts
The ordinary Geiger counter, or rate-
meter, also detects nucClear events
but instead of giving a cumulative
record of counts, it ha§ a meter
which indicates the average number

- of counts per minute at any given

instant Because nuclear decay oc-
curs In a random fashion, a scaler is
preferable to a ratemeter for this
experiment The ratemeter will work
but the needlg bounces around a
great deal, ﬁklng it ditticult for
students to ‘record readings. If a
ratemeter is used, however, tolerable
results can be obtained by having
students record the reading every ten
seconds for tean minutes. A half-life
curve may then be plotted on graph
paper with a smooth curve drawn
between points Using this tech-

>

nique, a 20% error in results can be-

expected, compared with the 5%
error obtained with a scaler

“




S 4 SUGGESTIONS AND TECHNIQUES x

1. Be sure to replace the protective rubber covers on the
. radioisotope generator whepever it is not in actual use. Any dust
or dirt entering the generator will clog the filters and greatly
shorten its life. ‘

. There are many different models of nuclear scalers in
use. To make sure that you know how to operate t'he controls
and read the indicators of the scaler, consultthe manufacturer's
instructions~or ask your instructor.

.o 3. Because the half-life of the radioisotope barium-137 mis
The newer models of the radio- so short, be sure to obtdin a fresh sample from the generator and
i1sotope generators are packaged start counting with your scaler with as little delay as possible

with chemical concentrales that can 4. If the solution in the.plastic bottle should all be used up, a
be mixed with water in specified fresh soluti b de by diluting 3.3 mi or 12 molar HCl in
‘amounts to make fresh solutions resh solution can be made Dy diiuting 5. '

. + | 1,000 ml of distilled water. Then dissolve 8 g of reagent quality

NaCl in this solution

5. For safety,'d‘o not eat, drink, or apply cosmetics in the
laboratory during this experiment.

. 6. Itisimportant to make several determmatlons of the half-
i life and average them for thg, most accurate results.

] 7. If the laboratory period is long, it is a good idea to
regheck the background activity in the lab at‘the end of the
experiment to be sure that it has not changed while you were
working.

8. When plotting the data on a graph, place each point at
center of the time interval during which the data was obtained.
Q\us. the first point wayld be placed at the time 0.5 min. /

/

-

b

LN
. generator and also remove the prqQtective cap from the top of the
. . plastic squeeze bottle. 4

5. Press the spout of the squeeze bottle into the |érge opening of
the gggerator. Gently squeeze the bottle to force some of the acid.
solutf®n into the generator. Discard the first few drops that come out

. ‘ of the bottom of the generator. Usually these will not contain much
radioactive material. Allow the next few drops to soak into & piece of
. - blotting paper for analysis. _ -
4 s
Caution.! The solutuon that is fed into the gener\atorfcontams
hydrochloric acid and, must be handled with care. Wear
protective goggles and gloves when handling this material and
be sure to wipe up any liquid that spills. .

- 6. Place the Geiger tube of the scaler as close to the blotting
. paper as possible, but be careful that the liquid does not touch the
metal of the probe.
7. Set the scaler to zero and let the scaler count the radiations for
b a total of 10 minutes. Record the scaler reading precisely at the end
of each minute. )
8. Calculate the averaga.activity in couhts per minute for each of
the intervals. Gorrect each of these by subtracting the background
activity and record these in data chart II.

26°"Cld }
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EXPERIMENT 49. HALF-LIFE ~

NAME

CLASS HOUR

[N

9. Plot the data on a sheet-of graph paper with the time n
minutes on the horizontal axis and the corrected activity in counts per
minute on the vertical axis. Connect the data points with a curve that
is drawn as smoothly as possible between the poings.

,10. The activity of "a sample of a radioaltive element is
proportional to the number of radioactive nuclei’in the sample. Select
a point on the graph wheére the activity is relatively high. Find another
point on the graph which corresponds to an activity that 1s exactly
half as great as the first. Since the number of nuclei is reduced by half
when the activity is reduced by half, the time interval between these
two points (read from the horizontal axis) is the half- Zlife of the
element Record the half-life in data chart lll.

11. The radioactive generator contains cesium-137, which de-
cays to barium-137™inside the generator. The barium is washed out
by the solution and then decays into nonradnoactuve barium-137 by
gamma emission with a half-life of 2.6 minutes Compare the half-life
of your sample with that of the standard and compute the percentage

!

Ses sample graph below. The time
values plotted were those in mid-
interval, since the activity values are
the ayerage for the time interval.

error. - « -
. DATA
I. Background Activity = N
Background activity ~ ’
TRIAL oo Time of day ‘
CPM = J200 -
1 2.5 . 2.10PM
2 . 25 ‘ 213VM - | *
3 yA" - 2.18PM 1800
[ Avg ‘ 2.5 . o
. . 1600
/1. Radioactive Decay - . ~
A B c D £ 1400
Time | Total count at Avg. activity In Avg activity less |
Interval | and of interval interval background ¥
{min) +  (counts/min) (counts/min) 3 1200 -
o1 | 20068 2008 2043 %wc
12 3bbS » 1597 1572 3
23 | 4849 gy 1159 & a0
74 | 579 a4y azz_ | %
45 bs42 Tl 721 3 |
5-6 7054 Si2 487 & o0
6-7 7514 o0 | 435 3{% o0
- 7-8 1877 363 ) 33¢% 1
8-9 2128 L2681 - 220 04—} e
8-10 : i . Time (min)
210 )
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Activity (Counts/min)

8 888

1

a |

2

[y
Time (min)

/1. Detetmination.of Half-Life ~

/ B

A B C D E F
Activity at | Time at| Activity at | Time at |Half- 9
TRIAL | 1st point |1st point] 2nd point |2nd point| life o
(counts/min)| <(min) |(Counts/mjn)| (min) |(min) error

1 | zooo | 0 | 1000 | 22 20| O1
1060 | §.5 200 4.0 .| 2.5| 44
@3 oo | 2.0 | 700 4.5 | 2.5 4z
(200 2-5 | oo §0 |28 4«

¢ N

RELATED QUESTIONS'AND SUGGESTED ACTIVITiES

1. Plot the data of corrected actnvuty in counts per mmute vs. time
on a sheet of semi-log paper, using the logarithmic scale for the
activity. Draw the best straight line through your data points.
Determine the half-life of barium-137" from this graph and compare
to the value you obtained from the graph you plotted on regular.graph

‘paper.

When activity 1s 2000 ceunls/m/n, time 1s 0.6 min; when activity 1s 1000

counts/min, time is 3.2 min, when activity is 500 counts/min, time is 5.8 min.

Therefore half-life 1s 26 min. - X

2. If the sample that yod obtained had an initial activity that was
much greater than the samples given to others in the class, how
vguld gour half-life results compare witih theirs?

‘It would have béen the same.

\Chemical reactions usually occur much faster whert the
temperature of the reagents I1s increased. What happens to the half-
life of barium-137 " when the temperature of thé sample is raised? Set
up a controlled eq\unpment and report your results. ’

No change in radioactive decay 1S observed as the temperature is raised.

! ~

24, Using the samf technique, find the half-life of another
radioactive element with a short half-life, such as indium-113".

The hali-life’ of indium-113m is 100 minutes. .

_ designations of the .samples barium-137™ and indiymt-11

-8 ' / ’
5. Go to the library and find the significance of the letter min the

. The lsetter m stands for metastable. It denotes an excited state of ar;é atom

which persists for a relatively long time before decay.

, 208 6
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APPENDIX . LABORATORY SAFETY PROCEDURES \

&

.
Rty

. Faollow these directions. They are meant for your safety.
. . . ~ M ¢ )
. « Treat the apparatus with care. Accidents are likely to happen when.
there is fooling around ‘or horseplay.
> e Listen carefully to the teacher’s directions betfore starting an
experiment and stop work immediately upon the command of the
teacper. Prompt compliance in this manner can save you from

harm. . - .
o Keep clothing and books in the places provided. If left on the lab
* tables they can be damaged and can also contribute to accidents

by detting in the way. .

e Never reach your hand over a Bunsen burner that is lit. Also, tie
back any loose hairwhenever a Bunsen burner is being used for
.one of your experiments or for experiments by a neighboring
group. Caution your.labfr;étory partners if they are careless nearan
open Bunsen burner. .

e Anticipate the steam that will form whenever water boils, and
provide a container to hold the hot water when the steam .
condenses. Also be careful not to tough containers; ringstands, or . -

“ tripads immediately after heating. Tripod supports are especially
-dangerous in this respect because they rarely look hot.
 Keep hot materid#s and heavy objects away from the edge of the
' table. If apparatus must be placed rfear the edge of the table, be
sure that it is clamped securely. . .

e If there are gas jets on your table, be sure’ that they are turned off
when they are not being used. If there are any gas leaks, repor this
to your teacher immediately. _ :

o |f your table tras electric outlets, refrain from probing them with

> metallic objects or even wet non-conductors. You can never tell

- When the outlets.are on. - R
e Be sure that a teacher is present before you sta? work.
. e Never carry laboratory equipment or apparatus through the halts

during intervals when classes are passing.
e Familiarize yourself with the locations of the fire extinguishers,
safety blankets, and master shut-off switches in the laboratory.

. ® Report at once to the teacher in charge if anythind seems to be
unusual or improper, such as broken, cracked, orjagged apparatus
or faulty electric wiring.

o Whenever handling hot liquids, always wear safety glasses or a face
. shield. s (
e Never force glass tubing or a thermometer into a dry rubber
stopper. Wet it with soapy water or glycerine and then push it in
: gently witha twisting motion. Always hold the glass tubing near the
placg where itenters the stopper. Wrapping the hand or tubing_with .
¢loth is a further safety precaution to avoid cuts if the glass should

ERIC break.
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e When handling Dry Ice or liquid air observe the same precautlons
as for hot liquids. Freezing can be as dangerous as burning.

e Glass wool or steel wool should’ ge wrapped in cloth or your hands
should be protected by gloves to avoid gettifg splifiters in the skin.
Wait a while after grasping an electrical device that has just been .
turned off. Many electrical devices become hot with use, and
serious burns may result if they are grabbed too quickly..

Never short-circuit storage batteries or dry cells. Wires become red
hot in a very shorftime and can cause serious burns.
Report any sharp edges on mirrors, prisms, or glass pIat‘es so your
teacher can have them covered with tape or melted paraffin.
When removing an electnc plug.from its socket, grasp the plug, not
the wire. B
When inserting an electric plug in an outlet, hold the plug so that
any flashback due to a short circuit in the apparatus will not burn
the palm of your hand.
When wiring an electric circuit, make the “I«ve("connectlon the last
act in assembling and the first act in disassembling.
Avoid bringing both hands in contact wuth live sections of an
electric cirguit. Follow the practice of professaonal electricianswho
keep one harid in their pocket whenever manipulating circuits.
¢ When using electric circuits, cover any grounded appliances, gas
jets, or plumbing on the laboratory. table to avoid accidental
grounds.
During the charging of storage batteries, keep away from thé fine
spray which sometimes develops. It 1s harmful if inhaled or allowed
to get on the skin.
When opérating devices WhICh emit ultraviolet Inght protect your
eyes by.wearing ordinary eyeglasses. Glass is opaque to these
harmful radiations.
Never experiment with x-ray tubes or machines in the physucs
laboratory or use them for home experimentation unless an
experienced x-ray technician is available and the proper shielding*
-devices are used.
Remove thermometers and glass tublng from rubber stoppers
|mmed|ately after use to -prevent them from “freezing” to the ~
stopper. Towsemdve frozen glassware from stoppers, use a wet cork
borer, just large enough to slip over the end of tife tube. Slowly
work-the borer thyough the stopper until the frozen glass can be
pulléd out easily. Another technique is to slit the stopper with a
single-edge razor, remove the glassware and then repair the
stopper with rubber cement.
Do not attempt to try electron beam bending experiments with old
fas joned Crookes or cathode discharge tubes that require high
ages for operatlon. Dangerous x, rays-are produced that are
hérmful within several feet of the apparatus.
:"Never Iqok directly into a-laser or allow the beam to enter the eyes
~ of others in the laboratory. Also be careful of accidental reflections
of the laser beam by mirrors in the laboratory. © ,
® Do not attempt to build a laser at home or in the laboratory unless
" an experienced and qualified laser expert js providing direct ...
supervision. Carbon dioxide and Q-switched ryby lasers are
especially dangerous In this respect.

* ‘Do not experiment with rocket fuels for physics experiments.
Never take a picture tube out of a television set for experimentation.

, The tube has been evacuated and a scratch or sharp rap can cause
the tube tq implode and shatter. (

.
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APPENDI" e GOOD GRAPHING TECHNIQUES

. N
A graph shows the relationship between two quantities. Usually, one
of the two is thought of as independent and the other is thought of as

dependent on the first. For example, suppose one quantity is the °
.changing speed of an object and the other quantity-is time. We would

consider the speed dependent on time—the speed has different
values at different times—and we would consider time independent.
Of course, sometimes it is not so clear which quantity is the
independent one, and you are free to choose as you start your graph.

Thé independent quantity is represented by a horizontal axis £a
straight line with values marked on it—at the bottom of the graph. The

. dependent quantity is represented by a vertical axis at the left of the
"graph. When you are asked to make a graph’of something vs.

something, the quantity stated first is the dependent quantity and
goes on the vertical axis; the quantity following "vs.” is the
independent qugatity and goes on the horizontal axis. For example,
on a graph of speea vs. time. speed is on the vertical axis and time is
onfthe horizontal axis.

’

— .
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30

Speed {m/sec)

20

. Time (sec) :

i

"The following suggestions will make your graphs easier to
construbt and to read. ’

1: When marking a scale along the dxis of a graph, make short
lines perpendicular to the axis and labelled with numbets at
appropriate points. You do not need to put numerical valite beside
or under each mark if it will make the scalé\t\’oo crowded. You may
choose to label only every other, or every five, qrévsn every ten.

" 213
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~ 2. To make it easy to find p%tions along an axis scale between
the marked positions, take advantage of the decimal system. Since
. the grid lines bn the graph paper supplied with this manual are close
' " together (five lines to a centimetgr), put your markmgs every five or
ten lines apart

b _ 3. When trylng to fmd a value between marked values, keep in -
mind hqw much each _space stands for. For example, if there are
arks f ;:yoeﬁrams and the marks are 5 grid lines apart, each
space stands for 20 grams. The position corresponding to 160 g
would be on the thirgygrid line-after the 100-g mark.

/< ‘ . 11T g . .
! . ) “ 160g 2

t
0 100 200 300 400 500 600 700
L ' . Mass (grams)

¢ » : > i
. . 4. When pIoMng points on_a graph, make dots that are big
enough and dark enough to,be seen clearly but small enough to mark -
d a specific position on the graph. Often it helps to put a circle around
the dot to make it stand out.

5. When graphing data points that appear to lie on a straight line,
_more or less, draw a single straight line that goes through as many

- - pomfs as’possnble Unless there is sdme reason to question some of
' . the data, there should be equal numbers of points slightly above the )
. line and slughtly below it. Never “connect the dots” unless specifically
—_ irfstructed to. : )
¥ ’ .
. 5
. 2
_t %
<
2 N .
~ 1 —
‘ o
. 0
‘ . 00 05 10 15 20 25 30 ’
< . . 5 Voltage (V)
N L~ ]
’ 6. When graphing points that do not appear to lie on a straight
line, draw a.'smooth curve that goes through as many points as ¥
*‘ possible. There should be equal numbers of points on sither side of
the curve. -

7. Not all graph Imes go through the (0,0) point (the ongln) Ask
yourself, whether the dependent quantity really is zero when the
:ﬁ independent quantity is zerg, If you let go of a Ball just as you start to

v ' . . clock it, the speed is zero at time zero. Qn the other hand, if the ball is
' already noving when you ‘start to clock it, the speed on your graph
o . ' . should not be zero at time zero. 2 .
ERIC SN - O
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APPENDIX e MEASUREMENTS AND SIGNIFICANT FIGURES

EXPRESSING MEASUREMENTS
v
If you are counting the number of magnets |n a box you will aﬁi\/e at

an exact answer—the same answer that anyone else would get unless
one of you had made a istake in counting. On the other hand, if you

are measuring the volume of the box, you can only approximate the

true volume. You might measure the sides and calculate the volume
frorn the measurements. Or you might fill the box with sand and then
measure the volume of the sand with a graduated cylinder. No matter
what method you use, your measuring tools and techniques will limit
your answer_to an approximation.

It is very likely that several independent measurements of the
volume of the box will give slightly differing results. There are several
reasons: the sand may not be perfectly level in the graduated cylinder
each time; some sand grains may remain inside the container when it
is emptied; the sand may pack down or spread out as it is handled, so
its volume may change. No matter how carefully you work, you are

not likely to determine the volume exactly. In fact, even if you had *

obtained the result 461.7 ml on each of three trials, you would still
know the volume to only a tenth ofea milliliter—with the same
graduated cytinder there would be no way you could tell hehthe
volume was exactly 461.700000 ... ml or whether it was 461.6821..
or just what it was.

Scientific measurements should be written down in a way’that
makés clear the amount of certalnty in the measurement. Suppose
thatthe results of three trials of- measuring the volume of the box gave
_461.7 ml, 461.9 ml, and 461.8 ml. The best value for the volume would

/'/ be the average of three, or 461.8 ml. Note that this value has three

reasonably certain digits—4, 6, and 1—and one rather uncgrtain
digit—8. Someone reading your value would know that, as far‘éyou
could tell, the volume was close to 461.8—it could well be a few tenths

* of a milliliter higher or lower. Iff general, the results of a measurement

should be written with ds many digits as are certain, ptus one more
that isSuncertain. When a measurement is written according to this
convention, all the certain digits plus the one uncertain digit are
called significant figures. It may be necessary to add addifional
zeyoes to put the decimal point in the right position, but this does not
a’ér the number‘of significant figures (see Counting Significant
. Figures in following discussion).

If you needed to measure the volume more precasely—that is, to
more decimal places—you would need different measuring tools or
perhaps even a different technique=A value for the volume would be

233 221 .
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truly -more precise dnly if it had just one " uncertain j‘@t in it. For
“example; suppose three.measuring trials gave result f 461.82 ml,
,,461.84 ml, and 461.80 ml. Then you would be justified in giving the

" -value 461.82 ml as the volume to two decimal places But if the three
(nals gave 461.82 ml, 461.95 ml, and 461 69 ml, there would be
uncertainty in both digits to the right of the decimal point. Even
though the average of these three values is 461.82 ml, your data do

v ot justlfy five significant figures; you would have to give the value as
| 461.8 ml, which is no more precise than the prevnous value.

v ~

.+ - COUNTING SIGNIFICANT FIGURES ‘ -

-

Thre rules for counting significant figures are straightforward.
. . 1. All non-zero digits are significant regardless of the position of
* \) ; the decimal point.- Each of the followmg measurements _has five
sngmfncant figures. - i

. ' N : )
- ‘ . 564.32 grams 87.593 meters 4531.6 cubic centimeters

-

o ) s 2.' All zeroes between two significant figures'are slg&l{ﬂca"nt. Each
: of the, following measurements has four wignificant figyres.
. . . Lol —.
7.051 meters . 80.05 grams 100.6 miles
- * » - ) ‘?
- ‘3. When there is no decimal point, zeroes at the end of a number

are not significant figures. The measurement 42,600 meters has three
sngmfncant figures (the-4, 2, and 6).

=" .4, If the zero at the end of a number with no decimal point is
~ . ‘really the result of a measurement and is meant to be a slgnmcant
figure, it is offen written with a dash above Iit.

N « . Measurement " Number of significant figures

L4

. 60,000 g?ams

v c 60,000 grams
) oo 60,000 grams

' ) 60,000°grams
K 60,000 grams

G WA -

’ ' 5. When there is a decimal point, zeroes at the end of a number,
to the right of the decimal point, are slgnlﬂcant ﬂgures The
measurement 42.60Q meters has five significant figures.

° 6. 2oroes at the beginning of a number are never signlficant
Jfigures. The following measurements all have three significant
figures.

) 0.318 centimeter 0.0000318 meter *0.0300 meter

- N [

-~ WORKING WITH JIGNIFICANT FIGURES

"When you add, subtract, multiply, or divide with significant figures
you-must take care that your resuit does not have more than one
upcertain digit. In multiplication and division, the result can have no
\)4 . . :,,‘ ‘ : ]
- , © o R22 - )
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APPENDIX 3. MEI(SUREMENTS AND SIGNIFICANT FIGURES
o .

<

more significant figures than the measurement with the fewest
significant figures in the original data. For example, when 3.112m is
multiplied by 2.2 m, the product 6.8464 m? should be rounded off to
6.8 m? to avoid more than one uncertain digit. In addition and
subtraction, the result can have no more decimal places than the
measuremient with the fewest decimal places in the original data. For
example, when 96.3 g is added to 8.149 g, the resuit 104.449 g should
be rounded off to 104.4 g.

Mosts scientific hand calculators are capable of computing to
eight or more significant digits. However, it is incorrect to express the
results of any experiment to eight significant figures when most of our
. . measurements have "ﬂlr/ee or less. Giving resul{s with too many

. significant figures falsely implies that the experiment was carried out
with a much greater precision than the procedures and data can
provide. In general, the final results of any experiment should never
have more significant figures than the worst of the data that was
recorded. ’ . ’

B

.
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