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’ PREFACE

o
IS

PHYSICS DEMONSTRATION EXPERIMENTS at William Jewell College is an -

attempt to bring together in one volume a brief description, with pho-
tograﬁhs, of demonstration equipment that has been purchased, assen-
bled, developed and used at wllliam‘Jewell College during the past
twenty-five years.

The arrangement of the materials follows closely the freshman-le-
vel text by Harvey E. White, MODERN COLLEGE PHYSICS; 5th Edition,
1966, Van Nostrand, and is related to the sophomore-level text by F.
M. Sears and M. W. Zemansky, UNIVERSITY PHYSICS, 4th Edition, 1970,

' Addison-Wesley. However, many. of the demonstrations presented may be

used with any one of the good freshman-sophomore—level college phys1cs
texts available in this country. o

Appreciation is expressed to the Administration and Trustees of

William Jewell College, who through the years *have provided agh ade-'

quate yearly budget which has made available a continuing supply of
physics demonstration equipment. The generous gifts from-the E. S.
Pillsbury family are acknowledged and appre01ated.

Appreciation is also expressed to Professors Glen T. Clayton and
Roger C. Crawford, who have served as co-wérkers in the” department of
physics; and to Professors John L. Philpot and Charles Don Geilker,
who have served as associates in the teaching of physics to studeqts
at William Jewell College. ’

. To the editors of the AMERICAN JOURNAL OF PHYSICS, THE PHYSICS
TEACHER, and SCHOOL SCIENCE AND MATHEMATICS, appreciation is expressed
for their permission to reprint selected papers from their jod?nals.

Clayton, Roger C. Crawford, Janet M. Whan, John W. Hilton,-=Robert

- Sandquist, Joseph W. Chasteen, and Wesley E. Mooref(deep appre01at16n

is expressed.

: Deepes} appreciation.is expressed to John and Robert, who through
the years w1th great enthusiasm for physics demonstrations, have in-
spired and helped in developing and presenting physics demonstration

- experiments to interested individuals and groups in the midwest. My

deepest appreciation goes to Ruth, who for thirty years has &hared in

-

.To the author and co-authors of these papers: L. B. Ham, Glen T.

this work with her time, patience, encouragement, interest, and deep

concern.
v ’ Wallace A. Hilton
- , August 25, 1970
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ported by a grant from the U.S. Office of Education, Department of
Health, Education and -Welfare, through a faculty development" grant
from the Kansas City Regional Council on Higher Educatlon (KCRCHE) and

William Jewell College. S - >
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FUNDAMENTAL UNIT§ LENGTH, MASS,
TIME .

L ) ‘%{"
Length, Mass, Time -

Fig M-la shows models of these
three fundamental unjts: Lengths

one-foot 1length. Masses shown
are a slug, a Kilogram, -and a
3-gram piece. The lecture room
clock reads to 1/100 second.

Micrometer and Vernier Calipers l“

Demonstration micrometer cali- [E¥¥s
R} - Y .

per and a verfiier caliper are;

shown in Fig M-1b.

9

Slide Rule and a Vernier Scale

These two demonstration 'pieces

projectors This makes it poss=’
ible for the entire class to see |
the jnstructor operate the slide
rule. The apparatus for teachlng.
the corregt ?ééﬁiﬁg of a vernier
scale is also Fhown in Fig M-1lc.

Tlme Slgna s

Time s1gna s from the National
Bureau of Standards Radio Sta--
tion, WWV, Fort Collins,. Colo--

on the Phys-
ics Departme t'sléémateur radio
receiver (Fig M-1d) and then
aker \in the lec-

Fig M-lc Slide Rule §
\ Vernler Scale
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M-le Greenwigh and Sidereal Tim&s
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.

Professor C. D. Geilker has (
placed two clocks at the front st
of the lecturg room, of which‘é@&
one reads Greenwich time and;
the other. reads sidereal time.;
These are on permanent display,
~and are.shown in Fig M-le. o

M-2 CONSTANT VELOCITY |
M-2a Measurement of Constant Velocity

The apparatus consists of a
constant "~ speed motor - with a
wheel and axle attached by a
light string to a small toy:
truck, * which is pulled across
the table at a constant veloci=-
ty. The  distance is measured B
with a meter stick .and a stu- N
~dent starts and stops the. large
clock. The students‘ then cal- Ei
culate the -average ve1001ty of
the truck.

ER .

M-3 . UNIFORM ACCELERATION

M-3a The truck shown in Fig M-3a’°is
accelerated by the gravitational |
force on a 50~100 gram mass with

.« the aid of two pulleys. The dis-
“tance and the time are read and
the acceleration is caleculated”

by the equation: x.= 0.5 at2.

Mj3vaccelerati6n~Due to Gravity m'.wm“M¢ Lﬂ¢;

This apparatus is a permanent
setup in one corner of the lec-
ture room. An electromagnet

°  holds a small steel’"ball near
the ceiling of the room. A
switch turns off the. magnet -and
starts the clock at the same
time. When the ball hits a
small 'box, -which may be set at
several different Ievels, the
clock’ stops. The dlstance that %
the ball falls is measured with
a meter stick and the time is
read to the nearest 1/100 sec-.
~ond. The acceleration due -to
gravity is then calculated by

« the equation: y = 0.5 g tzm )

-
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g

M-3c Duff's lee ~~~~~ ,

A steel
ball has a;
. period of
about 0.6
seconds in
the Duff'st
o plane shown ;
- in Fig M-3c.'
The. - plane
is covered -
wltp . chalk’
dust. Then '
one - end of
the plane
is raised
about 2-3
inches and
the steel
ball is al-
lowed to]
roll down
the plane :
with the vibrating period of
about 0.6 second. The accel-
eration of the ball down the.
plane may be calculated from
measurements of the distance
traveled by the ball durlng
each oscillation.

M-3d Wire and Car

* A wire about 6 meters in-
- length is stretched tightly
across - the . blackboard as
shown in Fig M-3d. A small
car. with low friction wheels
is allowed to¢o roll down the
-wire. Marks one- meter apart

- along the .wire are made on
©  the board. '
A student operates the lec—
ture room clock and observes

the time for the car to accel- e

erabte through one meter. This

is pepeated for 2 meters, 3 met- M-3e The Air Track

-ers, U -meters,- and 5 meters.s The The method of obtalnlng the accel—

acceleration is then calcwlated eration of ,a car moving down. an

and the results compared with the - 1nclined plane may also be done
* ' theoretical .value; a = g sin O, ~ ~with an air track asgshown in Fig

where -© is the angle "the wxre M-3es A 0.0l second clock and a

»makes with the horlzontal. E: - scaler are available for the meas-

a
LR
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.urement of the time. A meter

stick is used to measure the
distances. The experimental
value of the acceleration ob- K
tained is compared with the
value obtained from the formu~
la: a = g sin O as explained]
in the previous demonstration.

The technique involved in thisf
and the previous two experi-j -
ments has- been described as |
diluting gravity.

'M-4 STROBOSCOPES
M-4a Motor Driven Stroboscopes

Another method of, measuring®?
time and motion  in ‘velocity
and acceleration experiments : s
is té use a stroboscope. Two
motor' driven units arg shown
in Fig M-4a. They run at aj
constant  angular  velocity;
however, the number of slots
in the wheel may be varied.

; A photograph of a bouncing
i ping-pong ball taken with a
Polaroid ‘camera through one of
the motor driven stroboscopes®
is" shown in Fig M-Ua*. Sharp-
er images of the 'ball may be
| obtained when using the stro-.|
boscope shown in Fig M-Ub.

M-U4b Electronic Strobe Light . .

The General Radiq Strobe shown , : ' *
in Fig M-4b is useful for the :
experiments already presented

~on the measurement of #elocity

_and acceleration. It has .val-
ue in experiments with the air
table and air track. It is
also useful when measuring an-
gular velocities as shown in
Fig M-Ub%, ’




[

MECHANICS = . .

M-5a The Feather and the Coln

e '~ In air, the acceleration due to gravity appears to . be ‘Fig N-Ss
less for a feather than for a coin; however, in a
vacuum the ‘acceleration due to. gravity appears to be
the same for both objects and they will be seen to
fall together. This is a familiar demonstration and
may be presented with the long glass tube shown in
Fig M-5a. The vacuum' pump is a permanent installa-
tion under the lecture table. ’

M-6 NEWTON'S FIRST LAW OF MOTION

M-6a The Tablecloth Experiment

Most students have tried to pull a cloth from a table
without moving a plate or dish. This procedure may be
- demonstrated by pulling back on a spring, then releas-
ing it so as to hit ‘a piece of cardboard upon which
is a steel ball. The force of the spring on the card
moves it qulckly, but the ball remains in place.

ETERGE

M-6b Ball and Moving Car.

A steel ball in a car
moving at constant velocity
is projected upward while ‘

in motion. - The ball Fig M-g‘ Z;?i:;iOth
follows *a path above the P
car and then returns to the
car as ihown in Fig M=6b.

M-6c Water Hammer

| Water is enclosed in a vac-
uum bulb. When the bulb is
lowered rather fast, the
? falling water strikes the
' bottom with a click, and
_sounds as if hit with a

~ solid. Fig M-6d

-M-6d A Body at Rest

This figure shows two small
masses suspended by a small
string. The string both
above - and below ., the 100-
gram mass is the same. When
a sharp  jerk is given the
" lower mass, which string
= " breaks? 'This is another
demonstration rof Newton's
Flrst Law of Motion. )

-
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M-6e Hit the Nail on the "Head" : RN B .

Another ' demonstration of the JB¥ the Nail on the '
* First Law is to have a stu- = ‘ ‘
dent hold-a large book on his
head. Then have another stu--
dent place a 2-~inch board on
top of the book and drive a
nail into the board. '

" M~7 NEWTON'S SECOND LAW OF MOTION

M-7a An Acceleration Experiment °
The apparatus shown in Figlg

A M-7a consists of a toy truckj
v with the original wheels re- g

moved and replaced with two

front axles from a blcycle.

‘This. reduces the friction. A

‘string is attached to the /[

truck, through two pulleys to e

a small mass. This force ac- 3N

celerates the truck across the

laboratory table for about 150

: cms. . The time is observed and

o the acceleration is calculated.

M-Tb Another Acceleration Experiment

e A similar experiment to M-Ta
may be done using an air track.

This is shown in Fig M-Tb.

Better results may.be obtained

. since friction is less and

-t more accurate timing . devices

are availablé, "such as a

A
S, S

secaler with photo-detectors or a special .
circuit - for starting and stopping the.;"
1/100 second ¢lock.

M-Te The Atwood Machine

- -

The Atwood machine demonstrates an ap=-
‘plication of Newton's Second Law. An
"air" pulley with low friction is mount-.
ed about 6 feet above the floor, - Two
'500-gram masses are attached to the ends .,
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of a long string which pass over the
"air' pulley. A small mass (about 50
grams) is added to one of the 500-
gram masses, and the aecceleration’ is
observed over a distance of 2 nmeters.
The time for the 2-meter trip is mea-
sured by the clock, and the .theoreti-
“cal value of the acceleration is com-
pared with the experimental value ob-
tained.

M-8 NEWTON'S THIRD, LAW OF MOTION -

M-8a Forces ExiSt in Pairs

Fig M-8a llustrates Newton's Third
‘Law. The 900 grams of- mass is equal
to 8.82 .newtons as indicated on the
scale.

M-8b Train on a Circular Track
An electric. train on a cireular track -
illistrates Newton's Third Law. The

train is mov1ng cqunter clock-

wise and the tpqék is mov1ng
clockw1se as seen in Fig M-8b.
M-8c Mass Under Sprlng Tension

F;g M-8c shows a vsmall mass
attached to a spring and sup-
ported on a balance. The mass-
is pulled down and tied: to the
base with a string. A llghted
match burns the string and re-
leases the mass. What happens
to the reading on the balance?

M-8d Falling Water

Fig M-8d shows a funnel above a
beaker on a balance. The bottom -
“ of "the funnel is closed by a
' v rubber washer whlch is spring-
- loaded and attached to the up-
© per support - with a light
string. The funnel is filled
with water .and the balance is
-adjusted- for equilibrium. A
‘lighted match burns the string.
: The water pours into the beak«’
" er., Wnat happens to the 1left
side of the balance? Does-it go
up? Down? Stay the same? Watch
closely. Explain. :
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M-8e The Monkey and the Coconut ‘ o ~ .
The brief artieie below describes this experiment.

Reprinted from AMERICAN JourNAL oF mesxcs, Vol. 33, No. 8, 662, August 1965
3 Printed in U. S.-A. " )

The Monkey and the Coconut: *
A Demonstration

HE demonstratlon, Tlle Monkey and the Banana,!
is similar to'thé Monkey and Coconut demonstration
AN shown in Fig. 1. Here the yo-yo also represents the monkey,
The but it is made of stect and was turned on a lathe, The
coconut is represented by a piece of steel with a mass o
COCONUT equal to that of the yo-yo. The two ball-bearing pulleys? L
j have low friction which aid in makmg an mterestmg and .
worthwhile demonstratxon . : .

MONKEY

) Wattace A. Hiron
William J’cu'eil College g '
Liberty, Missours 64068

S - 1 R. C. Johnson, Am, J. Phys 33, 348 (1965). :
» Fxc. 1. The monkey and the co«:onut. ) - 2 Central Sclentific Company, Catalog J-300, Itcm 75762

“-

M-9 NEWION'S LAW OF UNIVERSAL b ;“
GRAVITATION®S B feviarein
{Fig M-9a The

M-9a The Cavendlsh Experiment § C%Yef}dlsh EXPemment
. ‘may- also be "done-as a ;:??w5w{ g ;
i .- class demonstration. The:
; equlpment shown, in Fig':%
.- ‘M-9a is permanently locat~ .1
ed in the lecture room. *#
The beam of light is re- .
flected across the room to
: a screen which is marked }
- Ooff in 10-cm lengths. The }
apparatus must be adjusted
several hours before at-
temptlng to do the experi-
ment .

V

M-10 VECTORS
M-10a Vector Model .

A- three-dimensional vector |
model is shown in Fig!
M-10a and is useful as .an

° introduction to the study
of vectors.

Aruitoxt provided by Eic:
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M—lOb Blackboard Vectors

The Chalk-board draftlng machlne
shown in Fig M-10b is very useful
in the drawing of large scale vec-
tor diagrams on the blackboard.

" This. machine is also ver‘y helpful

in the teaching of geométriecal op-

“ties.

M-10¢ Force Tables and a Torque-Vector:

M-10d A Spool That Obeys Orders

‘y

A Spool That Obeys Orders

_spool that creates interest in the

~ 3” and 6” may be turned on a lathe

~ in the proper manner (appropriate /’,

_table top. While innocently pullm"j ‘

Apparatus
Fig M-10c shows three types of ap-

paratus for teaching and demon-"
.atrating vectors. The first 1is -~

the - conventional force table,
which illustrates that the sum of
three (or more) forces in a plane
is equal to zero. The second dem-
onstrates that - the sum of the
forces in three-dimensional space
(x-y-z axes) is -equal to zero.
The third shows that the sum of
the torques of a system is-
equal to zero.

A spool that obeys orders is
shown in Fig M-10d. A brief
paper describing +this spool is

reprinted  below .from  THE |

PHYSICS TEACHER, Vol 2, p. 139
(Mareh 1964). !

Wallace A. Hilton
Williom Jewell Coliege
Liberty, Missouri
A demonstration with a large

~physics™ involved can ‘be performed
as follows. A spool (Fig. 1) with a
length of 4” to 6” and with diam-
eters d and D that are approximately

or made up with wooden cylinders.
The dimensions are not critical. If
now a ribbon, is wrapped around the
smaller cylindrical section and pulled

value. of @) the spool will roll for- f
ward, or backward or slide along a |

thu ribbon at the proper aadlc one
/

,jiFlg M_1oc¥ Three Dlﬂens1ona1 g
force Table - ‘ Torque‘i ’

ALY

4 \

Force Table _
| Vector '}
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can give verbal instructions which

the spool obeys! C , , o
A problem for a class is. “What s o .

are the conditions for each behavnor : . W\ ,
oftheSpooP ‘ . o
. N st ~ \ N ’ ) . . R \ ]

\ . N
\\

RIBBON—

l

[ ‘ - The condition for Figure
| R sliding . is ex- L1
|

N

lained as follows: A spool ~Z
p S: . - that -
/

- -~
oheys o

EFy=F ‘cos 8- uN = O(Eq 1f™™ .

)

. SIDE VIEW . " END VIEW

{{Ir = Fr - uMR = 0 (Eq 2) -

Equations 1 and 2 are based on Fig 2 ' : o s :
and state ¢ghat the sum of the forces , ¥ LT .

in the .x-direction is equal to zero, B ‘ ' :

and that the sum o‘:e torques is ‘ '

equal to zero. :

Now substitute the value of, U from
B Eq 1 in Eq 2 as follows:

Fr = (F cogfe) R (Eq 3) - ..

; | and  cos @ = /R - (Eq. #) N ' : , S

Thus for the sliding condltlon, the o - o
cosine " of the angle between  the : D ) S ot e
string and the horizontal is equal ' T T ' '

. ‘to the ratio of the radius of the v
axle to the larger radius: r/R. o« Fig 2 The SP°°1 that ObeySMOrders

\13’

M-1] FRICTION L ———

M-lla Coefficient of Fractlon

§ o —

- ' S The apparatus shown in Flg
" M-lla is useful for the con- - _
ventiofial demonstration on = Fig M-1l1a Coefficient of
"the various types - of ' X ‘Friction
friction: starting, sliding,
rolling, ete. ‘

Its best use .is for showing .'EA Ly
the angle of uniform slip and . ‘ ‘L
then obtalnlng the coefficient e
‘of either starting. or sliding.

friction by the formula:
w =Tan 6

Ie

_.where W is the coefficient
‘of friction and © is.  the
angle of uniform slip. '
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M12 .FLUID‘FLOW AND STREAMLINING

M-12a Ball in an Alr Jet
One’ method of . demonstratlng the
‘Bernoulli principle is to place a
ping-pong ball in a‘jet of alr as
shown in- Flg M-12a.

2

v

M-12b ,The Blow Tube

‘Ahother way to demonstrate
Bernoulli's |/ principle is to
construct a blow tube with a
small’ spool and a. short tube
. as shown in- Fig M-12b. A pin
~1is punched through a small
sheet of paper 'and ‘inserted
into .the bottom (open) end of
the spool. Blowing on the pipe
will produce the Bernoulli ef-
fect on thes top side of the
- paper, thus holding the paper

> to the spool. Youw may have to i

prove to some sStudents.that you Fig M=12b

» are blowing and not sucking. . ' =

. L

- M=1l2c Bernqulll s Prineiple
Apparatus

This apparatus - demdnstrates |

‘the- relationship between velo-

city and pressure in a stream

‘of air. Manometers are locat-’

ed at 4 different places along

the tube and, the pressuge is

- compared with the velocity of

the air stream at these points.

Compressed air from the butlet
on the lecture desk is  used
for the demonstration.

Care must be used in adjusting.
the tair pressure in order to
keep the 1liquid in the mano- ——
meters. . - Fig M-12c
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M-13  PROJECTILE MOTION
,M-l3a‘Shooting,the Monkey

The - familiar "Monkey and
SO - Hunter" experiment may be -
demonstrated with the items
shown in Fig M=13a. The tin
can represents the monkey,
and the tube with ball bear-
“ ing is the blow-gun. The
can-is held by an electro-
magnet which is about 7 ft.
_above the floor. The gun
is pointed at the can. An 4
electrical switch turns off 7 §
the electromagnet 'as - the ' %
ball 1leaves the gun. “The o
ball hits the can, TheArequlred
6 volts is on the lecture. desk
and the electromagnet and wire
-are permanently installed in
- the room. It is a "must" demon-
stration and is easily set up.

M-13b Falling Ball and a Horizontally |
Projected Ball ‘

Fig M-13b shows apparatus to
- project a ball horizontally at
the same instant that another.
. ball falls vertlcally. Both
.. hit the floor simultaneously.

. M-13c Spring-Gun Ballistic Pendulum

The apparatus shown in Fig .
M-13c is useful for determin- e,
ing. the initial veloc¢ity of a
projectile by use of a bal-
listic pendulum,

M-13d Water Drop Parabola Demon—
o strator : S o
‘ - - This apparatus demonstrates
the parabolic path of a wa-
ter  jet.- The individual
drops  will appear to stand
- still . when wusing the - GR
stroboscope shown in Fig
‘M=4b. Proper adjustment of
the stroboscope . may alse
- cause the drops to appear to
move slowly in either dlrec-
tlan.

12 - :;

-
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M-14

M~l§a_Conservétibn‘of Energy (1)

M-14b Conservation of Energy (2)

M-1l4c Gears, Wheel, and Axle

~ torque, . gear trains, etc.,

M-14d Pendulums ' P R L

" at 66 ems from the lower end,

 the 99-cm stick is pivoted at
“‘one +end - and its period com- .

. the length of thestring plus

Py - . . : e v
. . o

MECHANICS  ~ . o7 o .

o . B
- . ¥

CONSERVATION OF ENERGY: WORK
AND POWER S

Three curved tracks are shown

- in Fig M-14a. A steel ball -
is placed at the top, of each .
track and each rises to-.about
‘the same height at the other
end of the track (neglecting .
friction and rotational ener- -
- gy). On the fourth track, the
ball 'has all kinetic energy
as it continues -to roll on-
the level track. - -, .

A fsimilar - experiment is to -
hang a.heavy bowling ball by a
héavy string to .the ceiling.
Have a student hold the ball
at the ‘tip of the nose and
then let it swihg. This is a.’
test of the studentfs belief
in the law of conservation qf
energy. The student should be
advised not to push ‘the ball,
but Jjust to let it go.

Y
R ERV

Fig M-li4c shows the PIC-Kit
(M3044)  for demonstrating

‘and a wheel-and-axle.

Fig M-1l4d shows thheeapendu-
lums: one a 66-cm. rod, the
secdnd a 99-em stick pivoted.}

and ‘the third a steel ball
supported by a ‘string, with-°

- the radius of the ball equal
to 66 ems. The period of the
first and ‘'second pendula are
compared to the third. Then

‘pared ‘to the period of the
simple pendulum. The experi-~
mental values’may be compared
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M=1llde Conservation of

M=14f

fyass on End of

L3

Energy Toy and
an Oscillating

Spring -

Fig M-1lle
shows . a toy.
bird that has
been lifted to
the top 'of a
smooth rod -and
thus given po-
tential - energy
= mgh. Theé toy
is made so that
‘the bird slow-
ly slides down
the ‘rod, giv~
ing up' energy"
to frietion ahd
to sound energy

e

' MECHANICS

as the bird pecks on the . o

rod.  The bird also, picks
up_ kinetic energy. It's
an instructive toy. .Also

shown in- this Figure is a‘

student-made - unit, except
that the bird is replaced

by a 1loaded sprJng ‘which

slowly slides down a taller
‘rode. ’

This figure also shows '
a mass on the end of a

spring which is useful’ for
demonstrating conservation
of energy, transfer of en-
ergy (kinetic to potential,

ete), and ‘simple harmonic

motion. . ° *

Other Types of Pendulums

Shown . in Flg M=14f is a

"Variable G - Pendulum"

which  demonstrates . the
‘change in period with
change -in the acceleration.
due to gravity. The effeé-.

tive value of ‘g’ changes as
the plane of vibration
moves - through an angle
K. Also shown in the fig-
ure are two- Wilberforce's

pendulums, one of which is

much larger than the other.

-
.

%
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M-1lUg Rotational . Har'momc Motion lw
o hd (welCh) . o

In this experiment the poten-

‘tial energy stored in a spring '»

oo - is used to produce rotational |’

‘ harmonic® motjon and to study ¥®
angular momentum - and moment

- of inertid.

“'M—lS'MOMéNTUM

M-lSa Introductory Demonstratlons .;'

L

Flg M-15a presents five pleces

. of equipment for demonstrating:
: the conservation of momentum:

- - (1) Two steel balls of equal
- mass supported by two strlngs,

(2) five steel balls; -(3) six

pool balls held .by strings;

(4) V-trough with "six steel

- balls "’ in arrangement to roll

balls down an inclined plane;

and (%) air-gun with wooden

block (with paraffin center)

o for determining the veloclty

of a bullet‘from the gun.

W

e
P
¥

i :
M-15b+ - Bowling Balls’

» . © This demonstration = consists
' of two vbowling balls for a
momentum demonstration. ’

%/z 'M-15¢ ' Conservation of Momentum

This experiment consists of a
long board (with. stops on:
,each end) which is balanced:
" .near the center on two small
CoL So1Me xo 1M ox 12" boards. Two
" spring-loaded”  cars, ° -each
holding  one or more bricks,
. are placed at ‘the center of
‘the board. Phes springs are
released, the carssmove in,
opposite directions, ‘and .the
 board stays balanqed, _thus
) ~demonstrating ~ the . co -
o vation of momentum. The ex-
-periment may be-repeated wit
2 bricks, on ‘one car and one
brick on the other. el
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M-I5d * "Dry-Iee" Pucks

4

M~15e. Air Track Experiments |

M-le Air Table Experlments

, .and -Strobe..’A Polaroid cam~ Fig M-15fa

" ed table in the lecture room

. The" acceleration .of the car-

- tum expemmentf 1s - shown in
Fig M-15fa. Here an air puck

er puck. - From theé .record it

" to calciilate the momentum be-

~ shown in Fig M-15fb. - A mass

- culated and compared to . the
. experimental - value. - The
: strobe f‘requency was 10 Hz.

PR MECHANICS - .2

Three  "dry-ice" puc’k‘s to be

used on a plate-glass-cover- .

are available for collision
demOnstrationsﬂ : .

1. Fig M-15ea shows an air | +<—<-After Tmpact <<<<o -
I

track with two cars .of.edqual; }

mass. The one on the PLENE 1, oy s e s e e e e e e e e ___J‘

is approachlngn the one on
the - left, which is station-
ary.o After impaect, :Car” 2
moves at about the same velo-’-
city- as Car 1 'did before ~im-'
pact,. thus demonstrating .the
conservation of momentum. .The' | *;
Ealing xenon -strobe wag uSed
at d ’fr'equency of 10 Hz. :
2« Fig M~=15eb shows the ac-
celera'clon of a car down an
inclined. " air . track. The
strobe frequency wés 10 Hz.

may be calculated. A meter
stick may.be seen below the ,
strobe. data. (Ealmg LALr
Tr-aek & Strobe), o o

v

Two ‘egperiments -aré shown '\
usmg .an Ealmg Air -Table-

era is also shown (Fig M-15f)
l. A con rvation of momen-

with reflectov moves ‘dcross
the table and strikes anoth-

is possible for ‘the student

fore and after impact. -
2. Angular' acceleration may
be . calculated from the data. ‘,

of 100 grams'is attfached by a
string (over a pulley) to a.
1630-gram solid disk of 15 em
radius. The theoretical angu-
lar acceleration may be cal-
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.

o M-ng Meving the Air Tr*ack ‘and the ' - M-16 CIRCULAR MOTION

Air Table M-lﬁa Demonstratz.on of‘ the Radlan

Qur air track and air table are. A large wheel about 3 feet in dia-

usually kept in a laboratory but meter’ is c¥refully divided into 6
are easily moved to. the lecture 60" angles, shown in Fig M-l6a

? - .
room as described in the follow~ " It is mounted on a ball-bearing

ing brief article reprinted- from
. axle and attached to a stand.
the AMERICAN: JOURNAL OF PHYSICS string is used to mark off radii

Vol 36, March 1968 along the clrcumference, thus dem~
-onstrating that there are 27 ra- . ¢
dlans in a e¢ircle. :

o

Moving the Air Tracks' * -, =

N air track!™* with its’ ‘many- attachments is

a useful, but bulky, piece of equipment to

move around the laboratory and from classroom

, to-laboratory. This. transportation problem can’
be made much easier by the construction 6f a
table with space for the air source and’ open
-shelves for the attachments. The table is then

- mounted on four Iarge Tubber swivel castors?
Such a-table with air track and various attach-.
ments is shown in Fig. 3. One of the values of

‘M-16b Circular Motion

“Three.devices bare shown which 'may '
. help to demonstrate circular mo-

Fic. 3. Air-track table. .. gion: (1) The rotation of a small

such an arrangementzs that the air track, blower, ' chain causes it to form a circle; -
and attachments for doing various experiments - ©{2) A loop-the-loop; and (3) A = .
"and demonstrations are kept together and easily’ - coat hanger. For <(3), place.a .

* moved from the laboratory to the. classroem ’ dime on the base and rotate the

hangf about your first finger.

Watzace A, Hitrox It takes a little practice.

Y o T . ‘William Jewell College:
T s .. .. Liberty, Miuourwm

1The Ealing C'otporation, Cambridge, Mass, 02140
Item No. 33-000.
.. 2Macalaster Scientific Co., Waltham, Mass. 02154.°
“Ttem No. 11000
: 3 Direct Systems Corporstion, 539 Ellioott Street,
Buffalo N.Y. 14203 Item Nb. 3-046.
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“ M-l6¢ Circular Motion (1)
' Fig M-16c shows' three demon-
. strations on circular motion:

(1), Two' jars. ‘filled with
water have two corks tied by
strings to the base. The
‘jars are conneqted by a metal
‘bar and set on a small ‘car.
< - When the car is given a quicek
v . ~push, the balls move forward.
- (2) The jars are now moved to
o another stand and rotated
S - about their center of mass.
" ' The balls now move toward the
center. (3) A .small circu-
lar chain is placed around a
wheel which is attachéd to a
motor drive. At full speed
the chain- is forced off the
wheel and moves across  the
table (or floor) in a circle
for. seG%ral feet before col-
#  lapsing. : . :

_Mr16d  Cireular Motion (2)

' Fig M-16d also showys three

- . .. demonstrations on ecircular
motion: (1) The semicircular
tube 'is ‘filled with water
with a spherical cork float~
ing at each end. When rotat-.
ed, the corks move down the
tube. (2).Lighted candles in
— plastic cylinders are rotated
L. about their center of mass.,
‘ " The flame moves toward the
" cénter. (3) Water, a cork,
and a steel ball are. placed
'in a circular dish and rotat-
B . _ed. The student is asked to
. -predlct what happens. ¢

v M—lﬁe Clrcular Motion (3)

| S uentrlpetal force apparatus, -
which is usually used as a
laboratory  experiment, is
shown in Fig M-l6e.

. Me16f  Circular Motion (4) :

A Cenco Watt's governor is
shown with valve regulating
gear. This illustrates an
application of centripetal
force. As the angular speed -
increases, \the valve closes. . T : T

‘-~ 5353. _ o oo
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\ . M-17 KEPLER'S LAWS .o Fig M=-17a
t M=17a Construction of an ElllpSe_ o

- An ellipse may be*constructed
by using two nails, a string,
and a pencil as shown in Fig
M-17a.

- M-17b Elliptical Path from Air
Table Puck (1) '

A strong magnet is placed under -

the air table and a magnetic air

° puck’ with pin-point source of
’ light traces an ‘elliptical path

as shown in Fig M—l7b. :

M-17c Elliptical Path from Air
' Table Puck (2) ’

o With a strobobcope the dlstance
! \praveled during each tifne inter-
~fwﬁu_*‘w(fu4;wwvval 4is recorded on -film. . This
' demonstrates ‘that equal areas are
swept ‘out in equal time inter-
vals, as shown in Fig: M-17c.
J I¥See THE PHYSICS TEACHER, Vol 8,
5p 244 48.)

M-17d Escape Velocity

s,

Fig M-17b

-

After presenting the derivation
~of the equation’ for "escape vel-
~ocity," some teachers and some
“clasdes may find it amusing to-

see a demonstration on "Eseape

Velocity.®. The apparatus,

shown . 1n'F1g M-17d, is placeéd on,

he lecture room table before the
class enters. The water is
. poured into -the can. THE CAN

o -~ HAS A SMALL HOLE IN IT AND THE
SN . WATER IMMEDIATELY FLOWS INTO A
N . e, . OSHALLOW PAN UNDER THE BLACK

\\\ ' BOX. The instructor carefully

,\\ picks up the tin can by the
\( heavy ' strings attached to it,

N, _ then carefully starts it swing- :
- ing in a vertical cirele and

. increases its angular speed to

'a maximum, then announces to

. . the’class that the can (AND WA-

’ - -TER) has reached M"escapeé velo-
eity.® He, then carefully lets

it come. to rest. Then he turns

the can over and no water pours

P
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‘out, THUS DEMONSTRATING THAT [
ESCAPE VELOCITY WAS ATTAINED.
- It's a joke but students seem
to enjoy this‘change Qf pace.

.

' M-18 CENTER OF MASS
M-18a Center of Mass Apparatus (1)

RO -Three pieces of equipment are
- shown in Fig M-18a: (1) A
50-gram and-a 100-gram mass
are supported -on a _meter
stick with the fulerum at the
center of mass; (2) A. toy
horse with rider and - lead
weight -are "suppérted’ at the
center of mass; and (3) A
‘ small _ double-cone-shaped
‘\\ . piece of wood appears to roll
' : - . uphill (however, its center of |
'mass is moving downhill). - :

M-18b Center of Mass Apparatus (2)
Several pieces of ‘equipment
for demonstrating- center of
mass are shown .in Fig M-18b:
(1) Leaning Tower of Pisa, (2)
‘three disks with movable and
stationary centers- of mass,
and (3) various smaller items, .

o [S > 0

~

« . o ‘ / ' ¥ i
M-19 - MOMENT OF INERTIA; ROTATION

M-19a  Gyroscopes
Six types of gyroscopes are
shown in Fig M-19a. They may
be used in various ways to

‘ demonstrate pringiples of the

_ ' gyroscope, including preces-
. sion and rigidity in space.

M-19b = Gyroscopes; Moment of
’ Inertia- : '

u

Shown in Fig M-19b are (1) two.
magnetic gyroscopes, -(2) Max-
well's Wheel, and (3) ring and
disk moment-of-inertia appara-

‘?‘ tus-"_

B

20 | o B ) | 30




: . result # shown An Flg M-19¢c.
M-19d Slmple ult Pendulum :

~ MECHANICS

M-19c Moment of Inertia: Ring
-and Disk

~The ring and disk shown in
Fig M-19b are placed at the
top of an ineclined plane. Fach
has the same mass’ and,” being ¥ -
at the same level, each has’ . A b - s
~the same potential enepgy. ‘ ig M-19¢ Ring & Disk
‘When .released, the disk rolls gu . '
down the inclined plane faster ] Fig M-19d Foucault
than ‘the ring. Students are Pendulum
~asked to prediet which will go
faster. Their decision should
© be based on their understand-
‘ing moment ‘of inertia and the
conservation of energy. .The

&

Fig M-19d shows a simple Fou-
cault pendulum. When the pen-
dulume is set into vibration
‘. and the support is rotated,
the pendulum - swings iﬁ the
original plane. v

'M-19e Magnetic-driven Foucault B
” Pendulum ’ ,

This pendulum is ‘on permanent
exhibit  as.* a ‘corridor dem-.
onstration and -is described
by C. L, Strong in SCIEN?IFIC‘
AMERICAN,  Vol. 210,»‘%Feb.:
1964, pp 132-139‘ - : '

M-19f Precession (1)

- A-bicycle wheel wrapped with
Nb. 9 igon wire serves as a
gyroscope for a student on a.
pivoted . stool. When the
gyroscope is raised overhead,
the student rotates through
i90 . Lowering the gyro-
scope to its original posi-

.tion’ causes potation in the
other diréction., This is an.
.example of prece551on. See
Fig M—19f.

M-19g Preee551on (2)

' The gyroscOpe;vmade from the
front wheel of a biecycle, is
+ placed on a ball-bearing
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pivot at the top of a ring stand.
‘The gyroscope .then - precesses about
the vertical axis. :

. M—lgh Precession (3) o __vf -

’ Probably the cheapest way to ‘demon-
,strate precession is to cut a éircle
from -a piece of cardboard, then
drive a: ‘nail’ through its ¢enter and
into the end of a small stick. Plac-.
ing a finger {or llght force) at any
point on the rotating dlsk will
cause it to precess. (See Flg M-19a

[-2D ;

i

M=19i Conservatlon of’ Angular Mbmentum

R The conservation of angular momen-
tum may be demonstrated by: hav1ng
-a student sit on a stool plvoted
on ball bearings and hold weights
+ ' ©  in the outstretched hands. ; While
© - rotating slowly, bring the hands
(with weights) in toward thé-body.

- . The angular velocity 1ncreases, .
consistent with the equatlon

Ilwl -I w

M-193 Elastlclty and the Coefflclent
of Restitutlon

Fig M-19j shows these items: (1)

- three rubber balls of various
degrees of.-elasticity, (2) %sil=- -

_ 1y" or "houncing" putty, (3) co-
- efficient of restitution appara- L ,
“ tus,” (4) carborundum -and  twd R
- ~ Bologna bottles, and (5) several
Prince Rupert Drops. Items 4 and
PO 5 are helpful in - demonstrating
" " the surfage tension of glass.

* M-19k Free Fall Paradox -

The apparatus for demonstrating

‘a free fall "paradox is shown in
Fig M~19k. Its explanatlon in-

, ©  volves several princlples from
mechanies and is described  in

- the fbllowlngnbrief paper which ™

is reprinted from THE" PHYSICS

L , ACHER, Vol 3, Oct. 1965, pp.




H-lQLk, Free Fall Paradox, continued
 Free Fall Paradox |

Wallace A. Hilton
William Jewell College
Liberty, Missouri

'IIHE “Falhng Chimney”—Free Fall-
L Paradox! in which a ball is placed-
at one end of a uniform stick which
is pivoted at the other end and making
an angle of about 30° with the hori-
- zontal may serve as an interesting
» demonstration on torque, angular ac-.
celeration and moment of inertia.®:
In the demonstration, the elevated end
of the stick is released and the ball
drops into the cup which is'located as
shown in Fig. 1.

o

If the stick is uniform and one may
neglect the mass of the cup, the mo-
‘ment of inertia of the stick about the

~ lower end is
' 1=1/3mL* M
where m 1§ the mass of the stick, and
L'is its length The acceleration of
the moving end of the stick is given
by ’

.

(2)

where o is the angular acceleratxon\
The torque, T, on the stick is

. @=La

<

L
T=Ia=-_.—2—-mgcos0 3)
where g’is the acceleration due_ to
gravity and ¢ is the angle the stick
makes with the horizontal. This de-
creases #5 the stick falls.

[ZE]
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. . .. . [} )
- Substituting the value of I from
Eq. 1, and ¢ from Eq. 2 into Eq. 3,
one finds that the acceleration of the

- falling end of the stick along the tan-
gent of its path is given by
. E o 3
a::—-‘gcos&
2

4)

acceleratlon is

‘o

Ta,=3 /chos-()

the ball only when cos f) is greater

than v/(2/3) or when 8 is about 35°

v

or less

/" o

1R, M Sutton, Damonstratron Expm- :

‘ments in Phyms, McGraw-Hill, 1938‘
page 89, -

2P, A. Constannmdes, Expmments on -

" Torque, Angular Acceleration, and Mo-
¢+ 254-57.

..

R |

Lo

Figure 1. Arranqumonf of ball, cup

e

‘and sﬂck in ordor fo demonstrate the free foll pcradox. '

~
-

fand the vertwal eompanent “of this )

) .
Thus the end of the stick has a =
greater acceleration’ downward than .

ment of Inerha, Am, Jour. Phys Vol. 7,

23
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M-191 The Conical Pendulum

MECHANICS

The following. paper- is re~
‘printed from AMERICAN JOURNAL
OF PHYSICS, Vol 31, _p 58,
January 1963 :

~ Another Version of the Conical Pendulum
’ WALLACE A. HiLTON.
. William Jewell College, Liberty, Missaurs

HE construction and use of a conical pex}dulhm has
been presented in a recent AAPT Apparatus Com-

mittee report.! Less shop time is required to construct the
- conical pendulum shown in Fig, 1, Here the main bearing

is

made from a front axle of a bicycle wheel. The bearings

" are placed at each end of a 2-in.-diam alyminum rod, which

is

. through whicha vertxcal string passes to améttached mass,

2in. long. A hole is bored through the center of the axle,

Fi1c. 1. A conical pendu]um with the beaxinn made
from a front axle of a bu:ycle ‘wheel, o

This design of a conical pendulum has proved to be a
satisfactory and useful demonstration and laboratory piece
for the introductory courses. '

1R, G. Mardey. Am. §. Phys 30, 221 (1962)

24
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M-20 - LIQUIDS AND SOLIDS

-sian- diver,

" M-20a Density

Fig M-20a presents several small
pieces of demonstration equipment
which are helpful. in presenting
this topic to beginning students.
They are: (1) a siphbn, (2) Carte-
(3) ‘demonstration of’
wood density,’

sity balls and beaker, (5) frozen

paraffin, and (6) a 1-liter cube.

M—20b Pressure : i .

.ed-o_p

'The dev1ces shown in F:Lg M-20b'
- show that the pressure in a 1li-~

quid varies with depths (1) Here a
small funnel covered with rubber .
is lowered, into a , container. of
water and the pressure is.detect-
the manometer which is.

(2)
The bottle is filled with water
~and the: change in pressure with
depth is observed by the horizon-

conneeted by a rubber tube..

tal’ distances that the three
streams are projected 1n 'a hori-
zontal direction. '

'34 ‘f

(4) 'salt, two den- .
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M-21 SOAP BUBBLES, THIN FILMS,

MECHANICS - L

o

M—20e Archimedes' PPlnclple

In this demonstration . the buoyant
force of the water is used to de-
termine the density of a metal
cylinder. The volume of the water
which overflows is equal to" the
volume of the, cyllnder. The four
steps in the experiment For demon-
strating Archimedes' principle
_are as follows: '

1. The .metal cylinder is placed in a cup; the
¢ - fitis a tight one. The vertical depth of the cylinder.
" is noted. The cup is suspended from one arm of an
equal arm balance and weights are added to the
other arm until balance is achieved,
-2, The metal cylinder is removed from inside «
sthe cup and is hung from a hook on the bottom of
the cup. The balance is preserved
3. A beaker of water is Taised until the metal
cylinder (not the cup) is immersed. The balance is
destroyed.

. 4, Water is poured into the cup to the same
depth as had been occupied by the cylinder. The
baldhce is now restored.

'

It

M-20d The Hydraullc Ram

This model of a hydraullc ram .
shows how water may be caused
to rise to a level hifher than
its source of supply. The
apparatus is a littld‘diffi1
cult to operate, but with the
right touch, it will ?ork.

M-20¢ Hydraulic Press (Welch)

‘This hydraulic press\develops
a 5000-pound force to measure
the breaking force- on a small
board or the eompre331onal

. . force on a large spring as-
shown in Fig. M-20e.

-SURFACE TENSION
M—21a Surfaee Tension and Soap

. Fllms , N
The demonstration items in Fig e
* M~-2la include a beaker of li-

quid. soap and 8 w1re devices

‘for  exhibiting thln ~soap .
- films.
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A funnel and two pipes for
blowing- soap bubbles are also
shown. (See C. V. Boys, SOAP
BUBBLES, Doubleday)

M-21b Vacuum Deposition . of Thln_
Metallic Films -

Those students who- plan to.

maJor in phys1cs may want to

see the vacuum system that

is used  in. the 1ndependent

- . study and research program

T ~ for the-deposition of thin . metal- .

lic films. The system is shown in =~ B , R

. Fig M=21b. . . :

M-22 GASES'AND'FLUIDS79'

M-22a Density of Air

A spherical contalner is welghed on

a balance. . The air is then pumped [
~out of the container and it is |

‘weighed again. The balance shows'a

. ‘ loss of weight..of about one gram.

e o The optical system shouwn makes it

N, possible ‘to ' project an image “of .

the pointer of the balance on the -

classroom screen, SO the .entire

class may see that there is a loss

of we:ght wherd the air 1s removed. |

M-22b Barometers and Magﬁebgpg
Htmlspheres

_  Fig M-22b shows three pressure sen-

- L sing devices: (1) ‘a mercury barom—f‘

, : eter with a tall bell jar for re-
< - . ducing the. pressure surround-
ing the barometer, (2) two an-

. eroid barometers, and (3)0two

;- P sets of Magdeburg hemispheres.’

M-22¢ Buoyant Force of . Air
(Leybold) g '

A small mass and‘a-large bulb -
are suspended in air on .a
balance. The balance reads
zero. The mass and the bulb
are . placed under a .bell jar
o- and the air is removed. The
5 : bulb. "drops" since there is
v " now no buoyant force due to
' the air. So,which has the
greater mass: a- pound of
feathers or 'a pound of
rocks? See Fig M-22c¢c. .

Q ‘ . . . s . o . ’ . .
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M-22d :Force on an Evacuated Can

 Air- may be pumped out of a
~one-gallon paint can and the

. elass will see the can col-

o -lapse; or the can may be evac-

" ‘uvated:. by putting a smail
amount .-of>" water .in the ean

y ' 'and'heating it to the bdiling }
"point as shown in Fig M-22d. (A
stopper closes the openlng.
Water is thén poured on the
can, condensing the steam, and
ithe pressure of the air col-

&

lapses the ‘can. &
e e @
M-22e Den51ty of Air and Pascal's B T - L
Vases o ' ' -

The relative density of hot
and cold air is demcnstrated

by heating one of the- cans

. shown 1in. Fig M-22e, --causing
the air to expand. Thus some

of the air leaves the can and

- the scale no longer reads|
zero. Pascal's Avases:
demonstrate "that pressure is
proportional to the depth of -

ERIC -~ -

P s : N

-
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. the liquid and- 1ndependent of
v the volume and area of the
. surface of the. 11qu1d.

M-22f Pumps, Hydraullc Llft

“woo Fig M-22f shows flve demon-
» ~ stration pieces: (1) equilib-
rium tubes, (2) spiral pump,
(3). 1ift pump, (4) force
pump, and (5) hydraulic lift.
z M-’Zg Gaplilary Apparatus

Twod pieces of caplllary appa- Ny
. ratus and a set’ of &apillary
‘. .. . tubes are shown in Fig M-22g.

M-22h Caplllary Tubes Y . . ’
< M-221 Molecules in Motion
A set of seven caplllary' '

. tubes is used with ap optieal - - An evacuated glass tube contalns
e . system to pPOJeCt an’ 1mage of ‘ a small amount Of mef’cur’y and )
the tubes on the classroom ‘ N some small eolored glass chips.

sereen. - When the mercury is heated, some:

, ) of it goes into the vapor state.
- ‘ o o The molecules of mercury-have ra-’
- ' : ther high speeds as -indicated by
the rapid movement of the color=
ed glass chips. The optigal sys-
tem shown in Fig M-22i_makes it
pessible to project this molecu-
lar motion on the cldssroom
screen and it is then easily vis-:
1ble to the entire class.
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\ - indicated by the random. move-.

M-23a ;
-Three ' types of- hygrometers. |

Tt A dial-thermometeﬁLtype

o M-22J“Brownian Motion : . u - B
' " A small * smoke ' chamber is MR- ||| Fig M-22§ -
* placed. under a microscope, B | Brownian ¥°t10ﬂ ,

-one consists. of a gallon Jjug,

_M-223.

“Mechanical « Gas Model and

'y MECHANICS

The. bombardment of " the " smoke
particles by air: molecules is

ment of -the smoke™ particles."
The apparatus is shown in Flg
& R A

WEATHER (Meteorology) e o

Relat;ve Humidlty_,~x

are shown in Fig M-23a: > (1)
sllng p€ychrometer, (2) wet-
and-dry bulb hygrometer, and |

hygrometer.

s

Cloud Chambers

Flg M-23b shows a mechanlcal‘
gas model. (HS4C) and two |
cloud chambers. The larger |

"with a small. amount 'of water

~'bottle. A  rubber stpperliS‘
* -shown in Fig M-23b. ~ Air is
. the stopper jumps out and a

white cloud appears in the

) bottleo

M-23c

Several large-scale weather
‘maps are available for class-

i

and methyl alcohol in it. In
order to’ have condensation §
nuclel, a small . amount of |
smoke. is introdueed into" the

ingserted in the bottle as

forced into the bottle until

bottle due "to the- coollng by
expansion of the -air in the

Weather*Maps - .
The United States Department
of Commerce's *Daily Weather !
Maps are receivéd each week by
the physics department and are
available to  staff and stu-

dents for -use in the class-
room and laboratory.

room use. See Fig M-23c. 3




¥

rHZ"l (.

. H=la

15 the, _basis for this ther~
~‘mometer whlch is callbrated
, from 0. F to 2000 F, and

-2

Wire used with the equlpment

- through a 3~ohm resistor will.

' 378-79.)
.30

-onstrating . thermal expans;pn,

‘and ring, and (7) water. thermo-u

which oceurs - at the Curie
temperature may be observed.
" (LeRoy Weld, A TEXTBOOK OF "

TEMPERATURE

Thefmocouples L

A chrdmel-alumel pyrometer

may be used to .measure the "
temperature of ‘the flame

from .a laboratory burnef,  Also

shown are Several 1ron-eonstant and

,chromel-alumel thermocouplés which '
are connected* to a galvénoweter.,

Heatlng the gunctlon of the two met-

‘als will ‘cause a defléction on the'

galvanometer.‘ , S SRR
o :
N :

s

Thermocouple Magnet

-

'A Bunsen burner is used to heat oneit,
~vJunct10n,of a thermocouple “as ‘shown

in Fig H-1b. The thermocouple mag~

net. at. the "time the’ ‘photograph- was |

taken was holdlng a mass of 13 kllo-
grams or about 29 pounds.n

EXPANSION IN METALS AND LIQUihs

Equipment shown in Fig He2a
includes: (1)-ice bomb, {2) a
pulse gléss, €3) alr(thenmome—ﬂ
ter, (4) ball and ring for dem-

(5) bimetallic strip, "(6) ball’

meter.

'LineaPtExpansion
A ‘wire heated by an: electrlca
current will. .expand. In the

shown in Fig H-2b, a Powerstat
varied from 0 to 30 volts A.C.

cause a significant change in
the 1length of the wire. If
about 26-gauge - iron wire ‘is
used the recalescence of iron.

HEAT, - Macmlllan, 1948, " pp

K




\>S' " thermal radiation across the

. . as a detector of the radia~

HEAT

v

H-3 HEAT TRANSFER

H-3a Conduction, Convection, and
< Radiation ‘ : ‘_; )

Three simple jdevices are

~shown in Fig H-31 to demon-

strate conduction, convection

and radiation, In the con-

‘duction experiment, each of

, ‘the six cups at the end of

. the six rods are filled with

paraffin. Heat is applied at

the eenter and the melting of

. the paraffin is a measure of,

. the’ conduct1v1ty of heat.,

. For convectlon, a candle is

lighted under one chlmney.'

Use smoke'to demonstrabe .the ..

convection currents. For ra- '

diation effects, a heat lamp

is ‘pointed. toward the two

thermometers. One will show

a greater increase in tem-
perature than thefbther.UﬁV

H-3b _ Radiation’(1). .

At the left in Fig H-3b is a
Leybold Radiation screen. On
‘ one - 31de is polished. metal
with a black letter L. The
other side is coated with |
‘thermochrome paint.. The ap-
paratus demonstrates the ab-
sorption’ of thermal’ radia-
tion. The apparatus on the-
right in the photograph con-
sists of a radiometer and ‘two
pieces of glass, one opaque
and the other clear and heat-
absqorbing. -4 source of in- "
frared is to the rlght. The
absorption of heat " by . the
clear glass -and the trang-
mission of heat by the. opaque °
glass is demonstrated.<

H-3§ Radlatlon £2)
‘A heaf source near the: focal
" ‘peint of a reflector reflecﬁs

table to another concave re-
flector where it is focused
- on a radlometer~whlch is used -

tion. . e _ ‘A
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KINETIC THEORY OF GASES =

Avogadro's Number.

When deriving equations for the
kinetic theory of gases, it is

" useful to have a: box of gas. A

 f.H-5

’H-Sa

" H-5b :
. . Fig M=5b shows (1) a model of a

small electric generator. N

H-5¢

H-5d
' leressures and at 50 C

eonvenlent size is-22.4 liters

which at normal temperature and:

pressure. contains Avogadro's

number of molecules. Such: a.

box, is shown in Fig M—Ha.v

‘THERMODYNAMICS AND HEAT ENGINES

Heat»Englnes (1) l
Shown in Fig M-Sa are three

types of heat engines: (1)

Hero's engine, (2) steam gun,
and (3) friction gun. The steam

‘gun - requires, water. and the
friétion gun requires ether.

e

Heat Engines (2)

steam locomotive, (2) a model
of a gasoline engine, and (3) a
waorking model of a steam engine
which furnishes power for a

Fire Syringe -

Three . fire syringes are shown

in Fig M~5c. This equipment

demonstrates the heat generat-'
ei by air compression, in that?
a small piece of cotton will be |
ignited when the air is com-

‘pressed very rapidly. It  is

difficult to get. it to work,
but it can be done.

Boiling Water at . Reduced

Thls is a dangerous demonstra—
tion and much care must be ta-
ken as there is danger of an
implosion. . Take a ROUND bottom

flask and fill it - about, one~

- third, full with water and then

32+

heat to boiling. Insert a ther-

mometer in a rubber stopper, |

'HEAT




H-5e

H-5f

S of ‘the ‘flask, then rotate it

and insert it in the mouth

188° and place in a .ring
stand a8 shown in Fig M-5d.
When cold: water is poured
over it, the vapor condenses
and .forms -a partial vacuum.
causing the water to boil. .
This will continue until the .
temperature of the water has
been reduced to 45 - 50°
degrees C. DO NOT USE - A
FLAT BOTTOM FLASK AS IT is
SURE TO BREAK. .

Geyser Demonstratlon

A geyger consists of 1nter-
mittent jets of heated water

and steam.

-Natural geysers, such as 01d Falthful

at- YelloWStone National Park are

' caused by subterranean water coming

in contact with very hot "rocks, and
then generating steam in such-a rapid

way that free circulation . of the .

water is prevented.

The demonstration equipment is shown

in Fig H-5e. It requires much heat
and a large burner.

It is a rather messy experlment and
is not recommended unlegs help is
available to clean up the mess;t how-
ever, it does 'work, and students
like it. :

Thermodynamic Surfaces

The two thermodynamic sur-
faces shown in Fig H-5f will

be helpful when teaching this

part of thermodynamics. They-
are also. helpful in explain-

ing P~-V~T diagrams.
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X1 SIM>LE HARMONIC MOTION '

S-1a Mass, Sh End of a Spring
" See Experiment M-1Ye.

S-1b ‘Simple Pendulum
> See-Experiment M-14d.

Com

S-lc Foucault Pendulum

See Expemment M-19d and
19e. ;

.

Q@

S-1d Lissajous Figures ' ' ‘
. - Lissajous’ figur'e's _ LISSA_TO S ].‘“].'GU'.!.{ES1

- may be produced - T Watzack A. HiLtoN .. -
: _"hef_l_ two vibrat-| William Jewell Cllege, Liberty, Mtssaun Coa :
ing motions are at
right- angles to
each "other. The
- ) equipment im - Fig
‘ S-ld projects a
beam of  light:
through -  two
slits, --each of
which ‘is moving
at 90° with
respect _to the
other.. This mo-
. -~ tion ‘produces
Lissajous figures’
on the .¢lassroom
screen. )

About 100 years ago the Efench scientist, Lissajous attached'a -
' mirror to each of two tyning forks. These were placed at rlght angles
to each other so that a light ray directed toward one mirror would
 be reflected to the other ahd.then to a screen. When the forks were "
set into vibration the fow-familiar Lissajous figures were observed.

In order to explain these patterns which so often are demonstrated
on cathode ray oscilloscopes; four- methods using the equlpment
shown in .Flg 1 are used.

Lissajous figures
may also be pro-
duced on a cathode
ray osc¢illoscope.

d The . following -pa-
. per on Lissajous
Figures gives
other examples. | i
¢ : It -is reprinted
' from - = - SCHOOL
SCIENCE AND MA-
THEMATICS, Jan- | »
vary 1957, pp 7"_8 . F1c. 1. Apparatus for demonstrating Lissajous ﬁgﬁtes._ '
: 3 & peize winning extiibit at the 18th Annual Colloquium of College Physicxsts, State University of Towa,
o June 13-16, 1956, e ’
3 34
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First the patterns are presented on an oscxlloscope by applying a,].
60 cycle per second AC voltage across the horizontal plates of the
tube and then connecting the dutput voltage from a yariable fre-

_quency audio’oscillator to the vertical plates. A large nﬁym‘ber of dif-
ferent patterns may be obtained-in this manner. N

A second method isto attach a small penlight flashlight with a| <

focusing lens to the end of 2 compound pendulum. Arrange s6 that a{——

_small beam of light will focus on a piece of 810 inch photographic

paper located just under the pendulum. With the room completely

dark, turn on the penlight, and start the pendulum swinging above the
) photographlc paper. After some 25 to 100 oscillations, stop the pen- |,

dulum and develop the photographic paper in the usual manner.

Interestmg Lissajous patterns will be observed. The pendulum light

is shown at the lower-center of Fig 1 and some patterns obtained by
. this method are shown in the upper-center-of Fig 1.

Another method makes use of two small electric motors which are
geared to rotate at a slow speed. One motor moves a ba.ll-pomt pen
back and forth and causes it to under-go simple harmonic motion in
a straight line. The other motor moves a small two wheeled cart in
simple harmonic motion and at right angles to the motion of the pen:

* The pen then traces out Lissajous figures on a piece of paper attached
to the moving cart. The speed of each motor may be varied*by a
rheostat, thus producing various types of curves. :

One of the simplest methods of demgnstiating these patterns is to
use “curb feelers” which are intended to be attached at curb level /
to an automobile and may be purchaseat any auto store. Due to the | / ‘
fact that the frequency of vibration of these “feelers” vary at differ- |,
ent angles, the small ball at the end of the “feeler” will produce in-
terestmg Lissajous pattems when set into vibration. The young man
in the lower-right of Fig 1 is about to set such a “feeler” in motion.| |

. undergo

equlpment shown in
Experdiz’
mental resulta may
then be ,compared
YIJ. th

alues.

Ly
d Balls

Tﬁe v - spherlcal
dishes and balls '

- shown in Fig S-1g’

placed at one edge
Aof the dish and.

back and forth and
‘ . simple
harmonic motion.

/ pevm:.tted to roll

They may also be :

set. in motion- so
as . to

ellipses.
One of the dishes

S-le Turntable Oscillator

The Welch Turntable Osclllator
set produces many types of
curves in slow “motion. It
consists of two turntables and
a tape recording attachment
and is shown in Flg S-le. It
will produce elllpses, Lissa-
jous figures, and sine curves
of several frequencies.  Anj
accelerometer attachment is
also available. .

o s

S-1f SHM with a Mass and Two -

Springs

An, interest:.ng problem is to
calculate the frequency of a
mass oscillating between two
springs. It may be demon-
.strated with the air-track

Wi

FJ.g S-le T Pntable Oscillator

"Fig S-1f Slmple Harmonic Motlonr :

theoretical .

S-lg 's herical-Dish |

. ;sa

may be used t¢ -
présent  anather
démonstration on
simple - harmonic
motion.
~fhe- ball “(or
balls) may be

produce

5 .
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(Continued)

is made of clear plastic. and
may be used with the overhead
projector to project the
motions ~of the balls on the
classroom screen. . '

WAVES ' : ,
Transverse and LongltudlnaL
Waves ¢ .

(1) Have two students stretch
a long spring across the- front
of the lecture room at a height
,of about four feet. = Ask one
of the students to hit the
spring (at 90°) " with their
right hand,. at .a distance of
about one foot from the left
hand, which is holdlng one end
of .the spring. A transverse
pulse will move down the
spring and reflect. 186" ‘out
of phase from the other stu-
dent's - hand.
verse waves may also be set up

~1n the sprlng. ’ . Lo

@2) ‘A "slmky"
stretched across
roow table and

‘the lecture
longitudinal,

'waves sent down the spring.

. Standing waves may also be set

up in the "sllnky" sprlng

(3) In the’ cenﬁer of Fig S-2a|

is a Ru351an-bu1lt wave appara-
tus which is capable of produc-
ing traveling transverse and
longitudinal waves. It will
also . demonstrate
waves, both transverse.and lon-

©

& ACOUSTICS ° .

Standing trans- |

'spring' may be

standing'}

-~ gitudinal. .o

S-2b

36

The Melde Ekperiment

Apparatus for  demonstrating
standing . transverse waves is
described in the following
brief paper reprinted from the
'AMERICAN JOURNAL OF PHYSICS,
Vol 20, p 310, May 1952.

The Melde Experiment

IN the laboratory and particularly in the lecture room, °
it is sometimes desirable to have larger equlpment than
that usually available for the Melde experim

Figure 1 shows apparatus that js capable of % tting up >

-standing. waves on a rope or heayy' cord that will reach
across the lecture roont, Excﬁf;z{he motor and variable

transformer, the apparatus may be constructed fpr little

-

FiG. l Motor driven device for m:enunz ltandinz waves in.x rope

~ or no cost with matemls usually found in the labora,tory
- - or shop.

The rope is attached to a racker arm whxch js set into
oscillation by the crank and rod which are in turn attached
to the motor shaft. The speed of the motor is controlled by .
a Powerstat-type transformer. By varying the tensnoﬁj‘ns
the rope and the speed of the motor, standing wav
various length may be demonstrated. .

William Jewell College, WALLACE A, HiLTON ©

. Léberly, llmoun

»
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S-2¢ Transverse Waves e \

" The electrical-driven tuning fork shown dn
Fig S-2¢ will set up standing transverse

: waves on a string that is attached td one
.. . of the prongs of the fork. '

S-2d . Longitudinal Waves . -

Anothér demonstration of lon-
gitudinal (or compressional)
waves makes use of the appa-
ratus shown in Fig S-2d. It
consists of 18 small magnets
attached at- each end by a
string, - Like poles are all
. in the same direction, so
" that when  the magnet at one
end is given ,a small push,
¥ the energy is transmitted to
. each-of the magnets. . ‘

v

S-2e- Ggs Flames as a Detector of
_Pregsure Standing Waves

o : o o Fig S-2e - Gas Flame
This |\ device consists of a : Standing Waves
X

e

long tube with a line of very
s small ) holes bored along the
top. One end is"connectedvto .
‘a gas\| supply and the other o4
has a\ 20-watt horn. driver e me———
unit which is connected to
an audiop-oscillator and amp-
lifier. | When resonance 1is
obtained|, standing waves are
set up in the tube and are
detected \ by the change in
heights qf the various- gas
jets. It\ is a rather .dra--
matic type\of demonstration.

Y o o

" 8-2f Group and Phase Velocities

Group and phase .velocity may
_be demonstrated with the
unit show in - Fig  S«2f.
- There 1is some advantage in
‘-using it [with 'an overhead
projector

37
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. STANDING WAVE DEMONSTRATIONS
Reprinted from :
Schaol Science and Mathematics . w LACE A. HIiLTON

[

‘I‘“’e_' 1952 _ ‘ " Wzllzam Jewell College, Liberty, Missouri -
S ’ —_ When discussing the various types of standing waves in a physxcs
T S-2g Standing Wave class, it is often helpful to use various types of demonstration equip-
' ‘ Demonstrations ment. As an aid in the teaching of transverse, longitudinal, and elec-

tromagnetic waves, the apparatus shown in Flg 1 has proved helpful

- The apparatus de- | ,, William ]ewell College.

. seribed in the

paper to  the:

* - pright is located

’ in the physiecs

" leecture room; it

is useful for de-

_monstrating three

> types .of stand-

°. ing waves: - me-

chanical  trans~ }

. verse, longitud-

inal, and elec-
tromagnetic.

Also stored with
this ~ unit  is-
some 420 mHz mi-
crowave . equip-
ment. ‘

i 11

' Fie, L Apparatus for the demonstration of transverse, longltudmal and
‘ : electromagnetlc standing waves. ,

Trasverse waves are demonstrated by using a I}echanical oscil-
~ lator* attached to a small motor. Three strings are"attached to the
* oscillator with weights of 50 grams and 200 grams on the two hori-
zontal strings respecnvely. On the vertical cord a 50 gram weight is
attached after the string has been looped over a pu]ley. All three
strings are of the same length. The speed of the motor is controlled
by a variable transformer and is usually adjusted so that the 50 gram
. 'vertical string (only lower part is shown in Fig. 1) vibrates in one
. . segment, Then the 50 gram horizontal string vibrates in two seg-
‘ ments and the 200 gram horizontal string vibrates in one segment.
s 5 ~_The ratio of the frequencies of the horizontal and vertical 50° gram

stnngs may then be studied as well as the J;atxo of the wexghts ofthe . .. - ...

. two horizontdl cords.
. .  The apparatus for showing “compressional or longitudinal waves
S - has been suggested by Rogers? at the Iowa State Teachers College.
A tumbling spring® is suspended horizontally in a box made of ply-
WOod A:iaboratory mechamcal vibrator or rotator is connected to

1 Central Scnentlﬁc Company, Cau!osJ 150, Item 74565, p. 1068.

: , . #R. A. Rogers, Colloquium of College Physicists, Staté Usiversity of Tows, June 15, 1950, -
A . w,J Cunnm;hm,Amuaumm:afP»yxic':. Val. 15, PP 3852 S0
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‘ . -one end of the spring and by careful adjustment of the frequency, :
‘ AR standing compressional waves may be observed. By removing the
" small box at the other end of the coiled spring, standing waves reflect- .
ed at’a free end may be observed.

»  Electromagnetic waves are? demonstrated by usmg a very hlgh
frequency oscillator, whlch in this case is a 200-500 megacycle oscil-
lator; A Lecher-wire system, made out of iron rods about six feetin =
length is used. An ordinary fluorescent lamp is used as a detector of
the standmg waves, The distarice between points of maximum in-

- tensity is the half wavelength 4 -
S-2h Demonstration DEMONSTRATION EXP_‘ERIMENT_S IN PHYSICS
E;:p:g:ents R B ' WarLace A. Hmron'™~ -7
< y< - Williom Jewell C'allegc, Lzberty, Missouri
Reprinted Three demonstration experiments in physics that have been sug-
School Smftc s and ‘E‘m M gested by Roberds,! Christensen,® and Mackay®are of siich a nature S
March, 1951 - | that they can all be assembled as one piece of equipment that will' =~ .

take up less than a two-,fpot square of floor space as shown in Fig. 1.

[ D T ———

—-—f.-.z..},
}
+

5

The article re- - o
printed here des- S
cribes three dem- } .
onstration exper- S
imerits: (1) a g {

transverse-wave - 2
apparatus, (2)
the climbing mon-
key demonstration
(which has been
described already
in Experiment M-
8e), and (3) a
S "falling body ap~
| s - paratus" which is |
a described in Ex-

periment M-3b.

- - PR

FIG.

fall through a certain dlstance In Flg 2, the counter (C) is operated
_from the transformer (T) and reads to 1/ 120 of a second when used
on 60-cycle current. When the key (K) is closed the voltage drops
below the value necessary to operate the clock. When the spring (S) -
_ is teleased, the ball (B) begins to fall and the counter starts. It con-
- tinues untxl the circuit is broken by ‘the ball when it stnkes the
1W. M, Raberds, American Physics Toacker, Vol. 5, p. 228, :

!t *F, K. Christensen, American Jourwal of Physics, Vol. 16, p. 248249,
L ams, nuhmmm.mmmumm,w 1s.p.m
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spring (S). In our case the distance is 170 cm. and the efror is Jess = .
than 3 %,. : ) : , CR
« .- . The transverse-wave apparatus as developed by Christensen?
: . consists of an endless belt running over two pulleys, the belt in’this
s , case consisting of rubber tubing filled with sand. The lower pulley

p%

 F16.2

- is attached to an electric motor and the speed is controlled by vary-
ing the applied voltage. The other pulley is placed about 7 feet above
- the lower one. The speed of the motor is adjusted so that when the
- slack sidé'of the belt is given a quick tap just below the upper pulley,
- the wave form moves slowly down: the belt. This demonstration
proves helpful when developing the formula for the velocity of a wave
-on a stretched string4 = L
Mackay® has proposed a solution for the “climbing monkey”
problem which is used as the third experiment for this piece of equip-.
" “mnent. The prohlem involves a monkey hanging from a rope that
- passes over a frictionless pulley to a coconut that has the same mass
.- as the monkey, The problem is to determine what happens when'the
» .. “monkey starts to climb the rope. In this apparatus, a steel yo-yo~
: ’ - - represents the monkey and a tin can filled with paraffin and lead shot
‘ ' ‘ - symbolizes the coconut. Two ball-bearing pulleys approach a friction-
less pulley, and a light string is used for the rope. Part of the string is
wound around the yo-yo and the remaining part is placed over the
pulleys with the remaining mass on the other side., With both masses




4

R WAVES, SOUND, & ACOUSTICS

]

S-21 Tuning Forks - at thel same helght the system is released and both the “monkey”
Shown .in Fig S-2i | and the “coconut” fall and rise together. S
are three sets of | InFig.l, the falling body expenment is shown at the center of the - ) .

tuning forks: (1) | picture, the standing wave apparatus is to the right and front; while

This set .consists the “climbing monkey” experiment is to the rearand to the left._

‘of four ‘very high M. Y, Colby, Seund Wases and Aconstics, Henry Holt, 1938, p. 81. -

quality _ tuning b S : — — -
.forks which are - - o : : : ' Lo o
primarily  for - use-  in an e . : .
advanced laboratory to deter- Fig S-2i . Tuning Forks
mine the intensity of sound. o e

; (2) This set consists of a 125

‘Hz;"& 250 Hz, and 500 Hz, and
a 1000 Hz tuning fork. -

- (3) This set of tuning Fforks _
includes the following forks:
256 Hz, 320 Hz, 384 Hz, and
512 Hz. - : 4 o

S-2j Vortex Box

The- vortex box shqwn in Fig
S-2j is about 15 “inches square
and 4 inches deep. The back is
covered with sheet rubber from
an old inner-tube. When filled
‘with smoke, a quick hit on" the
_back will produce smoke- rings
that travel across the eclass-
room. If smoke is not avail-
able, it can be aimed at the
class, and some students will
feel. and ‘"see" the comprese
. sional wave. ‘

Also shown is aatdy “Alr Blast-
ert whrch will produce a s1mi—
lar effect¢

.

S-2k - Seismograph - _ RO U . Fig S-2k | il .
‘ T . ’ Seiswograph} ; '
Two demonstration seismographs, . | Do e e
similar to those used in indus-
try, are shown.in Fig S-2j. The
'smaller one is shown connected
to the dinput -of -a -high-gain
cathode ray oscilloscope. The :
- vibrations caused by a slight . -
. tap on the table will be shown
on the cathode ray tube.vww
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S=3° SOUND

" 8-3a Bell in a Vacuun

' Fig S-3a shows a small bell
~in a vacuum jar. When con-
‘nected to a 6~-volt battery,
it rings, As  the ‘air is
‘bumped from ‘- the jar, the
sound - from the bell grad-
ually decreases untll 1t ls“ !
- Just audlble. ,Gf

. S-3b  Savart's Wheels “11 in »a Vlcuun -

The Savart's wheel $hown in  ~— 77TV : : o

Fig S-3b is attached -to-a mo- .~ T o

tor drive. The ratio of the '~ . = ‘ L

number of teeth on the four L

wheels is: 3, ‘4, 5, and 6. )

When a piece of cardboard is
. o touched to -all four of the
oo - rotating = wheels, a major

' chord is heard. R

S-3c 'Inten31ty of -Sound

~ Thé sound "level in a room ‘may.
be measured with the General

_ Radio Sound Level méter shown
in Fig S-3c.

With the instructor speaking, -
a typical sound level might
be 65~75 decibels, with the
referénce level being’ 10-16 . o
watts/em?. The primary use - . R
of this instrumert is for de- . L '
°  termining the acoustical im~
pedance and absorption coef-
ficiénts for acoust1ca1 tile.

-
.

S-3d Manometric Capsule
(see photo on following page)'

An historic experiment is a mano-

: metric capsule and flame devised
y by "Koenig. Before .the development .

~ of the’ oscllloscope, it was 2 lab-

. oratory method for studylng sound

waves. Talking into the midrophone

. caused” the flame to vary. This:

- change could be obgerved in a ‘

I3 . - }

oL
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CERY

demonstration will help the'
student to better appreciate .

o -the use and value of a cath- Fig S-3d Manometric Flame
- ~ode ray oscilloscope. More | ‘ .

S=-3e

| S-3f

* COLLEGE PHYSICS, 1913, Mac-

~ -Shown in” Fié‘S-3e is an 3“7*
. dio oscillator and amplifier’

‘eér at thé end of a glass - -
“‘tube. .The tube contains cork .

. tube ‘and observing the fre-

' the velocity of sound in air

A 81m11ar experiment may be
‘done with a glass tube and

information may be. found in |
J. 0. Reéd and K. E. Guthey -

mlllan, pp 174-175. °

Measuring the Veloclty of
Smmd(l) ’

connected to a 20-watt driv-

dust; standing waves are ob-.
served by the movement ‘of
the cork - dust when the oS-
cillator is tuned to a reso;

nant. frequency of the tube. -
Measuring the waverlength of Fig S-3e Measuring the Velocity
'the standing waves: in the of Sound in ‘ir (1)

quency of = the oscillator, -
may . be quickly calculated

from the equation:
V:f‘l-k Coe T

a tunlng fork.;

L

'Measurlng the Velocity of -~
“Sound (2) -

"A“rather unique method for

Measuring the

'lvmeasuving the . veloecity of Y18 j HVelocity of

* JOURNAL OF PHYSICS, vol 37,
. p 229, Feb 1969. D.

by Manka. Several students

- demonstrat;on.

'sound hds been described by L - Sound in Aip 22)’

C. K..~Manka in AMERICAN

Geilker has assembled the -
equipment shown in Fig S-3f
for measuring the velocity,
using the method described.

2

have used the equipment for
an experiment, afd it could
serve as a good classroom“,
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o ritited from . A T w QQ CUTTER
'ASchtiglfSR'.ca;';ce and Mathematics . A: SII\IIPLEGLASSTUBE CUT,TER‘ ‘ _
ce ) Aph1esso. L j . Warzce A.Hmron . - .
— " . Williom Jewell College, Liberty, Missouri - .~ -,
A simple device for cutting glass tubing of diameter greater than.. . . -
.- { 4 inch is show in Fig. 1. The apparatus consists of a small wire = *
. o .| suspended between two points and looped around tlie piece of gldss
., .S-3g Simple = Glass | ' g ’ i
' ' . Tube Cutter . :
" For  demonstra- |
‘tions 'and experi~ |-
- ents such as S-3¢é o
which. involve the |
use .~ of .- “large | .
‘glass tubing, it |- g
¢ is- -often neces-
sary .to cut this .
size tubing. |
Simple - equipment .
which = will = do
the job- is des-]
~ eribed in the pa-. .
i per to the right. |, :
' A variable! a.c. :
- voltage - source -
+ - ~adjusted so as.tg |
*- _.pake the wire red |.
. . ¢. - hot ‘may be used |
% in place of the| <. 1
e " Dpattérieg shown| % - .
‘ " in the ‘article. N
S-4° RESONANCE - b L B
o L] . """ ¥k, 1. Simplé apparatus for cutting glass tubing.
S-la’ Mechanical ' . A s :
: Resonance . | to be cut. The wire is heated by an electric ciirrenf until it becomes
- S - | red-hot. A small amount of water is then poured over the wire and
‘ Four , demonstra- | glass. The g $s immediately breaks at the desired point..  * . . -
. tipn pieces for| - Batteries.may be used as the source of power to heat the wire; .
“oon iTlustrating me- | however, a more satisfactory method is to use a variable type trans.
' chanical reso~| former capable of delivering the necessary power, In the apparatus
~ nance are ' 'shown | shown, about 6 amperes of current is sufficient to heat the wire to
_in Fig S-4a (on | be red-hot. The voltage needed will depend upon the resistance of
the = following | ‘the wire used. - . - . /
, page) . They are; "= — — — — - —
(1) coupled ball-and-string pendulums (start one swinging and the ener-
gy is soon transférred to the other); (2) gyroscope and four vibrating
reeds (the gyroscope is slightly out of balance, which sets the various
reeds into vibration at their natural frequency); (3) coupled pendulum .
: oscillator (similar to No. 1; except rods and spring steel are ‘used ‘in
v © place of the string); and (4) a small Wilberforce's' pendulum. Some of

these may be used in the study of mechanics; however, they aré also
- useful in the study of sound and acoustics. ’ T

44
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.S-Hb Vibvating Sbrlngs

When a wire on a sonometgr
"is tuned to the. frequency of
.a tuning fork, resonance may
be observed by the motion of
a small piece of paper which
is folded and plaged over
‘the. wire at its center,\lf
the vibrating tuning fork is
_ placed on the bridge of: the
; ~ sonometer as shown ‘in Flg
'1" S L}b. ’ 1

S—Qc Resonance with a Laboratory
Burner

: In ‘thig - demonstratlon a long
o alumlnum tube (abput 5 -feet
in 1ength and 4 inches ‘in
diaheter) is mounted as
shown in Fig S-lc.  When a
Fisher burner is- dinserted in |
‘the loyer end of the tube,- |
resondnce‘ oceurs . ‘and a loud
tone ‘is heard. Moving the
burner causes a change in
length of the standing Waves,
- .angd thus changes the frequen-
ey of the tone. ' .

N

e
&

-
-

S-4d AcOustlca$ resonators

a

Flg S-ud shows four types of
" equipment that .may  be used.
) for ‘demongtrations of “acous=~

e "~ tical resonance. They arei<> -

4

(1) ‘The Acoustic Résonato?.J

- (2) Vlbratlng ‘Bars. - When

" onie 13 hit by a rubber ham-

mer, the other one starts ¥i-

brating.: Beats may be ob-
Jtained by ‘placing ‘a- small
welght on one and then strlk-
’ 1ng both at about : the same
-wtlme.

(3) Variable-length open and‘
closed tubegs.

L~

sy Tunlng ‘Forks with ‘reso-
~nance boxes: ~.256 Hz, 320 Hz,
D 38u Hz and 512 Hz. _

& ACOUSTICS
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.S=le

S-5

$-52

S~6

S=-ba

_moves towagii and away from

Alsp shown in Fig S-5a are .
- two Knipp singing tubes, one

.duce beats with the tone from

B

-audible to the ultrasonlc.

DOPPLER EFFECT

 sound whlcg produces, the dop-

- OF THE ROTATQR IS IMPORTANT.
KEEP THE SPEE_ Low. -

i
3

Foreed Harmonic. Motlon )
The apparatus shown in Fig S-4e is a

Macalaster~-PSSC forced harmonic oscil-

lator. The apparatus ‘may be used for
demonstrations in mechanlcal reso-
nance; relationships among frequency,

phase, and amplltude' damping effects,‘

ete.

BEATS

Demonstrations of Beats _ .

~ Two tunlng forks are shown in Flg

S-5a. The difference in frequency of
the two forks is about l Hz; thus
when both are v1brat1ng, beags are
éasily heard.

of which may be tuned to.pro-
the other tube. .

On the right in Fig°$-5a is
an -adjustable piteh Galton
whistle which.ranges from the

Doppler Sound

The apparatug shown. in “Fig
S-6a when “Potated at a o.ra-
ther slow speed. emits a -
pler effect as the source

the listengr. CAREFUL AD=

JUSTMENT OF THE ANGULAR SPEED

t

WAVES, SOUND, & ACOUSTICS

a




S-7

S~Ta . Musical Sounds

" S=T7b

S~%e

Organ Pipe and Mode% of Wave

is shown in Fig S-Tb. The
' piteh of the ‘sound may be

a longitudinal wave is also

-.octave.  Some students can-
‘play a tune with them.

’

. WAVES, SOUND, & ACOUSTICS

MUSICAL ACOUSTICS

The Physies Department has the fol-
lowing record albums which may be
played on. the turntable which is
part of the equipment shown ln Fig
S-Ta: .

1. The Science of Sound (33 rpm)
Bell Telephone Laboratories
2. +Energy and Motion (33 rpm)
. . Zaret and Singer
3. Experiment Songs (33 rpm)
Dorothy Collins -
4. Space Songs (33 rpm)
Tom Glazer and Dottie Evans
5. Physics’ Songs (78 rpm) - 0
State University of Iowa

An oscilloscope - shows the wave
forms of thé musical sounds.

A flip of a switch puts a mi-
crophone on the input of the
amplifier. Then spéech signals’
may be observed’ on the oscil-
loscope. .

An audio oscillator may be
connected into the input of
the, amplifier and signals
from 20 Hz to 17,000 Hz may
be seen on the oscilloscope
and®fieard by the students, if ’
in the range of their hearing.

(1) An organ pipe which may
be' connected to the air out-
let on the_ lecture room desk

changed by moving the plunger
up or down the tube.

(2) A demonstration model of

Flg S—7c "Stickl"
presented in Fig S-7b. , g

Sticks, Xylophone, and a Glass
Tumblev N

(1) ‘Sticks when dropped on a
table:gzve tones c¢overing one




£ - .
£ \ :

s27¢  (Continued)
+(2) A toy xylophone. -

. (3) A& glass tumbler. Put a
finger in a little vinegar and
then rub on the top edge of the
tumbler. A rather high fre-
quency sound will be heard.

S—7d Chladnl's Sand Flgures

Chladni's sand figures may be‘
obtained with the. apparatus
shown in Fig S8-7d. Mount one
of the platés on the holder at
. the right in the photograph.
" Then move the boWw along the
edge and the figures will ap-
pear. ‘Sand must bec scattered

on the plate.

-

S<Te Acousthal Tlles

pédance and absorptlon coeffrb
o cients of acoustical materials, 7
it may be helpful to show the
class some of the various types §
of .acoustical tile. See Fig §
S-T¢e. T

VR

ELECTRICITY
E—l, STATIC ELECTRICITY

%71a The Electroscope

Flg E-la shows four dlfferent
types of electroscopes and sev-
eral materials for, producing + JE8
and - charges. s

E-1lb , The Electrophorus and Acces—
sories

i
S
N
{

Other items. for static electri-
city demonstrations are “shown
in Fig E-1b and include: (1) an’]
electrophorus, (2 conducting
sphere, (3) ellipspidal eonduc-
tor, (4) hollow cylinder con-
ductor, and (5) a Leyden jar.’

A

(28
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E-lc #lectrostatic Attaéhments_

E-1f The Leybold Electroscope

: - ~ ELECTRICITY

Other items for demonstratlng
static. electricity are shown
in Fig E-lc. They are: (1)
- lightning demonstration appa-
‘ratus, (2) metal’conductor and
pith balls, (3) bar-form elec~
troscope, (4) induction
spheres, and (5) Volta's hail-
storm and smoke condensor. .

E-ld Pauco Electrostatics Demon-
stratlon Equipment

The.Pasco electrostatics dem-
onstration equipment consists
of  an electrometer,  two
, charge producers, two proof
planes, Faraday ice pail, var- ;
iable capacitor, two large
spheres on stands, tapered cy-
linder on plate, field plotter
and D.C. power supply. These .
are shown in Fig E-1d. A com-.
plete set of instructions for
this equipment is available.

E-le Pasco Projectién Meter

In order for the entire class
to see the electrometer read-
ing, a projection meter for
use with an overh®ead projector
is availdhle. A photograph of
the image 'of the meter on the
classroom screén is shown in
. Fig E-le. o

This electroscope’'is very use-
ful for small classes. In Fig
. E-1f, it is 'shown with the
@  Pasco conducting spheres. .

It has a variety of .uses in
the teachlng of - electrostat—
e lL'S' .

.

-

e ) ~

i




E—lg

Y

E-lh Faraday Ice Pail

«

E-~1li

E-1j

E-1k

- of electrons through the neon glow

50

‘Leybold electroscope is being

ic demonstratlons. It is

'The large Holtz machine -will |

demonstration. It was qb-

ELECTRICITY

Charging hy Induetlon

In Fig E-lg, a charged sphere
is brought near to another
“(uncharged) there which is
connected “£o" the electro-
scope by a wire. The electro-
scaope and sphere are said to
be charged by 1nduction.

In thls demonstration the

used as the detector in the
Faraday ice pail experiment.

Wimshurst Machine -

A small Wimshurst machine
may be used for electrostat-

shown in Fig E-li

. .

Large Holtz Machine -

easily produce a 10-inch’
spark and is a very dramatic B

tained about 1915 from a hos-

pital in Excelsior Springs iv
and has been used in the
physics lecture room - since [
that time. It is a working "

“historical machine  and  is j§ .

described in: S. H. Monell,
MANUAL OF- STATIC ELECTRICITY
IN X-RAYS AND THERAPEUTIC
USES, 1897, Wm Beverley
Harison. ‘

Detector of Negative charge

The apparatus shown in Fig E-1K con-
sists of a triode vacuum tube with a
neon glow tube in its plate circuit.
A heavy wire above the chassis, is
connected through the chassis to the
grid of the tube. In operation, the
neon tube glows until a negatively
charged rod is brought c¢close to the
grid, at which time the grid becomes
fiegatively charged and stops the flow

tube.’

: .
jv‘(, -




- ELECTRICITY

o

ELGW OF CHARGE: CURRENT
 E-2a Ppojection Meters

~When giving many demonstra-

"fjons on electricity, it is

. /désirable ‘to have large met-

l»//ers so that all members of the

, class may see. Projection

" meters that may be uséd, with

the overhead projector are

very helpful. Shown 1in - Fig
E-2a -are two projection met-

ers, one of which is a galvan<- ’ . .

ometer; the other may be used ' , , o e

as a D.C. ammeter or.A.C. am- ° '

. meter. Resistors: and shunts
' are available so that the met-

: : ers may be used at several

ranges of voltage and current.’

THE METER SHOULD BE ‘SECURELY
ATTACHED TO THE OVERHEAD PRO~
JECTOR FOR- THE SAFETY OF THE

METER. '

E-2b - Series-Parallel Circuits and
Kirchoff's Laws

Fig E-2b shows a demonstration
board for teaching seriés-par-
allel circuits and Kircéhoff's
- laws. A mimeographed sheet is
given to each student for re-
cording data, most of which is
taken -from meter ¥ readings on
* .the classroom screen. .
E-2¢, Drop in Voltage Across Re-
sistors

-

The IR drop across resistors

- Is demonstrated with the e-
quipment shown in Fig E-2c. It
consists of four 300-watt lamp §
bulbs with wire resistors be- |
tween each bulb. -The IR drop

. is indicated 'by the voltage
K reading across each bulb as
projected on the screen from

- the projection voltmeter.
Typical voltages are 120 V AC, |
100 V AC, 80 V AC and 60 V AC
across the four bulbs. L




ELECTRICITY

E-2d Other Deménstration_Meters‘
For small classes the demon-

- stration meters shown in Fig
E-2d may be adequate.:

(1) Weleh multimeter
(2) Leybold multimeter
(3) Welch galvanometer .

E-3 ELECTRICAL CIRCUITS
E-3a Series-Parallel Circuits

. Fig E-3a
- Series~Parallel
Ci:cuits

Two pieces of equipment are
shown in Fig E-3a. :

- (1) This- a series-parallel
circuit with three light bulbs s §
and - six switches. ' There are . ¢ :

" 14 ways that the circuit may ) -

~ be connected.

2) The game of NIM and binary
notation are related to this
unit, which consists of 4 10-
position switches - and = 16
lights. A descriptien of its
use is given in POPULAR ELEC-
TRONICS, Vol 8, January 1958
pp 37 - 41 68 - 69.

‘E~3b Wheatstone Bridge

A  demonstration Wheatstone
bridge is shown in Fig E-~3b.
Several plug-in resistors are
.provided, four of ‘which are
shown ‘at the. bottom of the‘
photograph.

' E-3c Potential Divider

& 6-volt battery is eonnected
acrass the potential divider
shown in Flg E~-3c. A projec= L
tion meter is connected to the. W&

slide terminal and one end of
the divider.  As the slide is
moved the meter reads from 0
“to 6 volts.

A more accurate potentioweter '
is also shown in Fig E-3c.
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~ E-3d

e

. ELECTRICITY

| Fig E-3d Three-Way Switch

Three-Way Switeh

Some beginnlng students are

interested in the circuit for

a three-way switch. Fig E-3d:

shows a schematic diagram, be-
low which is a demonstration
board with a light bulb and

-~ twe sw1tches. .

-

People

Three young men and - their
brides wish to cross a river, .
Only two people can ride in
the only available boat. None
of the boys will permit his
wife to be on the other side

Cof the river unless he, the

E-3f

E-3g

husband, ‘is also there.  How
do they get across in the one
boat? ]

The apparatus shown in Fig E-
3e is an electrical device for
solving the problem. It con-
sists of six double-pole-dou-~
ble-throw switches. Each
switch represents a person.

The electrical circuit '4s
described by Harvey Pollack
in POPULAR ELECTRONICS, Vol
3, November 1955, pp 52-54.

Most students are interested

.in playing the game. Some will.

be interested in the circuit.

Sun Batteries

Two small sun batteries are
shown in Fig E-3f. . Each is
connected to a meter and may
be used as a classroom dem~
onstratlon.

Lline Loss in Power Transmis-

sion

The apparatus shown in Fig E-

3g may be used to demonstrate
line loss in power transmis-
sion. See article by T.. d.

Bllsard and Bo A. Gr’eenbaum,.

AMERICAN JOURNAL OF PHYSICS,

One Boat; a ‘River and Six




E-la

E-Ub

wCAPACITANCE‘

Several types of capacitors are’

"'Welch design, which is ‘mount~"

" leaves of the electroscope on

.tor from the bottom plate)

ELECTRICITY

Capacitors. v "

<«

shown in Fig E-la, . They |
include Leyden jars, parallel-
plate, ¢ylindrical, electrolyt-
ic, and ceramic capacitorg.

Equation: Q =CVorVa é

A capacitor attachment- for an
electroscope is shown in Fig
E- 4b. On the left in the
photograph is the Leybold de-
sign and on the rlght is the

ed with an optical system for
projecting an image of the

the classroom screen.- . By
charging the top.plate {(which
is separated by a non-conduc-

ahd- then touching (grounding)
the bottom plate, causing it

to take on an equal and oppo- | Capacmnce g_nd Voltage Relationships*
site charge, a ¢harged capa- ’ , " WaiLsde A. Hivron '
citor exist_'s , and there is © William Jewell Collegs, Liberty, Missouri

-no - charge- on the -electro~ IN the general physlcs course, O=CV'isa fam:har equa- §
scope. Then by lifting the tion, Apparatus to démonstrate this relationship of

capacitance and voltage is shown in Fig. 1. A small power = -

upper plate, the capacitance supply provides a potential difference of about 400 volts

:!.s decreased and the voltage across 2 parallel-plate ‘capacitor.! Immediately after the

increases, as indicated by |- power supply is disconnected, the plates are separated,

separation of the leaves of As the capacitance decreases, the voltage across the plates

the electroscope. This is a |- = increases. In this case the increase is usually up to as much

simple check on’ the f'or‘mula : " as 1200 volts, and will vary depending upon the time con-

' V = Q/C. stant of the circuit and elapsed time between the discon-
necting of the power supply and the separatlon of the-
plates.

E-lc

~ The moisture content of the au- seems to have some effect
upon the resistance of the dielectric. A sheet of exposed
x-ray film has proved satisfactoty for the dielectric and

" does not seem to be affected by high relative humxdlty as
much as some others that were used.

Ca acita ce and oltage
P a ® V» '8 "All of the switching is controlled by a motor, which

Relatlons‘hlps when operated . continuously repeats the cycle each 12
A slightly more complex demon-.. seconds. Small pilot lamps are used to indicate (1) when
stration of the experiment dis- the power supply is connected across the plates, (2) ‘when

the power supply is disconnected, and (3) when the plates,
begm to separate. The voltage across the plates is read on’
a Heath? vacuum-tube voltmeter with hxgh voltage probe.

cussed in Experiment E-4b is de-
scéribed in the brlef paper which
is reprinted from ‘the ‘AMERICAN

»x
JOURNAL OF PHYSICS, Vol 22, p. smé‘ %}‘g:g%‘;‘gg%%&:f}&%ﬁiﬂ:ﬁ%‘%‘%‘;‘;‘“x‘E;’;tf Physlcistss
. ' ent entific m
146 1 March 19511 . L . *Heath Company, Moodggls-,ﬁ V:wgfrt Tube V:lltmeter .

-
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citor; a Capacitance-Resistance = .
050111ator .

* Shown in Flg E-le is an 800 vDC
" power supply which is connected
= - | through a neon glow lamp to a
' 16 mfd “capacitor. - When the
switech is .closed, one side of
~ the glow lamp lightsufitil the
- capacitor is charged. Throwing
Ty o Jthe switch discharges the capa-'

’ ‘hltor, and the other side of - -
the lamp glows. The sehgmatlc
diagram is below and the appa~
ratus is labeled (1) in the .
photograph.-

(2) In the 080111ator the 800
VDC pOWer .Supply is connected
to a 8 mfd’ capacitor.. The c¢apa-
citor then discharges through a. -
6 meg-ohm resistor to a 0.25
mfd capacitor, which in turn

" discharges - through - a small

'»”Efuci cqntinqed.v R . E—He Charge and Dlseharge of a Capa-

qt Fig. 1. The apparatus is standlng on a table. The mpncxtnr occupies
a central position between the two supports, The upper plate of the
capacitor is raised and lowered by a small wire attached over abolt
that protrudes from therim of a rotatln;]; wheel, A schematic diagram
is attached to the q‘ovrer supply which is located on the upper right
side of the stand. The vacuum-tube voltmeter and the high-voltage
probe are supported on the upper left side of the stand. The panel lights
which indicate the various switching arrangements are shown in the

upper, center. ) . 9

E-4d Capacitance and Voltage

The apparatus shown in Fig E-Ud
demonstrates the same princi-
ples as the equipment used in
the two previous experiments.
Showrr is a variable parallel- -
plate capacitor by Pasco and a-
o 7 Leybold electroscope., It makes
good demonstratlon for small
classes¢ v

¢

) S 800 vDC
(a) 1 Power Supply

R’;‘E_meg-ohm

> ) B

¥?




. E-lie,  continued

. E-4f

- "I'fl:xis‘ﬁmallg pie;:e of
. equipment - wvas con-

E-lg

glow
. repeats itself sev-
. eral times each mi~
. the
"of the ciredit. See

. of the ecircuit is

is, still im ‘opera-

lamp. This

nute depending upon
time constant

Fig E-le
schematic

(2). The
diagram

labelled (b).

See V. Wouk, AMERI-
CEN JOURNAL OF PHY-
SICS, Vol 13, -pp
415-17, Dec. 1lous.

. A Flashing Neon

‘Light :

A similar defihi-

stration to thetme S

o

© ELECTRICITY

"~ A

WesLEY E. MooRE® AND WaArLLACE A. HILTON
" Williom Jewell College, Liberty, Missouri = -

An interesting demonstration for the physics class,.which will also
attract the attention of ‘the non-science student, is a flashing neon -
light which may ke placed in the physics demonstration case and con-
tinue to operate for 1} to 2 years. C L
. The apparatus is arranged as in Fig. 1 where (L) is a Type NE-2
GE neon glow lamp, (C) is a .05 mfd capacitor, (R) is a resistor of
about 60,000,000 .ohms, and (B) consists of four 30 volt-hearing aid

a

equipment.

|

. just described -is}

the| v
reprinted| -

from SCHOOL|

SCIENCE “AND MATHE=~ .} :
MATICS, " June 1951,1

- p 485-86.n S

contained in

paper
here

structed .in 1949 by
Wesley E. Moore and

«tion as‘a ‘Corridor

Demonstration. Bat-}

teries Have been
replaced every 2-3
years.

0

o

S . B JEE :
__Fic. 1, Flashing neon light, o

seima’

When operating, the battery (B) charges the capacitor. (C) through
 the resistance (R) until the potential across the capacitor is about 90
volts. This is the voltage necessary to cause the neon lamp to glow.
’ When this potential is reached, the capacitor partially discharges
through. the lamp. This process is repeated several times per minute.

case or’March 28, 1949. At that time the bulb flashed 31 times per
minute. Two years later, March 28, 1951, it was still flashing, but
only 4 times per minute. : : ' ‘

creasing the resistance decreases the frequency . of. the flashes, and

s

Also as the EMF of (B) is incréased above 90 volts; the frequency ofv

the flasHes increases. o

1 Now st Vanderbilt University. T

ki 2

) Ay . P

e a? o

Capacitarice Operated Relay -~ : o T
'y . .

Tue Capacz,itance«OpeFated Relay “shown in Fig EJ&g was asseuiﬁled ‘by Wélt'ef-_. E

Grayum in 1953 from

-

-information given in the following articles: RADIO

.. asquare piece of aluminum serves as one plate of a capacitor. A per-

56

°

A FLASHING NEON LIGHT . .

¢
C i
e T =
.

T

At Williain Jewell College this apparatus was set up in a display -

In constructing this equipment, it.should be rémembered that in~

that an increase in (C) provides a brighter light at lower frequency. -

NEWS, Feb. 1947, p 50; RADIO AND TV NEWS, ‘Dec. 1952, p 50. In operdtion '

Al

batteries connected in series. This makes for a’very compact piece of
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.E-5a Bring a plece of paper and a

‘.., ELECTRICITY _

-

E-hg (Continued)

. .son's "hand serves ‘as  the

- other plate. Moving the hand
“toward or away from-the alu-,
“«y minum plate changes the capa-

citance " of the electronic,"

.circuit in such a way that a
relay closes a switch which
turns on a 11ght or rings a
bell. :

E~5 ELECTRIC FIELDS AND POTENTIAL

-cat's fur to class, Place
thé piece of paper -ofi bhe
chalkboard and rub it -hard.
and fast with the cat's fur.
Then . announce - to the -class .

~that. . you . want.. -them.. 40, - Know -
that voltage is doxng work:

° on charge. = T

! : = W/q.

E-5b Van de Graaff Machine o

See Experiment A-17b -

E-Sc Holtz Machine
~%. See Experlments E-1i & E- 13

E-6 MAGNETISM o,

E-6a 'The Magnetlc Compass e

Two magnetic compasses’' are
shown in Fig E- 6a. e

(1) ' One has a~thermocouple
loop around it. When the

thermocouple is heated a mag-

netic field is produced which

affects the magnetic field of

“the compass. The compass is

 placed on a tall stand so as
to be partially removed from
-the' field due ta the. metal
table. -

(2) .A high permeability, low
retentivity and low satura-
tion alloy rod is held near a
magnetic compass. This per-
malloy rod has the very in-

‘teresting property of chang~

~ - ing its polarity when rétated
- 180° in the earth's magnetlc
field. _ "
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TN ELECTRICITY .

_ E-6b Magnetic Dip Needles

 Two' magnetic -dip needles are
shown in Fig E-6b. The mag-
netic apgle of ﬂlp ‘at leer~
= ty, MO is about 70°., .
E-6c Magnets (1) o
"Fig E-6c presents - several
types _of magnets - for demon-
,stratlon purposes. They are:
(1) Electro-magnets -
, .(2) Magnetic rubber
) (3) Circular magnets
" (4) ? Alnico magnets
(5) Magnetic compass for use
2 on. ;n overhead progector.

E-6d Magnets (2)

Fig E-6d shows " four very
strong alnico magnets and a
kit of materials for perform- -
1ng several experimental dem-
onstratlons. A booklet _of"
instructions is included W1th—
the kit. .

E~7  CURRENT CARRYING CONDUCTORS

' E-7a Joseph Henry's Experiment

-8 Joseph Henry, first Americah
physicist, demonstrated- that
a rectangular 1ldop of “wire
would set. itself perpendic-
ular to’' a ‘magnetic field.
Fig E-7a shows a working mod-
el ,of Henry's 'experiment.
(See: " C. L. Andrews, Joseph
Henry, THE PHYSICS TEACHER,
Vol 3, pp 13-17, January

) 19650 ) : g .

E-7b . Oersted's Experiment (1) -

TWwo pieces of equipment re:
lated to Oersted's discovery
of the magnetic field about a .
current-caprylng wire are
shown in Fig E=7b. -

L 1) In the first, a flexlble
'~ wire is above a smdll magnet.
When cunnent passes through

-

4

-
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ELECTRICITY .

s - } S, v o .
the wive, the wire moves. ‘Re~ ’
verse the cyrrent and - the
ire moves in - the opposite,

- ‘direction.

(2) 1In the'seeoné, the mag-‘k
“netie field about’ a current-
earrying. wire- causes a de=-.
flection of a magnetic com-

" pass above or. below the wire.

'(Welch)‘ _ : .

3}

* E-Te Oersted's Experiment (2)

Another - way to present Oer-
sted's discovery is to use.
the items shown in Fig E-Te¢
with an oyerhead projectaor.
The items jinclude two loops:
of wire, a straight piece of
wire, magnetic compasses and
batteries. These items were
developed as an aid 'in teach-
ing this materlal from the
PS3C text. :

E-7d Using Light Bulbs

Three light bulbs are shown in
o "E-Td.
(1) This is a bulb containing a- small
. magnet near - 'the single filament, which:
- °  vibrates due to the AC current in the
in the magnetic field. - :

°

. ~ -(2) - Two carbon filament lamps are -
shown. One is° connected to 110 VAC and
the other to 110 VDC. A lens is-used fo

& ..« project images of the filaments on the

' - .. screen. When a magnet is brought near

B ( ' the AC lamp, the filament - vibrates.

e 7 When' it is brought near the DC filament
T it moves in ong direction only. This
: 1s easily obseryed onothe screen. .

E-'Zﬁe Faraday's. Motom} ‘ ¥

 Fig E-Te shows a model of the first’

s electric motor developed by Michael Faraday. A 6-~12 VDC source is re-
- \quired. The magnetic fields of the solenoid and the wire interact so that -

* ~ the wire moves in a circle. The lower end of the wire is in contact
- 7 with a clrcular pool of mercury. This is anvhistorle demonstration.

[
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e EaTf Elcetrlc ‘Motor _ .
' }m”f% S\ demonstration electrmc motor

is* shown in Fig E-T7f. A source.
. . ~of 10- .18 volts is requlr.d for‘
o its operatlon. :

. e . The 1tem nay also be ope ated
' ’ Q:ﬁk a DC or AC genevabor.

- E-Tg .. Barlow s Motor and a Magne 30
" Pum% . 4 \
o (1) A Barlow's motor is showp
i % in Fig E-Tg. It requires 2 6*
volt DC source, - v

?ia - ig (2) A labonagpry-constructed l
_ RS ~  magnetic pump.is shown in Fig
. kot E~7Tg. “A" circular dishj half

¢ fllled with a. condueting solu-

‘ «i such as’ “eopper sulphate
% ., ! is-‘placed between the poles of
" : ©a magnet. Wires from'a 6 VDC.

. battery touch the liquid at

. the center of the dish and at

oo , the edge of the dish. The

toe switch is closed and the li-
quid flows in a circle.

E-8 INDUCED CURRENTS =
E-Sa Induced Current in a C011

A circular ‘coil of many turhu
- (shown in Fig E-8a#) is held
by a student (Fig E-Sab).
The wires from the ‘coil are
connected to a galvanometer on
_ an’ overhead projector. The im~
_— age of the méter's sqale is
" focused on the classroom secreen.
When the stqdent rotates the Gegil
through. 180°;, a deflection of the
gélyanomemeter is  observed. (Fig
E-8ac). ' ‘

If a magnet is thrust ﬁhrough the coil
a much larger deflection is observed.

Other facets .of the demonstration may
include: rotating the coil in the op-
posite direction, moving the magnet 1n,
different directions, etc.

a

v
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E-8b Generétors o a

[

g

(1) The model of a.single-
turn coil shown in 'Fig E-8b
is very nhelpful €o use with
a chalkboard drawing ‘when
discugsing the theory of a
simple generator.
(2) This is a simple dem-~
_onstration model of a ‘gen-
erator and is similar to the
one shown in Fig E-7f. It
. may also be used as a Motor.
- kY - v
_ -(3) This is an AC, generator
o which will light a small 110
v VAC bylb. This type of ‘gen-
grator was a part of tele-
phones made before 1925. .

E-8c Generator and Motor Prih-
.ciples . ) -

This little device includes

two magnets and two coils.,

When one coil moves over a

magnet, the current gener-

ated causes the other coil

to move in its~bmagnetic
- field. '

A battery may be connected
through a key,. , When the
. . key is closed,’/the motor
. - effect is obsgrved. (1)

. Permanent magnets uséd with. \f

v . this equipment often become .
weak.” To re-magnetize them

. the Welch apparatus Shown in

~ this Fig may be used. (2) *

-

E-8d Eddy Currents (1) '

Fig E-8d Eddy Currents

.

Eddy currépts in-a moving »
disk rmay be demonstrated
with the apparatus shown in

y Fig E-8d. A ecircular copper

“ o disk rotates rapidly under a

' magnetic compass. The- énds
of the compass needle rotate
in the same directiomn d% the-
gisk. o

i)
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Eddy Cufrents (2)

The sw1ng1ng piece of" copper shown
in Fig E-8e comes to a quick-step
when it approaches the magnetic
‘field near the poles of the magnet;

- howéver, when the ‘magnetic.field is

reduced to "Zero, the metal sSwings
freely. This magnetic braking effect

“is due to Eddy currents which are

induced 'in the copper plate.

@

MAGNETIC INDUCTION *

Parallel Conductors

3

- When der1v1ng the equatlon for the
 force between two parallel current-
carrying wires, it may be helpful to
the student to see a demonstrdtion
‘of this force with the equipment
shown in Fig E=9b., A 6-volt D.C.
source capable of delivering -15 am-
peres is requlred.

Long Solenoid - . T

When discussing the’ theory and ap-

'pllcatlons of a long solenoid, one

may point out an application, such
ag an experiment to measure the ra-
tic of charge to mass of an elec-
tron. The solenoid for this experi-
ment is shown in F%guE-Qb (p. 63).

Helmholtz Coils

One of the many uses for Helmholtz
coils is shéwn in Fig E-Qc. A large
uniform magnetic field is needed for
the special tube” uged for determin-
ing the mass of the electron.

ELECTRICITY

-Fig E=9a
Parallel
Conductbrs

f—
o
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E-10 MAGNETIC-PROPERTIES OF MATTER

E-10a Curie Temperature

The Curie temperature for iron
is 770°C and is the point at
which it loses its ferromag-
netic properties. Two demon-
‘strations  are shown in Fig
E-10a. ’

(1) A small nickel wire is
attached to a string and is
attracted toward a magnet.
Heating the nickel to its
Curie temperature causes it to
lose its ferromagnetic proper-
ties and it falls away from
the magnet. ’

(2) A cireuXar piece of soft
iron is pivoted near the poles
of a magnet. Heat from.a lab-
ratory burner is applied to
~one edge of the circular disk.
When the . temperature of the
‘edge of the disk reaches the
Curie point (770°C), it loses M
its magnetic properties, and
the disk begins to turn very
slowly.

E-10b Diamagnetic Materials

Diamagnetism was discovered by
Michael Faraday in 1846 when
he observed that bismuth was
repelled in a strong magnetic
field. With the magnet shown
in Fig E-10b, a small piece of
bismuth is attached to a light
string and hung between the
pole pieces of the magnet. A
light source and a lens make
possible its projection on the
classroom screen as shown in
Fig E-10bb. By turning up the
voltage on the magnet's power
supply, the entire class can
observe the bismuth being re-
‘ pelled in the magnetic field.

o,
3
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v E=10c

" a reversing switch to a DBC

. proach each other but do not

‘be repeated ~ several times,

E-11
E-l1a

E-11b

64

ter of a coil of about 100

‘the coil is gradually in-

. first come togethier, and then
' separate. As you ‘decrease tke

e ELECTRICITY . o

Hysteresis Loop

Strlng,{§upport two 1ron bars -
which are located at the cen-

turns of No. 14 copper wire. |
The coil is connected through

power supply which is con-
trolled by a varible voltage
transformer. With the switch
closed, the current through

creased to about 15 amperes,
during which time the iron
bars become magnetized and
slowly spread apart. The cur-
rent is gradually decreased
to zero and the two bars ap-

touch, staying about 1/2 inch
apart. Now throw the revers-
ing switch.and gradually in-
crease the current. The bars

curggnt to zero, the bars
again approach ch other but-
do nof. touch.A The cycle may

and -the phenomenon observed
and compared to a hysteresis
loop.

Barkhaﬁahp Effect

. -

The Barkhausen effect is the sudden flipping of .the domains .in a ferro-

.magnetic material and was discovered by H. Barkhausen in 1919. "~ The ap-

paratus is shown in Fig E-10d. A piecde of soft iron is inserted in a
coil of wire which is connected to the input of an -audio amplifier and
speaker. When a magnet is moved quickly along the soft iron, the flip-
ping of the domains induces an emf in the coil ‘and a loud rushing noise
is heard from the speaker. Moving the magnet slowly produces clicks.
(Reference: . John W. Hilton, Independent Study and Research Papers,
William Jewell College Physics Department, Vol. 5, pp 222-26, 1965-66)

«TRRNSFORMERS
The Induction Coil

s

-

‘'The induction coil in Fig E-lla makes a good demonstratlon -when the

t&\gry of this type of transformer is presented.

Climbing Spark i

The traﬁsformer shown in Fig E-11b will deliver 15‘milliamperes at
15,000 volts and is VERY DANGEROUS. It is mounted about 7 feet above

74
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floor level in the lecture
room and the switeh should be
locked except when. being used
as' a demonstration for the
"Climbing Spark." The spark
starts at a 3/8-inch gap at
the lower end and climbs to
the top by ionization of the
air above it due to the heat
from the spark.

Transformerg

Fig E-llc shows three trans-
formers that may be used for
demonstrations in the c¢lass-
room. ’ .
N ~ 14 'Pf‘\‘:»jv;ib @

Thompson Type Apparatus

The Cenco, Elihu Thompson type'

. electromagnetism apparatus is

E-lle

EN

shown in Fig E-1ld. The equip-
ment makes possible several
worthwhile demonstrations, in-

cluding the Jjumping ring, the:

dancing coil, submerged lamp,
rotating disk, spinning ball,
heating copper or aluminum by

induetion, etc.~

induction, boiling Ei;er by -

The Tesla C01l

AR .

Two Tesla eoils are shown.

(1) The one on the left in Eig:

E-lle was aSsembled by Charles

Don Geilker in 1951, and was

based on anh article in POPULAR

SCIENCE MONTHLY, Jan. 1946, pp

191-194. ¥
(2) The other was assewbled by
John W. Hilton in 1964 and was

‘based on ‘an article in the -
June 1964, POPULAR SCIENCE, pp

169-73._' .

]

An lnterestlng artlcle on Ni~
kola Tesla, by Haraden Pratt,.

appeared, in the PROCEEDINGS OF
THE IRE, Vol 44, pp 1106-08,
1956.', .

Many interesting demonstra-’
tions may be performed with’
this equipment. Instructions

appear "in the artlcles 1lsted
above.

. The &kimbing Spa:

ol
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E-12. INDUCTANCE

E~l2a Inductive Coils

Inductance is associated with a §
ceil -of wire. Several types of |-
inductors are shown in Fig E-
123 .

E-lab Back E.M.F.

Back E.MiF: is associated with
the equation: E = -L di/dt. Jo=
seph Henry observed that when a
switeh is closed in an induct- | ' ‘
ive circuit, no spark is observw ! C.D.Geilker
ed; when the circuit is broken g
by opening the - switeh a BIG
SPARK is evidént. .o

In Fig E-12b "a switch is shown
which connects a 110 VDC, power
supply to. the two large induct-'
ive coils shown. There is no
spark when the switeh is’ closed.
When the switch is opened a hot.

. one-inch spark is observed. This
is due to the back E.M.F. and is

‘ a demonstration of the formula:
= «L, di/dt. The gnergy of t'.he'_

: inductor is given by: .

W= 1/2 LI,

9
E~1l2c¢ Time Constant

'The time constant of an induct-
ive. eirecuit is given by the e~
e quation: t = L/R, where L is
the self inductance of the coil
and R is the resistance of the
coils To demonstrate the time
constant, connect one. or more
light bulbs in series w1th the
induetor. This is demonstrated
with' the equipment shown 'in Fig
E-~-12c. When the switch is thrown
there is a noticeable time lag [
before” the lights come to full:
brightness. .

E-12d Self Inducthn

The apparatus to the left of the
power supply in Fig E-12d is
"shown in the schematic diagram
on’ the next page. - When' the
switech is closed, ‘the neon light
glows on one sider and then gues




-E=-12d, continued

-

out. When the switch is opened
the other side of” the glow lamp
flashes and then goes ‘out. This
is due to the back E.M.F. in thé
inductance when the switch is
closed, which causes the current

- to build up slowly in the induc-

E-13

E-13a

tor. When the circuit is opened,
the decreasing -magnetic field
induces a back E.M.F. which fur-
nishes. sufficient current to
light the other half of the glow
lamp .

ALTERNATING CURRENT

Demonstratlon of Alternatlng
Current

A 2-watt neon glow lamp is ro-
tated in a circle with a hand
rotator as shown in Fig E-13a.
Since the lamp is connected- to
110 VAC, 60 Hz, only one side.of
the lamp is-on during each 1/120
second period. When the lamp is

rotated at sufficient angular

speed, this is apparent to the

- eye, since the light from the

neon glow lamp will appear, simi-
lar to the diagram below it.

-

a

E~13b Parallel Resonance

The apparatus shown in Fig E-13b
may be used to demonstrate par-
allel resonance.

S

7

© 110 VDC

kel

E-12d

E413a>

67
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E-13¢ Series Resonance (1)

A resistor, an inductor, and a
. capacitor are connected in
' : series as shown in Fig -E-=13c.
A schematic diagram of the |
circuit appears below.

onance (1)

R L c

E-13d Series Resonance (2)

) Another piece of apparatus for
' demonstrating series resonance
is shown in Fig E-13d. Shorting
- : .out the capacitor will make a
circuit that is sometimes used
as a light dimmer.

a

E-13e Resonance Experiment *

The brief paper below is reprinted from the AMERICAN JOURNAL OF PHY-
SICS, Vol 36, January 1968. It makes a good demonstration or labora-
tory experiment. . L ’
~ «Resonanc i Ks ’ e ’ ;

o “ nce Experiment ' " output of an audio oscillator. A 0.1 pF capacitor

o INEXPENSIVE equipment for demonstrating is placed across coil 2 which is connected to the

electrical resonance may be constructed by - input of a cathode-ray oscilloscope. :
winding about 100 turns of No. 16 copper in- The coupling between the two coils is adjusted

so that the signal from the LC circuit may be ob-
served on the oscilloscope. By varying the fre-
quency of the oscillator, electrical resonance is
obtained when magimum signal is observe%l:n
the oscilloscope. Several different capacitors miry-

be used to find the resonant frequency as read
on the oscillator scale. Then, by using the for<
mula: § = 2x(LC)~%,"and solving for L, the
approximate inductance of the coil' may be cir-

S  cilosoorn, oeallats culated. Figure 2 shows the arrangemerit of this
16. 2. Arrangement of oscilloscope, oscillator, capacitor,’ — : ~
and coils for resonance experimentf ’ p eqmp ment.

W. A. Hiwron -

, ‘ - willi Coll
sulated wire around two wooden circular frames, - o "n;ggf gmﬁ:
each about 3 in. diam. Coil 1 is connected to the ' : Smithville (Missouri) H.S.
68 ‘ . : ‘ . ‘ N o
S 78
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PROPERTIES OF LIGHT -

‘O-la Pin Hole Camera

BN

0-1b qInverse

it

0O-lc Reflection from Plane Mirrors®

. This...demonstration consists

of a ¢oiled-filament lamp for
-the source,”a piece of metal
with two small holes in it,
and a screen. Two images are’
easily seen on the screen, or-
only one image When one of
the holes is covéred.

Square Law and
Foot-Candle\Meter

‘'Fig 0-1b shows a device which,

demonstrates the inverse
square law, as it relates .to
light, sound, etec. A Weston-
type foot-candle meter is al-
50 shown. :

A 60° and-a 30° kaleidoscope
are shown. Six images are ob-
sebved with the 60° and 12
with the 30° unit. In the
center is a method of démon-
stratlng the number of‘g;;a/ges
seen when two mirrors at
varlous angles to eaéh other.

0-1d Large Plane error

T

A large plane. m;rrors about
three feet in height, -may be
used to show that-it'dis of
sufficient size for a person
six feet in height. Tng/@eo-
metry of ‘this problem may be
shown oh the board.

0O-le Ubject and Image Dlstances

with “:a Concave and Convex

- Mirror

A screen, ' an object, and a
concave mirror- are shown. on
“the following page. ‘A con~
vex. mikror is on the side

opp051te the concave mirror.

Y

|
|
1

60°

79
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Pin Hole Camera

aleidoscope
+

Two'Mirrdrs.

Kalezdosco 3

¥
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' Large Scale Demonstration of the

"3 A 60

Minimum Angle of Deviation .

o Wallacé A. Hilton
’ W:lham,JeweH College
Liberty; Missouri 64068

Many students when using a
prism spectrometer experience diffi-
culty in obtaining the minimum
angle of deviation for the various
lines of a spectrum.

Equipment for demonstratmg a
method for determining the mini-
muin angle of deviation to an mdi-

vidual or to a class is shown in Flg.

table that may be rotated slowly. A

light“source that has a single fila-

ment bulb is mounted in a vertical

position in a metal box A lens is
used to project the imige of the
filament on the classroom screen or

wall. :

When the hght is dlrected.

through the prism, the beam is

* déviated through an angle "that

may. be observed ! by the change in
position of' the image on the
screen.- As the prism table is ro-
tated slowly, it will be observed
that there is a position of the prism

»

- OPTICS -

prism is mounted on a

- -

| 0-1f

~ dlameter

. mirror. T
Co. 3-inch dlameter telescope ~ -

‘mirror is also shown.

* satisfactory to use with the

el
PR
T «

“Concave and Co"i'xvex Mirrors .

\

Larger mirrors have value in a.

bigger c¢lassrooms A 16—1nch
~éonvex mirror is
shown with a 16-inch concave
An Edmund Scientific

This is

objeet in Fig 0-le to project -
an  image on the e¢lassroom

screen.

FEFRACTION OF LIGHT

v lﬁ‘l'inimum Angle of Deviation -

his article is° 'r-ép'r'lnte'd
T rom THE- PHYSICS TEACHER, VOl

_.T, B 513 (Dec. 1969).

.~

»

at whlch the deviation of the i 1mage
of the spectrum formed on the
screen is minimum. This is"the min-
imum angle of deviation for the -
spectrum projected on’ the “screen.
Red, blue, or otherfilters may be

placed in the path of the light and

othe minimum shgle observed for

vanous colors. T~

It should be pomted out to the
student that there is greater disper-
sion for flint glass prisms used i ina
spedtroscope and that the mini-
mum  angle of deviation can Hé

thamed for each spectral line.

"

-
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. 0-2b Index of Refraction of Air

" This experiment- .is ° usually
done in the laboratory, but
may be done as a demonstra-
’ tion. -
The article below is reprlnted
from THE PHYSICS TEACHER, Vol °
6, p. 176, 1968.

[ S

" Index of Refraction of Air
Wallace A. Hilton
William Jewell College, Liberty, Mnssoun 64068

Measunng the index of refraction of air at atmospheric
pressure can be an interesting and worthwhile experiment
for the beginning student. The equipment needed includes

-a vacuum pump, a monochromatic light source, and a
'PSSC Advanced Topics Michielson interferometer with
vacuum chamber. (Macalaster Scientific Co., 60 Arsenal |
St., Watertown, Mass.. Item Number 3500, $20.00.) This.
apparatus ‘is shown in Fig. 1. '

The interferometer is adjusted so as to see circular
fringes; straight or curved fringes are also satisfactory. Fig. 1. The PSSC Advanccd Topxcs Mlchelson interferometer.
It is desirable to obsetve first the fringes without the
vaguum chamber in place and, later, with the vacuum Dividing both sxdes of this eqiration by d the followmg
chamber in the beam of hght .on one arm of the inter- equation is obtained:
ferometer. The chamber is evacuated, after which air is &

© (Mirror)
Mercury N hd
Iight
Source

©

. Leak
Valve

S +

to punp

) slowly leaked into the chamber, thus increasing the optical . i = _{‘i + _N__Z'_ .
path as indicated by fringes moving across the field of d d 2 ,
view. If the chamber is 5 cm long and the 5461 A green Since n’ = d'/d and n =.1.00000,
line of mercury is used as the monochromatic light source, " tbe equatnon becomes
about 50 fringes W observed to m/OVe across the field. \ =1+ E}_
2d

The change in optical path, Ax NN 2 where N is the Thus by counting the number of frmges N and meusur'-
number of fringes moving past a.referencg point when ing the length ‘of the chamber d, the index of refractiof

air is leaked into the vacuum chamber, and A is the wave-,
length of the light., Let d be the optical length of the
. vacuum chamber and & be the optical length when filled
. with air at atmospheric pressure. Also, let n be the index
of refraction of the vacuum and equal to' 1.00000. Let n
be the index of sefraction of air in the ‘chamber; then d =
» nd (optical path in vacuum) + Ax (the increase ‘in optwal
p;%dw to the air). 'Ihus d = nd + N)\/Zsmbe Ax =
n : .

pa

of air at atmospheric Apressure may be: caleulated. For
example, if N = 53 fringes, d"= 5 ¢m, and ) = 5461 X
10~3 cm, the index of refraction of air »’ will be 1.00029

which approximates handbook values. Errors may be due -

to the lack of a perfect vacuum and to variations in at-
mosphenc presure

. The experiment may be tepeated usmg oanbon dxoxlde
or some other gas that is available in the Iaboratory

%
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0-2¢ Total Reflection and Refrac- - Fig O-2c jgh
tion -

Several :prisms for demonstrat-
ing “tofal reflection and re-
fraction are shown in Fig
i0-2d~. : A

el ot

0-2d Fiber ‘Optics and Internal Re-:
.flection '

Five different light pipes are
available for demonstrating

Fiber ‘Optics and internal re- " Fiber Optics .
flection, as ,shown in 'Fig § 4w  Demonstrations , ‘
_O-Ze. - " ", T ' I ' . ‘ $ . _\

. 0-3  DISPERSION s

0-3a DiSpersion ‘can be .demon~-

strated by -using & prism and a
. light source to produge. a
’ - spectrum on a Screen.,

~

0-4 LENSES

O-4a Image Location from Lenses

The sét of lenses shown 1in
Fig O-4a may be used with an
"Object Source" and a screen
to demonstrate the six general
cases for object and image
distances: (real or virtual,
. smaller -qr larger, etc.). -<In-
' some cdses it .will be usefiul ==
to project the image on the
! classroom screen. .

& "0-4b Optical Disk - .
. ~ About 25 optical demonstra-
tions may be performed with
. the optical disk shown in Fig,
. 0O-4b, such as reflection, re-
fraction, measurement of focal
length of mirrors and lenses,
’ ) . total . internal reflection,
’ spherical aberration, varia-
tion of indexs of refraction
“with cdélor, ete. -

Q . . - o 4 . - - Sy
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+° Qlhc CHOICE OXIDE GLASS LAMP /S

o . If CHOICE OXIDE is written in Wb o GLASS LAMS .
: red and GLASS LAMP is ‘written, ' "’
L ' in blue and a tube filled
' - with water is placed in front
of the words, the words GLASS
= LAMP appeap to be dinverted
when viewed through the tube
., of water.  WHY? This. is ,a : R
. corridor experiment. (J. S. j g ¥°Vi°
: © Miller, AMERICAN JOURNIAL OF 4B - Camera
_PHYSICS, Vol 23, p 71, 1955) i '
‘ 0-5 OPTICAL INSTRUMENTS .
0-5a Cameras: Among the cameras
that may be exhibited before
a class are: an early model
press camera, a Bolex 8 mm
. movie camera, a Nikon 35 mm
camera, and a Century Graphie
2 1/4" x 3 1/4" press camera.

v

0-5b The Eye and a Bigger "Eye"
A model of the human é}e is.
available for the dlassroom |
and a Questar telescope 1is

available for a visit to the R

o . roof of Science Hall for a
. B look at - the sun, moon, ;“
planets, stars, etc. S AR .
filter  is available for
bserv1ng sun spots, .
~ eclipses, ett. o : .
' L
0-5¢ Metallograph ’ & P
. v .0 . . 3.& ~
. Somﬁ“studénts may want to see the . y
A Unitron Metallograph in the Opties - .
T Labordtory.. . . .,
. - = v
{)l. . 0-5d UV~Qisible Monochromator .
; 7 Interestdd students may receive a
> < - demonstration of the Jarrel-Ash
. Monochfomator  in  the
} - Laboratory. , .
D “ \ . h ‘ q
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Aruitoxt provided by Eic:

l

0-5¢ Sun 1ele°oope | ; ‘.

=

: The deserlption of the sun-
belescope ‘is reprinted from’
AMERICAN JOURNAL OF PHYSI CS
Vol 38, pp 391-92,” March 1970.

g

A Solar Telescope for the C

WarLace A < Fiuron S
Wiltiem Jewell Ca!hjgc. Liberty, Missouri 04058
(Received 4 September 1969)

» S

i}

¢ s o
A visit to the McMath Solar "I'elescopel suggested the
ldea for a sun teleseope for the physics lecture‘room.
"A room is needed which is light-tight except. for one,
small Wmdow on the south- sxde of the¢ room. With the

window open, the heliostat shown in Fig. 1 is placéd in the

opemng so, that light from the sud %tnkes the mirror M;

~at an angle so that it will be reflected to the mirror M;. “The

A axis of the two mirrors, M; and My, is adjusted to be Pamllel

to the earth’s axis, which is in the direttion of Polaris, the

north star. This makes it possible for the motor? to rotate

» M; and thus track the sun a3 it moves across the ky.
Light is then reflected from mirror Ma horizontally

" across the: room (15-40E ft) to the-mirror M, Mirrors

F16.1. Heliostat showing the motor-drive i\LD and tiie front surfaced
rmrmrsnM; and Ay When in pperation, the mirror Me and the achro-
matic lens I are lotated on the lesture toom table nmi the sereen is

seated jr uat‘, nhove the hchos!a.t S,
» ': ’ : & a
74 R
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- taken from
classroom screen . of the March T,
1970, eclipse of the sun. 4

 Fig O-Se Photographs

o
.

1\11 and Mz are optncul ﬁatsbw}uch were obtamed from
eur’)lus optical equipment and then coated with & thin
a!ummum film. M; is a concave mirror,? 3 in. in dm.meter

and has a foeal length of 301 m ; however’ the fooul length is
not.critical. .
The light reﬂected from Ma forms a small i image of the
sun at, its focal point, or about 30 in. from the mirror Mj.
Thls image of the sun then becomes the- object for the’

uchromn.tlc lens L of 1-in. foeal length. The lens is then
adjusted so as to form a large image of the sun on the
screen, which may be located on tho wall just above the

. ' . B

3

Fid 3
Fia. 2. Arrangement of the hehmmt, the mirror My, the achromatic
- lens L and the sereen,

© -

' open window where the heliostat is' located. Careful ad-

- Justment and the right touch will be requn'ed to get the

three mirrors and the lens in p,yoper adjustment. The
grrongement of the heliostat, the concave mirror M:, the

* achromatic lens L, and the sereer is shown in Fig, 2,

This apgaratus makes it possible for an entire clasg to see
‘the image of the sun and to observe sunspots on the class- -
rdom screen. . "

* Exhibited at the AAPT Appnmtus Compemxon, Nop York l{llton
Hotel, 3-6 February 1069, * -
" 1Lacated at Kitt Peak, ncnr Tucson, Anz.

* Edmund Scientific Coi, Ttem No. 70 726, o

3 Edmund Seientific Co. . Ttem No. ‘50 o082,

. ’ 0
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'O—SF Larger Telescopes

" Three small refrdecting -telescopes
are available for observations on
the roof of Marston Science Hall.

& The . diameters of the objective

1en§$§ are 2.75", 3", - -

Two XReflecting typ€ telescopes’

made by  W.. A. Hilton are  also
le for use. See Fig 0-5f.

avail

- -
S . -~
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0-5g¢ A& Small Planetarium
Avdeséripbion of "A

B E~
Amateur Astronomer"
"is reprinted from

SCHOOL SCIENCE AND

‘MATHEMATICS,
P February 1957.
{
)J,
3
< - B
x
Q ' o

. .. +Planetarium’ for the

OPTICS -  -.

0

and 4

A PLANETARIUM FOR THE- AMATEUR ASTRONOMER

" Warrace A. HrLzon
Willians. Jewell College, Lzberty, Missouri

For the past several years, small planetanums1 have been avalla.ble
for home use; however when the stars are projected on the ceiling ',
and walls of t{he ordinary room the constellations are distorted.

©

-In order to prevent thxs distortion, it'is necessary to have a hemi-
sphencal dome. An easily constructed and simple type dome is shown
in Fxg 1. The supporting f frame is sawed from %dnch plywood and the
pleces are nailed: together so as to make the diameter of the*dome

six feet. Cheesecloth is stapled to the structure and the planetarium

is mounted at the centter of the dome, In this case the dome is mounted

“in & home garage and just above the engine-spice of the family car,

-
1 Sﬁll]r Hlﬂ!tlﬂml, Sp!tl I.lbotl!odq, Yorﬂyﬂ, Delaware, - o :

v""“ ) . , R
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In the evening when the room is dark, the ribbed structure cannot
be seen through the cheesecloth and the stars are easily seen in their
g correct position-when projected on the dome. Ce
T In order, to make the planetarium show more interesting to the
. local grade school and high school astronomers, flashlight bulbs are
« placed on the west and east sides of the.dome. These are controlled

by rheostats. The setting sun is represented by dimming the bulb’

in the west, and then after.seeing the.star$ of the entire night, the
bulb to the east is gradually turned on to mdxcate the nsmg sun.

%

0-5h A Planispheric Plane-

tarium

-A description of "A
Planispheric Plane-
tarium for the Astron-

“omy Club" is,reprinted
from SCHOOL> SCIENCE
AND MATHEMATICS, Feb-

ruary 1940,

N

A PLANISPHERIC PLANE:I‘ARIUM FOR THE
ASTRONOMY CLUB

Warrace A.-HrLton
Hickman High School, Columbia, Missouri

Astronomy Clubs at the high school level are in need of better ways of

studying the celestial bodies. Star maps in general do not reveal the move-
ment of the stars and other bodies of the sky. Neither do they point out
the place of the horizon at the various'times of the day and -the year or
the movement of the 5un and moon among the stars.

In an effort to overcome these problems the Astronomy Club at chk-
man ‘?Ilgh School has a so- called “Planispheric Planetatinm.” This piece
of astrghomical apparatus is,a home-made device which does show the

. movement of the stars, the sun, ard the moon during every day and hour
, of the year. This instrument is powered by a small electric motor which
- turns at 4800 revolutions per minute; however it is geared down so that
the time for one revolution of the map, which corresponds to one day of
twenty-four hours, is about five minutes. This is made possible by a group
of pullies which are so arranged so as to reduce .the speed about 10,000
times.
+ All of the stars that may be seen throughout the year at Columbia are
drawn on the map that is‘four feet in diameter. Since all of these stars

_ cannot be seen at any one time, the map is placed behind a frame that is,

R so designed to show only that portion that may be seen at any one tirne.
' The edge of this frame which represents the horizon is not a true circle
but rather more or less eliptical or egg-shaped. This is due to the change

. from polar coordinates to plane coordinates and is obtained by some simple

v calculations in spherical trignometry.

N v Objects which represent the sun and the moon are placed just in front

of the map so that the paths that they take as they apparently travel,

through the stars may be easily seeh, the sun making a revolution with
every 365 revolutions ofythe stars,’and the moon making a revolution each
d ’ twenty-eight days. A mechanical clock is conne?:ted so as to give the exact
time gf the day and a mechanical calendar gives the date of the various
months. .
~ This insttumeént which we have termed a Plamsphenc Planetarium has
. *  helped to increase the interest and knowledge of the members of the chk-
o . man Astvrom)my Club in the study of the celestial bodies.

© ‘-/\/.o } - a L u’\
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- similar+to the Welch appara-
. ¢lassroom secreen, and = the

- Filtergraph . . -

...Filtergraph has four filters

COLOR ‘ S

Welch Color Apparatus’: . -V
The Welch Color Apparatug is
a véry useful piece of equip-.
ment for demonstrating the
addition "of -the prihary col-
ors: red, green, and blue. o

Cenco Color~£ppak§tus
The Cenco” Color Apparatus is'

tus in.that the primary col-
ors may be projected on the

addition of colors observed.

-
‘.

The Cenco - Balinkin~Dwigh

with four eorresponding spec-
trographic - diagrams and a
slide. It may be used with
an overhead projector ‘or a
3 144" x 4" projector.

s

o
by
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0-7  DIFFRACTION AND INTERFERENCE

0-7a Single and Multiple Slits

Several years ago the Physies
Department purchased 24 of
the Cornell Interference and
Diffraction S1litfilm Demon-
strators. ' These are shown in
Fig 0-7a, together with sev-’
eral. -diffraction gratlngs,
red and blue filters, single
filament light bulb, gas dis-
" charge tubes, and a Hg light
.- source which is covered with
. black tape ‘so as to make it a
dong-line Hg source. The in-
structions which were  re-
ceived with the Cornell Slit-
film  Demonstrator  appear
below and opposite. o S ' ,I

PROPERTIES RéQUlREb FOR THE DEMONSTRATION -

s
e
&

t

[ 3]

w—r
SCIETINY EETH

For best results in demonstration of interference
rand diffraction, each student should have a slitfilm N %0

- for hig personal use during Jlecture discussions. B ST
Equally usable is the glass-bound slitfilm, or the film -

> itself unbound, although the Mtter, subject to surface
- scratching, is Ilkely to become less effective upon the
diffusion of light through a scratched’ suzface. - ’

For viewing the phenomena through the slitfilm, one’ . : % l ' 2

ape

ramLC TR
-wos wt
-
i*3

requires a clear glass single-filament lamp, such as - . %
Type T-10 120-volt c¢lear showcase lamp, 134” in -
diameter, 595" long, available in any electric or hard .
ware store for about 29¢, or for large classes, a tubu- . 40
lar clear glass showcase lamp, Type 40.T8, 40 watts, “ 5 Y
120 volts, 12" long, apprommately $1.20. R ,ig '

MANUFACTURED AND SOLD BY

THE NATIONAL PRESS el . o

1
~

~

)
PALO ALTO, CALIFORNIA e - !

but no Longer available hene - o :

M

P

0-7b Interference in Thin Films S oo
Colored 1nterference fringes may be obtained by fllllng a shallow pan

with water and then letting a small drop of oil fall on the water. A

thin film of oil will spread over the surface. Then light reflected

from a ceiling 1lght at the two surfaces of the oil film will appear

blue if the thlckness of "the oil film is such as to cause constructive
interference for blue light., Moving the iron bar so-as to change the
thickness of the film will produce other colors of the spectrum. Mov-_

a ing the bar .decreases the area of the 011 film and thus increases the .

»
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1. S::t the lamp with tli¢ filament vertical at ﬁy
convenient distance from the observer, from one foot
to fifty feet. A single lamp is sufficient for a whole
¢ .

2. Hold the slide with the long dimension vertical, . .
with the Cornell Aeronautical Laboratory monogram

“_fin the upper right corner, as illustrated on ~

the chart. - )

3. Hold the film close o the eye (almost touching

the eye} and Jook through the slide at the single-

filament lamp. »

. 4 More than twenty different patterns may be seen
by looking through the different elements on the slide.
For example, on the left is & column of single slits
of differerit widths. The slit at the top is so wide that
things will appear quite normal when seen through it. -
As one goes down the column, the slits, get narrower,
and the single.slit diffraction patt ets broader.

(The filament becomes less distinet and “broader.”)

i pt fo top element which is-

2 & single slit, there is a column of double slits of
different spacings. The farther apart the slits, the
closer together are the interference fringes of the

. o  donbleslit interference pattern.

“+ In the fourth column is a group of multiple slits;
secondary maxima can be seen in at least two' of the _
patterns.

R In the middle column is a group of coarse diffrac-
tion gratings having various ratios of slit widths to

slit spacings. ) - . »

The pattern in the center of the sljde gives the " -

greatest dispersion. With this pattern coarse measure--

ments may be made of the wavelength of the green

mercury line in an ordinary fluorescent lamp (covered

by a narrow slit), or of the most prominent neon lines

in a neon lamp, etc. The second “column” shows a

C.A.L MONOGRAM IN UPPER
RIGHT HAND CORNER
(AS SEEN BY OBSERVER)

2

DIRECTIONS FOR USING THE CORNELL INTERFERENC
AND DIFFRACTION SLITFILM .

© R}

double skit of variable spacing but comunts width,

- faired into_a double slit of constant spacing but

varying width, faired int¢ a single slit of varying
width, When this pattern is drawn past the eye .
(vertically), many phenomena can be seen, .

S. Many additional phenomena can be demonstrat-
ed. One may use blue and red color_filters over the
lamp, from which it will be seen that the patterns are
wider with the longer wavelength red light. One may
observe the position of “missing orders,” although in
the closely spaced patterns, it is not possible to con-
trol missing orders too well. If one looks at a pattern .
of closely spaced u#urces (for example, a transparent - -
line source with lifles spaced about
then many intetesting phenomena cart be seen. Tilt.
ing the slide about a vertical axis in effect varies the
slit spacing. In respect to directional characteristics,
it is desirable to draw analogies among optics, sonar,

and radars, etc. AN

. m is worth noting why the filament of the lamp
appears to be spread out in a series of fringes. Actu-
ally, the filament is not altered when the slit is put
in front of the eye, but the slits produce, interference

.or -diffraction patterns focussed and spre#d out on the

reting of the eye. Because the pattern is spread out
on the reting, we “sec” the pattern spread out in
space. - . * :

7. For further information’on the slitfilm, see
Seville Chapman and Harold Mecse, American Jour-
nal of Physics, 25, 135138, March 1957. For further
informationr on the phenomena to be observed, con:
sult any good book on physical optics (for example, P
Jenkins and White), and study the chapters on in-

terference and diffraction.
» : -~ d

t

.

gy------"""" . [ 1] smeLE FiLAMENT

CLEAR GLASS LAMP

TTe-a AT FRONT OF LECTURE
’ =~ = — —_— mm
: SCHEMATIC DIAGRAM SHOWING . METHOD T
. OF USE OF SLIT-SLIDES. - 5
»0-'713, continued e, 4 R N
thickness. The oil must be | for'llter 0il

‘of 'low viscosity, such as |
old crank-case o0il from a |
car, The film may be re- j
moved by sliding the - bdr |
across the top‘of the pan, [
This is an éxcellent dem- |

onstration. -

041 Pilm with - Droppers Ringl
. "par” :
-+

i e o e BT

:7‘? | Interference Thin Pilmk

, 9

34 inch apart), . .

.
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. .+ 0~Tc ' Pohl's Experiment
. Pohl's experiment on inter=

ference may be performed with \
a good quality mica sheet and
a mercury light source. The
interference pattern formed
by’ reflection betwen the two
surfaces of the 'mica will
produce: circular. fringes
which may be easily observed
on the rvlassroom screen.

4 mercury light source that

may be. used_ for this and

other experiments 1is des-

"ePibed” in the f£dllowing re-

print from the AMERICAN JOUR-
' ' . NAL OF PHYSICS, Vel 19, p
g ' . 2u8, Apr‘ll 1951. o

SEVERAL economlcal types of mercury lnght sources
have been suggested for the’ beginning laboratory:
0_Schwmn‘ has suggested: the use of a type 816 mercury-
vapor rectifier. Kirkpatrick? suggests an ordinary fluores-
cent lamp while McCay and Bishop?-use a standard

" germicidal lamp:
Another satlsfactory source*’my be constructed with
. parts usually found in a physics laboratory plus three
items that may be purchased for less than $15.00. These
items are a GE.$-4 sunlamp which operates from & (GE
. No. 58G720) ballast, and the special socket for the lamp.

: The other parts consist of a tin can for the lamp house, a
M ring stand to hold the lamp at the desired height, and a ,

small metal net to house the ballast. An off-on switch
may be mounteéI on one side of the cabinet. It may also
prove convenient {to have an outlet on the same side of the
cabinet which will permit the'lamp to be disconnected. A
filter holder may be constructed of plywood or some other
materfal and clamped to the lighthouse with a coil spring
At William Jewell College we have constructed several of

these unlts, one of which is shown in Fig 1. .

.
Warrace A, HiLton

William Jewell College,
[ " Liberty, Missouri

1 M. W, Schwinn, Am. J. ‘Phys 18, 279 (1947) . ~FIG. 1. Mercury light soutce,

: B, Kirkpatrick, Am, J; Phya. 15, 355 5:941) cury light sadr

*M. S. McCay and E. S. Bishop, ‘Am. Phys, 16, 361 (1948). o
o

-

<

-

T 0-7d Interference Frlnges, Newton s Rlngs, Arago White Spot .

The thickness of thin metalllc f11ms may be observed with a 36 1n2 -
‘broad source Helium lamp or more accurately with a sodium source and a -
microscope. Newton's rings may be observed with either light source. An
optical flat is avallable for determlnlng the flatness of other pleces of
glass.

o

A demonstration of the Arago White Spot, located in the physlcs depart—
>~ ment hall, is descrlbed below in a paper reprlnted from the AMERICAN
< JOURNAL OF PHYSIQS, Vol 36, pPp 9~10 April 19068.
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‘Arago White Spot

) GENEI‘{AL physics texts!~2 usually include a
description of the experiment by Jean Arago
which is one of the most convincing demonstra-
tions of Fresnel diffraction theory. Usually. called

- the Arago white spot, it may be observed in the
shadow cast by a small ball bearing from a point
source of light. The result is a white spot in the
center of ‘the shadow and circular fringes sur-
‘roufding it. This famous experiment may be
presented as a permanent corridor demonstra-

tion by placing a small flashlight bulb at one

' Bfwa.d Sawace. é; Microscope  Sodium
“Helium. Lamp < . *ﬂ'
0 = M
4+ e '
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0
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“The General Electric micro-
“'wave equipment is available
:for demonstrations to large-
‘classes.

The Budd-Stanley 3cm Mmro-

wave Equipment is useful in
. smdller classes and for indi-
vidual laboratory work. .

O-7f Mlcrowave Optlcs. X-Band, 30m' m

end of the hall and a small telescope at a dis-
tince, of from 75 to 125 ft away A small ball
bearing is placed midway, and in line ‘with, the
lamp and the telescope. When the light is turned
on and the ball bearing carefully adjusted for
alignment with the telescope, the Arago white
spot and the circular fnnges may be observed.
This demonstration, usmg a GE No. 13 bulb,
a ball bearing 10 mm in diameter,” a{xd a small
10X telescope has been exhibited in the William
Jewell College physics corridor for over 15 yr.
The distance between the bulb and the telescope
is 90 ft, with the ball bearing bemg 30 ft from

"1 the teélescope; however, these distanees are not

critical.

» . WaLLAcE A. HiLton
. WxIln'am Jewell College, Liberty, Mo.
: ROBERT*SANDQUIST
Smithville, Missouri,H.S.

1w, W, McComuck Fundanienials of  College
| Phy ysics (The Macmillan Company, New York, 1960),
pp. 671-673.
2F. W. Sears and M. W. Zemansky, College Physics
¥ (Addison-Wesley Publishing Co, Inc.,, Reading, Mass.,-
: 1960) 3rd ed.

Flg O-7e 'G.E. 12-cm Micrg
lquipment

“d

d
;
>y
g v
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0-7¢ Double Slit and Fresnel Zones
, The equipment shown - in Fig
- 0-7g is used with the 12-cm
microwave oseillator to-
demonstrate double slit

interference and Fresnel zonej

interference to large. classes.
A . N ‘-

O-?h WMicrowave Demonstrations, 420

mHz -

Microwave demonstrations using
420 mHz are described in the
article below, reprinted from
the AMERICAN JOURNAL OF PHYS-
Ics, Vvol 20, pp 307-08, May
1952,

Microwave Dpemonstrations*

Josedu W. CuastEENt AND WaLLACE A. Hirton

.o William Jescell College, Liberty, Missouri
Received January 14. 1952)

@

THE importance of microwaves in the teachmg of
physical optics has been pointed out by Andrews'
using*2500-megacycle (12-cm) commercial eqmpment

" Persons interested in constructing rather, mexpensnve

, microwave equipment (420 megacycles) that ‘may be used-

for this purpose may find the circuits and descnptxon ‘of

« thns type equipment which appeared in a recent issue of
Hanm News® of interest.

Two 420-megacycle oscillators, together with antenna,
intensity meter, and Lecher-wires are shown in E:g 1. This
apparatus’ thay be used to demonstrate several properties of
electromagnetic waves, such as interference, reflection,
polarization, stagnding waves, etc. It may also be used in the

5 MICROWAVE
DEMONSTRATIONS

- £.5. PILLSOURY
DEPT OF PHYSICS

F16G, l. Mictowave demonstration apparatus..

teachmg of microwave transrmssmn as applied fo radio and
television.

82
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ERIC -

Aruitoxt provided by Eic: . . . )

o 0-Ti

Expenments that may be performed mclude the
following: *

1. Reflection may be studied using.a metal reﬁecto‘r
or a half-wave wire reflector. -

2. Radio fading may be shown using a reﬂector to
. represefit the-ionosphere, :

3. Standing waves may be shown by’ movmg' the .
intenisity meter between the antenna and a reflector.

.+ 4. Polarization may be shown by rotating the i in-
tensity meter, or by the insertion of a parallel wire
screen between the antenna and intensity meter,

5. Field pattern of an antenna may be observed by
reading the intensity meter at various locations.

6. Focusing. of electromagnetic waves may be de-
monstrated with a half-wave reflector.

7. The effect of a reflector on a television antenna -
may be shown by using a half—wave reflector thh the
intensity meter. :

8. Usinga Lecher-wire system, standing waves may
be demonstrated and the frequency of the oscillator .

measured. . N
* Exhibited at the 12th Annual Colloquium of College Physicista
State University of Iowa, June 13-16, 1 951,
Now in United States Navy.
. Andrews, Am, J. Phys 14. 379-—82 (1946) and 17, 462 21949
s Ham News, ' Table Top Antennas,” 4, No. 1 ,Jan ~Keb, (194
General Electric Company, Sclienectady, New or

Acoustlcal Optlcs

Opt1ca1 experlments that have,

been presénted in Experiments

i ' 0-Te, f, g€y & h may also be-

o demonstrated with sound waves

" of from 7000 to 10,000 Hz, with

the equipment shown in Fig O-

Ti. The following article from

. the AMERICAN JOURNAL OF PHYS-

" ICS, Vol 17, p 581, Dec 1949,

describes a demonstratlon of
acoustical interferance.

e




23 different experiments.

-

The Acoustic. Radiator

. . -
1 N

CHE Schilling!™? articles of a decade ago gave impetus
tothedesign of apparatusfor the use of high frequency

IOPTICS‘ A -

audible cound waves, in place of optical waves, to illustrate

more easily. Huyghen's wave principle, interference and
difiraction plienontena. ? :
One of the acoustical radiators,? manufactured to demon-
strate the above principles, was purchased in 1939 by the
Uitiversity of Arkansas. The equipment has worked well
except for the Galton whistle, which was used as the source

of sound. Even with 3 constant pressure tank, the fre- -

quency would not always remain constant over any
sequence of experiments. Following the war, the Galton
whistle was replaced by a very small loud speaker placed

- within the tube. The sound was directed toward a para-

2]

Amplitier]——{Oscillator]

Q0 Microphone on
OQON o« end of 25arm
" Four speaksrs
at end of tube
v
Seals

~*FiG. 1, An aconstic radiator designed to radiate plane waves at
Openi(lllgAB by use of fuur speakers connected in series and located
at en . .

bolic reflector at the closed end. The reflected wave which
passed ‘through- the open end has proved to be more

-satisfactory than that from the Galton whistle.

The main purpose of this letter is to call attention to the
loud speaker system used in a more,recent, construction of
a: complete acoustical radiator at William Jewell College.
In this instrument four small loud speakers, connected in

series, were placed at A of Fig. 1, the location of the ’

"parabolic reflector mentioned in the previous paragraph,

This source has proved very satisfactory for a range, of
frequericies from 5000 to 10,000 cycle sec™! to perform some

o -
. L

0-8  POLARIZATION ”
0-8a Polarization by Reflection

Q

E

RIC

PAruntext provided oy enc |

‘a piece of glass at an angle of
incidence equal to about 57°,
the reflected light is plane
pglar‘ized, If this 1light is
then directed to another piece-
of glass at about the same an-
gle of ‘incidence, but at 90% to
-the plane of polarizé%ion, the
intensity will approach zero.
Apparatus for this demonstra-
‘tion is shown in Fig 0-8a.

v

When unpolarized light falls on

M

The tube is constructed of wood and lined. inside with
glass fiben one inch thick. The circular and rectangular
slits are made from quarter-inch 3-ply wood. The semni-
reflectors fire made of painted screen wire. The arrange-
ment for the oscillator, amplifiers; and oseilloscope is also
shown in Fig. 1.
‘William Jewell Collige Watiace A Hiron .
Liberty, Missouri o '
Universit of Arkansas ~ L. B. ‘HAF
Fayellem'ﬁe. Arkansas

| 'H. K. Schilling and W, Whitson, dm. Physics Teacher 4
P 3!3. K. Schilling, Am. Physics Teacher 5. 280 (19375; 6.235(5'.932?6

# Central Scientific Co,, Catalog J-141, Iten No. 84685.

o
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Aruitoxt provided by Eic:

0-8b’
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Polarization of
Experiments o

The kit for presenting several :

demonstrations using an over-

of VW plate glass, tourmaline
erystal, polarizers, calcite
crystals,, A/4  plate, A/

plate, mica, several double -re
fracting materials, photo-elas.
-tie . specimens, two - l4-inch
square Polaroid sheets and a
sheét of plastic for use wit

"the overhead projector. A ra
ther dramatic demonstrabion o
polarized light experiments ma
be presented with thls equip
ment. o » >

.. Y
Retardation Plates and Elllpso

0-8c
- metry “

‘ Several models of ‘retardatioh
plates are available and are
briefly descoribed in this re-
print from the AMERICAN JOURNAL

QOF PHYSICS, Vol 21, pp 266-67,
September 1953. T

* Students interested in  this
field may want to see an ellip-
someter like the one shown in
Fig 0-8c. .

Demonstration Models of Retardatmn Plates in
Polarized Light v B

. WALLACE A, Hruron  §
Willt'am Jewell College, Liberty, Missouri

=]

EXTBOOKS on optics! give godd explanations-of the
characteristics of retardation plates as related to
plane-polanzad light. Howgver, models may serve as an
additional aid to the instructor in' presenting this part of
the light and optics course.
" Fifteen models® are proposed as an aid in the tw.chmg
of the following three topics: -

1. A model of a half-wave retardation plate in whichw

the plane of polarization is rotated through 90 degrees is
shown in Fig. 1. The first model represents plane-polarized
light, whose plane of vibratidn is oriented at 45 degrees to
the optic axis of the retardation plate, thus making the
ordinary and estraordinary waves.of equil amplitude.
This is shown in Model 2 of Fig. 1. A study of Models 3

and 4'demonstrates how the plane of polarization is rotafed -~ -

through 90 degrees due to the different velocities of the
E and the O rays in the half-wave plate. This 90-degree
rotatton is indicated in-Models 4 and § of Fxg L
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2. In-a similar manner models to éxplam how })lane-
polanzed light. becomes ' circularly polanzed light after
passmg through a quarter—wave plate may be constructed.

3. Models which present an arbitrary retardatnon plate
which gives elllptlcally polarized light may also be pre-
< ared 3N B

After. discussing eich of the above, the relatnonshnp of
the three types may be Ppresented along with the fact that

~cireularly polarized hght and linearly polarized light are

speclal cases of elliptically polanzed light.

.
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Aruitoxt provided by Eic:

I’heac mode!s are made of plastic and are aupported on
wooden pins and bases, Drawing ink is used to represgnt
.the waves, - N .
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1F. W Sears;_Oplics, (Addisou-Wesley Press, Cambridge, 1948), - >
3rd edition, pp. 185-91, ) g

2 Exhibited at.the Collc of College Physicists, State University
of Iowa, June 11<14, 1952,
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0-9  SPECTRA ‘ . ;
: 3 e N
0-9a Spectra Projection on Screen'’ .

The B & L Aspectra prOJectlon'
kit is used with a 35mm sllde’
projector to«present a contin-
uous spectrum on the classroom}
screen. Absorption cells which
‘may be fllled with various col=~|
ored liquids ‘may be plaeed ing
the: slide projector 'and the’
absorption spectrumbobserved on
the screen. o .

A reflection type grating is a-

A vailable for showing the visi-
' _ble spectrum. The Eaton's Di-
rect V¥ision (Cenco) lecture ta-

ble. prism.may. alse be used for

this purpose. ;'
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0-9b Emission Spectra (1) e
- The apparatus-shown in Fig O-
4 7a makes a‘very worthwhile dem-

Ry ~onstration
‘Lite *.spectrum

experiment;
« tubes

. Tube=-

viewed  by- each  student.
©* A calibrated grating spectrcﬁe-‘
ter makes possible the reading.
of the approximate .wavelength.
of - the Spectral: Yines; it is'
showry in Fig . 0-9b. When light |
from-the sky is focused on the
slit, the Fraunhofer 11nes may, ‘
"be observed. ' ,
Ehission Spectra (2)
v g I

A prism spectrometer may also

. be used to study emission spéec-

' tra as, shown'in Flg 0-9c.

6?9c

0-9d Absorptlon Spectra

- The ° Barnes ES@AOO Educatlonal
Spectrometer is helpful in dem-.
’ onstratlng .absorption spectra
to small classes. A de§cr1pt10n
of this topic is given in the
follow1ng reprint . $rom the
AMERICAN JOURNAL - dF PHYSICS,

Vol 35“ pPp. 542-&3,AJane 1967. ”‘;n

" Using the Bamnes ES-100 - -
*" - Educational Spectrometer - v
;‘.WALLACEA HicTon AND JANET M. WaAN® *

William’ Jewell College, Liberty, Misséuri *
{Received 18 July 1966; xevxsion received 1 Deceﬁsher 1966)
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N his evaluahon of the Barnes ES-100 Educanonal '

spectrometer, Kaylor‘ pointed out. that the unit- in-

cluded four filters and had as its light source a 12.v-

spun-filament automiobile lamp.

In order to study the absorption of the: four filters,
_the output of the lead sulfide. detector was connegted
to the input of & 50-MV/cm strip.chart recorder. ‘A
motor drive was connected to the’ grating, and the spec-
trumfromOlto.'SOy.wasicanned W

Each of the four filters, mfmred-abSorlaing (IRA)-glass, -

infrared-transmitting (IRT) glass, dxdymmm ‘glass, an

-

germanium, ‘was placed, one at a time, in front of the.

- light, source and the spectruin was scanned. The -time

for each scan was 250 sec. A comparison of the inten-
sities transrmtted by the filters with theintensity of the
unfiltefed light i is shown in Fig. 1 and Fig. 2. ‘

Another éxpefiment was the study of the infrm'ed'

' absqrphon of a tinted glasy’ r‘ecommended for automo-
- . A

_ with a i
13,400 lines/inch grating are’

. ment law by varying the input voltage to the 12-V

. . 4 B

FAg 0-9b Calxbrated Grat1ng
S - Spectrometer

SINPREES

- biles with, alr-condxhomng. Flgure 3 shows ‘the transnus-

sion curves of a piece’of plate glass, 7.5 mm thick, a
plece of dutomobile tinted glass, 6.5 mm thick, and a o

" piece of Edmund Scientific €ompany heat-absorbing

glass, 7.0 mm thick.
It was interesting to. demonstrate the Wien dlsplace-

.
4 '4 : .,

transformer and observing the displacement 6f the maxi-

-mum to shorter wavelengths as_ the voltage is increased.
_'I‘hisisshowanig4 . .

T o

T 'Nnhoml Scxence Foundation Undergraduate Reseirch nnd
. Indgenhc}ent Study Participant, 1965-66.

Kay or, Am. J Phys. 34, 74-75 (1968)
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Fic. 1. The intensity of transmission of radiation from 0.1 to 3.0 i
for the infrared transmitting glass (IRT) and the infrared sbsorbe
ing glass (IRA).

1 1 1 1
0.3 ) LS 2.0 23 30
WAVELENSTH IN MICRONS

F1G. 2. The intensity of tr ission of radiation from 0.1°to 3.0 u
for didymium glass and the germanfum filter. ’

NO FILTER

PLATE GLASS (73 MM THICK)

INTENSITY

EDMUND

OLASS

L3 20 : 25 . 30
WAVELENGTH N MICRONS

Fi1&, 3. The intensity of tr ission of radiation from 0.1 to 3.0 u.
for plate glass, automobile tinted glass, and Edmund heat absorb-
plass.

INTENSITY

1] 10 L8 20 23 30
WINELENSTH IN MICRONS

F1c, 4. The intensity of radiation from the 12-V spun filament
lamp when operated at different temperatures by varying the in-
put voltage of the 12-V transformer.

0-10 HOLOGRAPHY AND LASER PHYSICS

An amazing 360° hologram (Edmund
Scientific Co. No. 71,101) may be
observed with an intense Hg lamp
with 5461°A green filter, or some
- other filter for-another Hg line.

A small motor turns the hologram
“through 360° in one minute.

0-10a

“ihlog‘ram’ " Hg. (Source
B

--0-10b" Holographic Camergﬂ.

The Gaertner holographic system
for .making holograms may be shown
to interested persons fglléwing a
class period.. See Fig 0-10b.

0-10c Laser Experimenté

Many demonstrations may be per-
formed with a laser using the kit
of materials shown in Fig 0-10c.
These include interference, dif-
fraction, a target bell, polari-
zation, . etc.

<G




0-10d Fabry-Perot & Michelson Inter-
with |

ferometer Experiments

Laser

‘'The He-Ne Laser is very useful
to demonstrate the ' interfer-
ence phenomena associated with
the Michelson and Fabry-Perot
“interferometers as shown in Fig
0-10d. A low-cost Fabry-Perot
etalon 1is described this re-
print from the AMERICAN JOUR-

NAL OF PHYSICS, Vol 36, Jan-

uary 1968. »

Low-Cost Fabry—Perot Etalon |

DESCRIPTION of fow—bogt Fabry-Perot
etalons has appeared in the literature.*
Another method is, to use surplus circular plates

Fic. 1. Ring system of mercury 5461 A line using Ed-
mund low-cost optical flat glass with aluminum coating.

of optically flat glass.® Aluminum is evaporated
- in a vacuum on the glass to produce a mirror-like

deposit through which about 10% of the incident |

light is transmitted.

A l-cm Invar spacer? was used between two
such plates to obtain the 5461 A mercury fringes
shown in Fig. 1. : : .

Joun W. Hiron
William jewell College’

1]. K. Robertson, J. Opt. Soc. Am. 9, 611 (1924).
" 2W. A. Hilton, Am. J. Phys. 30, 724 (1962).

3A. P, French anl J. H. Smith, Am. J. Phys. 33, 532 |

(1965). L

4 F. M. Phelps I1I, J. Opt. Soc. Am. 55, 203 {1965).
5 Edmund Scientific Co. Catalog 671, p. 79, Item No.
30,454, $1.50 per pair. ‘ » »
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Liberty, Missouri 64068

Fig 0-10d

0-11 FLUORESCENCE AND PHQSPHORESCENCE;
RETARDATION DEMONSTRATION

Fluorescence and ‘“wphosphor‘escence are
demonstrated with materials shown in Fig
0-11. The retardation demonstration uses
a vibrating meter stick. When viewed
with a thin transparernt film over one
eye,- the difference’ in* optical path to
each eye causes the meter stick (end) to
appear to move in an ellipse.

Vsl NS s o wer vay e -

,, Vibra‘ting Meter 1
Stick

!

Paint
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A-la

. which are stored in a movable cart

" smoke from a lighted match- is

‘'shown in Fig A-lc.

r {
ATOMIC & NUCLEAR PHYSICS

STRUCTURE OF MATTER
Brownian Motion
A small smoke chamber with

plated under a microscope. The
Brownian motion :is observed as
the air molecules, strike the
smoke particles. Also shown in
Fig A-la is a small microscope
for viewing the cubic structure
of salt (NaCl). Since these
are individual demonstrations,-
it may be better to exhibit

them as students enter or leave - ’
the classroom. . FlgﬁA-lb Crystal Lattice

Models

Crystal Lattice Models -
Several crystal lattice models

so that they can be taken easily
from one room to another, together '
with large crystals of calcite and
gquartz, are useful teaching aids..
The following models - are’ avallw
able: Tungsten, copper, magnesiumy
sodium chloride, calcium fluoridg,
calcite, cesium chloride, and dig-
mond. ( See Fig A-1b) )

Other models

Styrofoam balls and steel
ball bearings may also be
used for crystal models as

Special wooden trays hhve": _ ARRAALAANS

been built to hold both the # " e %o a e w04 4wkl
dﬂ - “'kl&&b.&."..

steel and the styrofoan

balls. (See THE PHYSICS

TEACHER, September, 1970,)

1
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ATOMIC .5 NUCLEAR PHYSICS

¥

A-2  THE ELECTRON o ; .
«* " Have Straight Fluor-

Mais ‘Lines¢ escenge

A-2a Five Properties of ‘CathBde
Rays: (1) Have mass, (2) -
-Travel- in straight lines, (3)
Fluorescence, (4) May be fo-
cused, (5) May be bent by a
magnetic field. The tubes
shown in Fig A-2a help to
demonstrate these five char-
acteristics og cathode rays.

A-2b Millikan Oil Drop Experiment |

When discussing the 0il Drop

Experiment, it ‘may help to

show . and- descrlbe the equlp-

ment for doing. this experi-
- ment, ; :

A-2c Gaseous Discharge Tube (1)

The tube shown in Fig A-2c
may bBe set up on the lecture
room desk and connected to -4
the vacuum pump under the ta-
ble. The class may then ob-
serve the Crookes dark space,
negative glow, Faraday dark
space, striat}ons, etec.

A-2d Gaseous DiSéharge Tube (2)

Some students  Jay be inter-
ested in seeing a more com-
‘ plete vacuum system in one of
the laboratéries, which in
-.addition to the one -shown in
‘the lecture room inclides a
diffusion pump, variable pow-
er supply,. McLeod Gauge,
Pirani Gauge, and a Thermo-
couple Gauge. ' : “

[

A-3  ATOMS
e

A-3a The Periodic Table

“Welch and Cenco charts are on
the lecture room wall. Stud-~
ents may want to purchase
small size- chartsg

.

! y' h Fig A-2a, Cathode Rays

neticfEield

H

,Focused Bent in, Mag-




ATOMIC & NUCLEAR PHYSICS

A-4  PHOTOELECTRIC EFFECT N

A-Ya The Photoelectric Effect (1)

Fig A-la shows an electroscope
with a piece of zinc attached.
When the electroscope is
charged negatively, light from
' the mercury source will cause
it to discharge by the photo-
‘electric effect.. The carbon
arc source may be used in
place of the mereury source.
If the electroscope is
o charged positively, the effect
6 is not observed. Likewise no
' discharge is observed if a
piece of glass is insérted be
"' tween the mégcury source and-
a negatively chgrged electro-
scope.

’ e Detector
ffect (2) ) -
. Fig A-Ub shows an alNprangement

for ringing a, bell by, pointing
a light source at- a photoelec-
tric cell..

A-4b The Photoelectric

A-lic The Photo-voltaic Effect

This is 'an arrangement for
turning on a light or a bell
using a light beam and a pho~<
to-voltaic cell.

A-4d Sound on a Light Beam

This 1is the familiar experi-
. ment of modulating a light
beam by properly placing a
lamp at the output of an amp-
lifier with a microphone or a
phono on the input. A photo
detector a few feet’ away is
sensitive to the modulated
. light, The signal is amplified
o fied and heard on a speaker.
This has also been done in our
1aboratory by modulatlng a la-
ser beam.
(By C. Don Gedlker)




A-5 ATOMIC STRUCTURE

A-5a The Thomson Model of the Atom

This "plum-pudding atom" pro-
_posed- by J. J. Thomson: is
described in H. E. White,
MODERN' COLLEGE PHYSICS, 5th
Edition, p 452, and makes a
good demonstration as an in-
troduction to the Bohr model.

4

A-5b The Bohr Model of the Atom

The apparatus shown in Fig
A-5b is helpful in explaining
the Bohr mddel of the atom.
An electric motor causes the
electrons, which are small
magnets painted with fluorescent paint,
to revolve about the nucleus. If the
lights in the room are turned off-and an
" ultraviolet light source is wused to
illuminate the "electrons," a much better
demonstration of the Bohr model of the
atom is observed. Only the "electrons®
and the "nucleus" appear to move. '

.
v

A-6  SPINNING ELECTRONS

A-6ba Larmor Precession , b
It may help to use a '"bicycle wheel"
" .gyroscope which may be mounted on a ring
.stand. The "bicycle wheel" precesses a-
round‘an axis parallel to the earth's
2 » gravitational field, in a manner similar
to a spinning electron in a magnetic
field precessing dround an axis parallel
to the magnetic induction vector B. This
is shown in Fig A-6a. “ o

A-6b TIonization Potential e .

, For small classes the apparatus shown in-

b Fig A-6b will be helpful to demonstrate
the ionization potentials of mercury and
xenon, , .

t

~92' e   , : _102f o

'ATOMIC & NUCLEAR PHYSICS
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A-7a'

A-Tb

A-Tc

A=T7d

A-7e

A-T7f

,tubes and a present-day tube. .

- X-ray room and shown the x-ray
- It consists:

X Rak

@m

c’-‘*r
As an“introduction to x rays,
it may be useful to show a

class some of the early*‘x-ray

In Fig A-7a a cold .cathode
tube is shown on the left and
a modern-ddy' CA-7 by G.E. is
shown on the right. 0ld medi-
cal and dental x-ray tubes are
in the center of the photo-
graph. '

The class may be taken to the
equipment (See Fig A-Tb).
of a G.E. XRD-1l which has been modified
to use a- G.E. CA-T7 tube. A Laue camera
is shown on the right and a powder camera

“is shown on the left. A Geiger tube de-
"tector and a camera for studying pdlari-
.zation of x rays are at the center and to

the back. On the far left is apparatus
for small angle x-ray dlffractlon.

A Demonstration Goniometer

A reflecting goniometer fdn measuring in- -

terfacial angles of crystals to within 1°
may be demonstrated to the class. Actual
use is limited to one student at a time.

-
°

Crystal Models
Crystal . lattice models useful *in the

teaching of x-ray diffraction have al-.

ready been shown in Fig A-lb. This fig-
ure shows the number and type of models
available.

Laue Photographs

from the x-ray laboratory and projected
on” an overhead projector upon the class-
room screen. : .

L ]

Powder Patterns

X-ray powder 'patterns may be "obtained
from the x-ray laboratory and projected

oh an overhead projector upon the class- |

room screen for the entire class to see.

a

S (5

L3

~Several‘Laue photographs may be obtained

ATOMIC & NUCLEAR PHYSICS

tubes

TANGER

" Cold Cathode Medical & Dental G.E.CA-7
x-ray tube,

tube

93




A-8 ELECTROMAGNETIC WAVES

A-8a Electrical Resonance °

Each of two Leyden jars is con-
nected to a rectapgular loop of
‘large wire. The two electrical
circuits are placed about ' a
foot apart and tuned to reso--
nanJé. There is a gap of about
1l cm between the wire and the
Leyden jars. When a high volt-
age from our Holtz machine is
placed across one of the cir-
cuits, a small spark wWill be
observed across the other gap
if the two circuits are tuned
to resonance.

e

o A-8b Mechanical Resonance

Two examples of mechanical re- : S
sonance are shown..One corisists Fig A-8b Mechanical
°  of two hack saw blades which . Resonance
are mounted vertically on a
flexible bar. Small weights are
attached to the upper ends of
the blades. When one blade is
set in vibration, the energy is
transferred to the other. This
process 1is repeated- several
times. : !

A small Wilberforce's pendulum
for showing mechanical ‘reso-
nance is shown in Fig A-8b: . A \ ‘
much larger one is availdble in . -
the demonstration laboratory. ' ' '

A-8c Damped Electrical Oscillator

Fig A-8c shows equipment
for demonstrating a damped
electrical oscillation. The
circuit is shown below. Tap
.the key and the damped wave
appears on the "scopg.w




A-9. VACUUM TUBES .
A-9a Diodes
. The Weldh demonstration power
‘ supply provides a convenient
method for explaining the
theory of a diode tube. With
the aid of an osecilloscope,
half-wave and full-wave rec-
tifidation and filtering may
be ‘shown: to the class.
A-9b The triode .

Q

ERIC

Aruitoxt provided by Eic:

‘shows that the electrons are repelled by the ne ely

ATOMIC & NUCLEAR PHYSICS

.

Fig A-9b shows demonstration
triode equipment. This is ex-
plained in a paper which is
reprinted from the AMERICAN
JOURNAL OF PHYSICS, Vol 23,
" pp 384-85, September, 1955.

L]

o

Demonstration Triodes:

WALLACE A, HiLTON AND GLEN T. Cun;)N
Willsam Jewell College, Liberty, Missours

) . WO tubes, a WL787" and a 6]5, are used ‘fp“demon- :
. strate some of the characteristics of a triode. Figure -

1 shows a schematic diagram of the WL787 demonstration

triode, together with two variable power supplies for grid -

and plate voltages. Three meters are used to indicate the

grid potential, the plate-current, and the plate voltage. The

fluorescent plate of the WL787 gives a visual indication of
the plate current. The plate voltage may be varied from
0-500 volts, and the grid potential may be varied from
minus 150 volts to plus 150 volts. )

The effect of the electrostatic field produceéi by the
charged grid is shown by the pattern of the fluorescence
of the plate. When the grid bias is made sufficiently nega-
tive, the plate voltage may be adjusted so that the plate
will fluoresce only between the grid wires. When ‘the plate
voltage is increased, the entire plate will fluoresce, but the
section between the grid wires will'be much brighter. This

charged grid wires, and as they approach are “fifiineled”
into -the space between them, where they, continue on to
strike the plate.

If the grid is made positive, its attraction for the elec-
trons causes them to be deviated toward the grid wires,’
and the section of the plate directly behind the wires can
be seen to be brighter.

A less expensive arrangement consists of a 6]J5 or
similar triode mounted on a metal chassis with a neon
glow lamp in the plate circuit. A heavy copper wire ex-
tending about 4 inches above the chassis is connected to
the grid of the tube. The effect of making the grid negative
ds shown by bringing the negative electrode of a battery in

10

<

F1G. 1. Schematic diagram of apparatus to demonstrate bdsic prin-
ciples of a triode by using a WL787 g? similiar triode, variaglsecpgw:r
supplies, and dc meters. )

contact with the grid. “The neon lamp stops glowing;
however, it will conduct again as soon as the battery lead
to the grid is disconnected.

When studying static electricity in the general physics

course, it is interesting to demonstrate that the glow lamp

may be extinguished by holding an ebonite rod, which

has been stroked with cat fur, a few inches from the grid .

electrode.

1A gimilar tube is used in Item 21524, W. M. Weich Scientific )

Company. Catalog (1954).

,5 . 95 -
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ATOMIC & NUCLEAR PHYSICS

A=9c - Vacuum*'Tube Receiver

The Collins 75 A-2 receiver
. (using vacuum tubes) is a-
: component of the William
Jewell Radio Interferometer,
and is shown in Fig A-9c.°® =

A-10 THE SOLID STATE

4-10a A Solid State "Fun Ciécuit"

Two boxes are used. Only. one

wire leads to each box and

» .~ only one wire 1leads out of.
each box. Switgh 1 turns on

one light. SWi€i$£? turns on

. . the other 1lig Bwitch 3

‘ turns on both 1lights. How

does it work? The schematic
is below, and uses four solid

state rectifiers.

A |

£41|

I
liovAc

A-10b Integrated Circuits

A large selection of transis-
tors and integrated circuits
is available for showing to
the introductory phy51cs(
¢classes, Fig -A-10b shows a
greatly magnified integrated
circuit taken in our labora-
tory with the Unitron metal-
lograph and microscope with

camera attachment (see Fig
z  (Q=5¢)., The chip (integrated -
circuit) was 1less- than 1
mm 1in area. :
o : Fig A-10b Integrated
Circuit, Scaler of 10
@ ’ .
96 ,
Q i ° ils?f;

:
-;h" & ..lst\unn\
1‘"
e
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A-11 FRAMES OF REFERENCE

A-1lla The PSSC 16 mm sound film "Frames
of Reference" is. a good teaching
aid for this topic. ' :

- A=-12 LASERS AND INTERFEROMETERS

A-12a  Equipment described in experi-

: ments 0-1l0c and d and Fig 0-10c
and Fig 0-10d will be helpful for. .
demonstrations on lasers and in-
terferometers. :

3

'A-13 ELECTRON OPTICS

»

»

A-13a Cathode Ray Oscilloscope *
The cathode ray oscilloscope has-
been used several times for demon-
strations (Fig A-8c and Fig A-9a);
however, to help explain its oper-
ation the electron gun from a 5BP
la cathode ray tube is helpful.

A-jgﬁ Electron Diffraction

The Welch Electron Diffraction ap-
paratus is shown in Fig A-13b. It
is used primarily as’an experiment
in the Atomic and Nuclear labora-
tory, but may be used as a demon-.
stration in an introductory phys~
ics class. Care should be taken
to keep the current at 15 ma or
less. ‘

A-13c Electron Microscope

Small groups may be. taken to see
the Electron Microscope. See Fig , ' :
A-13c. ‘ ) ' : L
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A-lu MICROWAVES RADIO, TV -

&

<

A lua S-Band and X-Band Mlcrowaves

A-15 RADIOACTIVITY

‘The equipment shown in. Fig O-
7Te, Fig 0-7f, and Fig 0-Tg

will be helpful. in explaining .

12-cm and 3=cm microwave appa-
ratus. '

¢

"A-1l8b Radio Receiveroand Transmit-

ter ‘o

Fig A-14b shows a démonstr‘a-

. tion A.M. receiver for the

regular broadcast band: 550
kHz e 1500 kHz. A low-power
demonstration A.M. transmitter

ch will -transmit ‘up to a’

distance of 50 feet is also

" shown in Fig A-14b. Two micro-

phones and a record player are
available . to modulate the
transmitter. In operation, the
receiver may be placed across
the room from the transmitter.

\

A-15a Detection\oHedioactivity

Two boxes of six different ma-
terials, some of which are ra-
dioactive, are placed én top

-of a sheet of Polaroid Type

57, Black & White, Y» x 5"
sheet film and left overnight.
The next day the film is de-
veloped (use roller) in the
classproom so0 that the students
may see which of the 12 sam-
ples are radioactive. They may
also be checked with a Geiger
counter and scaler.(Fig A-15a)

A-15b Cloud Chambers

The department has several

cloud chambers, three of which-
are shown in Fig A-15b. The |

two diffusion cloud chambers

' require dry ice. Small amounts

of dry ice may be made 1nmour
department  with the . CRC
"Frigimat" Dry Ice Maker. Care
should be used in operatlng
this equipment. »

«-

" ATOMIC &. NUCLEAR PHYSICS
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‘,Fig A-lub |Radio Receiver apd Tr




A-15c Range of Alpha Particles and
Alpha Particle Counter

The range ‘Gff alpha particle |
apparatus requireés -a dark-
room; however, the techniques.
of operation and use may be
more easily demonstrated in
-the classroom. Some students
v ‘may want to do the experiment
in a darkroom. '

The Cenco Alpha  Particle -

Counter consists of an alpha

particle source, a sparkw

chamber, and a- 5000 VDC power
S supply. The unit may be con- .
nected to a scaler for:count-
ing the number of alpha par-
ticles which ionize the air -
in the spark chamber to pro-
duce a spark. »

A-15d Half-Life Measurements

-Approximately 22 ft3 of air
per minute is passed through
~a filter which is attached to
one end of the air sampler
shown in Fig A-15d. The col-
ected radioactive dust (col-
lected on the filter paper)
is then placed under a G.M.
tube of a count-rate meter
or a "Radioassay" electro-
scope (Fig A-15d) to measure
the half-life of the mater-
ials collected; A more com-
plete descripﬁgén is given in
the following~reprint from
AMERICAN JOURNAL OF PHYSICS,
Vol 28, pp Tu#3-T44, November
1960. .

ldeasunwnenfofIIaHALﬁb'

WALLACE A. HILTON AND ROGER C. CRAWFORD
William Jewell College, L:’bmy. Missouri .

{ XPERIMENTS! for the determmatlon of half-life of
the ever present short-lwed isotopes fromt the air have

been suggested using various types of equipment :
This type of experiment may also be performed using an

:  ATOMIC & NUCLEAR PHYSICS | %

air sampler, Geiger-Mueller tube, cdunt rate meter, and a B

strip chart recorder. Approxunatcly 22 cu ft of air per min

is passed through the filter paper which is attached to one‘

end of the air sampler for about 30 min. Particles of dust,

etc., which contain the radioactive isotopes are collected

on the filter paper, which is then placed undé# the Geiger-
Mueller tube. The activity of the sample is then read on the
rate meter and a permanent record is made by the strxp
chart recorder.

Figure 1 shows a record obtamed on May 16, 1959 when

the initial rate was 850 counts/min and after about 45 min - .

o . preeewua

- Cownls prr &;..-1-
$
k ;
-k

e ,
G % 40 BT 6 W ue ; P
Tine (Hmufl.ﬂ

Fxc 1. Record of Radioactive decay, May 16 1959,

was 425 counts/min, This includes backgrou‘nd a'nd all -

radioactive isotopes collected on the filter paper.

a;;r Handley Diehl'and. C. Don Gellker. Sciencc Teacher 25. 442
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A-lB Emanation Electroscope - . -

T

7

The Welch Emanation electroscope is useful as an individual demonstra— '
tién or as a laboratory expepiment.'

ATOMIC & NUCLEAR PHYSICS

paper.
. Reprinted from AMERICAN IOURNAL oF Prysics, Vol. 29, No. 11, 789-790,
\Tovémber, 1961
' Emanation Electroscope
- ) WaLzAcE A, Huton
- ; : Willians Jewell College, Liderty, Missours

* A review written at the request of the Committee
on Apparatus of the

HE Welch Emanation electroscope! which is shown

_in Fig. 1 serves as the basis for an interesting and
instructive experiment for the measuring of the half-life
of a radioactive material.

It is small, measunng 14 in. in height and is mounted on

a wooden base 7X 10 in. It appears to be well constructed,
not too elaborate, .but attractive in appearance. No

problem in malntenanr.e or repair has been observed by the -

12 students and staff membera who used and tested this
equipment in the performance of this basic experiment on
the measurement of the half-life of the radioactive material
furnished with the unit. *;

The apparatus is based on-a design, the pnnC|ple of
which has been in use for’ several years.? The unit is made
of three metal chambers whu:h are mounted vertically.one
above another. A mlcros(;ope is mounted on the top
chamber so as to observe the deflection of the leaf of the
electroscope which is connected to a collector in the ioni-

zation chamber immediately below. Thorium -emanation .

is pumped into the jodization chamber from the storage
and filter bottles which are housed in the lower chamber
as shown in Fig. 2. A double-valved rubber bulb is used to

~pump the thorium emanation through the filter bottle and

into the middle chamber ‘where is surrounds the collector
and causes the leaf to discharge.

A 150- to 300-v battery or a regulated power supply may
be used to charge the electroscope. The 180-v output of the
Welch No. 0620K power unit has been found satisfactory.

F16. 2. Schematic drawing of the unit.

The leaf may also be charged by means of the electrostatic
charging rod which is included as a part of the unit, how-
ever it takes a little more time to get the leaf back into the
exact position for the next observation. The leaf is con-

nected to the charging potential by a contact button on .

top of the unit.

After the thorium emanation is pumped into the |on|za-
tion chamber, the rate of fall of the leaf through some
arbltrary scale distance, as’seen through the microscope,
is observed. This is repeated several times until sufficient
data are obtained to plot a decay curve and to calculate
the half-life.

The manufacturer states that the radnoactxve material
(thorium oxide) furnished with the unit is adequate for
years of use and that it causes o contamination problem

- since it has low activity and is circulated in a system that

is normally closed to the atmosphere.’

The apparatus is easy to understand and is snmplc to
operate and to maintain, It is ' recommended for use in a
basic experiment in the introductory laboratory.

1 No 619 Emanation electroscope, W. M Welch Scientific Company,
.515 Sedgwick St. Chicago 10, Ilinois. Price $60.00. ntific Company

(1;3!% T, Bambridze and J C. Street. Am. Phys, Teacher 6. 99402
&
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A-15f Half-Life of Silver

The measurement of the half-

life of silver activated by a

neutron source (Fig A-18a) 'is Fig A-16a Absorption
done in the introductory lab- of B and vy Rays.
oratory and may also be done |

as a lecture demonstration ex-
periment. )

A-16 BETA AND GAMMA RAY ABSORPTION
AND SPECTROSCOPY

A-16a Beta and Gamma Ray Absorption

. Equipment for demonstrating a, B,
and ¥y ray absorption . is ~Shown in
®» Fig A-l6a. A set of aluminum absorb-
ers is also shown.

A-16b Beta and Gamma Ray Spectroscopy

While experiments with this equipment
are usually done in the junior-level
laboratory, the equipment is located
in a corridor demonstration room and
may be shown to small groups. A NaI -

- " (Th) crystal is, used for the detec-
tion of gamma rays and an anthracene
crystal detects beta particles.

N

A-17 ~PARTICLE ACCELERATORS

A-17a Van de Graaff Machine

. . Fig A-1Ta shows two small
Van de Graaff machines which
may - be  used to demonstrate
some of the principles of -
this type accelerator.

101 -
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A-18 NEUTRON AND GAMMA RAY REACTIONS

'

A-18a Neutron Howitzer

Howitzer |
i BF; Neutron ,

A 2-curie neutron source is SQown in
Fig A-18a together with a BF3‘neu-
tron defector, scaler and ratemeter
for measuring the neutron flux with-
in the neutron howitzer. Care should

. be used when moving the howitzer in-
to the lecture room. The neutron
source is used for several experi-
ments in the introductory and inter-

' mediate laboratories.

- A-18b Radiation Detectors

Fig A-18b shows a Baird-Atomic Model

415 Survey Meter which will detect

alpha, beta, and gamma radiation.

Also shown is a Baird-Atomic Model

SN-87 Slow Neutron Monitor. These -
» detectors may be used with the neu-
tron howitzer. '

A-18¢ Half-Life of Radloactlve Silver

A silver half—dollar placed near the
neutron source becomes radioactive. -
Half-life measurements may be made
as in Experiment A-15f.

A-18d ‘Radioactive Plate Source

Several years ago red ""Fiesta"
plates could be purchased at many
' stores. One such plate and a salt
shaker are shown in Fig A-18d. Acti-
v1ty may be checked using a Geiger
counter (see Experiment A-16a).




A-19

A-19a

A-19Db

. 1 N

A-20a

A-2la

4

_MOSSBAUER EFFECT AND NUCLEAR

Perot,

‘The spectrometer is to the left of the

ATOMIC & NUCLEAR PHYSICS

MAGNETIC RESONANCE

Mossbauer Effect

This has been an independent
study project; however, (the
equipment .is available for
demonstration purposes.

Nuclear Maghetic'ﬂesonance

This equipment is prfﬁarily
for independent study and re-
search by .physies majors;
however, it may be shown to
small groups.

-

ZEEMAN EFFECT’

This experiment is set up
once each year in the Opties .
Laboratory, at which time it - (&
may be demonstrated to.small
groups. Fig A-20a shows the Fabry-
the magnet and light source .
and the magnet power supply.

(neon), -

Fabry-Perot but not shown in the pho-
tograph.

THE ATOMIC NUCLEUS -

The Welich Rutherford Scattering exper-
iment is done in a sophomore labora-
tory, but it may be demonstrated in
the classroom as an 1ntroductlon to
the experiment.

103
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A-22  REACTOR PHYSICS

. Fig A-22a The Ray-Actor

-

A-22a The Ray-Actor

Fig A-22a shows an Atomic
Laboratories Ray-Actor which
is an electronic device in
which the electronic circuit
parameters are substituted
for those -encountered when
operating a nuclear reactor.
It has not worked very well;
héwever, §¥it may have value
) in some &mall classes when -
lhysics is being

A-23 LEMENTARY PARTICLES

A-23a Nuclear Emulsion Plates

We have several nuclear emul-
~ - silon plates which have been
exposed to radiation at
Brookhaven National Labora-
tory. When these plates are
placed under a microscope
photographic-emulsion stars
may - be observed. Fig .A-23a
is a photographic-Emulsion
star taken with our Unitron
* microscope., See Fig 0-5c.

- oL 3 : .
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