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FOREWORD

In the spring of 1963, the State Education Department
convened a meeting of an overall Science Advisory Committee
for the purpose of initiating revisions in its courses in
science. The membership of the committee included repre-
sentatives frem the. secondary and collegiate levels, from
industry, and from research institutions. The function of
this committee was to establish guldullnes which would serve
to aid the specific syllabus revision committees in their
task of updating the various syllabuses in the light of

recent developments in society, science,and science education.

Major recommendations of the Science Advisory
Committee included: {1) that the present science courses be
brought up-to-date in the light of recent developments in the
field of science, (2) that a greater empha51s be placed on
the understanding and ccncepts involved in the partlcular
subject matter areas, and (3) that attention be given to
coordinating the laboratory with the content aspects of each

course.

After the Science Advisory Committee made its
recommendations, the Physics Revision Committee met to
specify the content of the physics course. The committee
included members from different geggraphlg areas of the
State who had experience with various approaches to the
teachlng of physics. The members of the committee were:

- William Atherton, Niskayuna ngh School
John H. Dodge, Irandequo;t High School .
‘George Kanstroom, Richmond Hill High School
Robert L. Lehrman, Roslyn High School
Thomas D Miner, Garden Clty F1gh Schacl

, =]fDr LllffDId Swartz, State Un1v3151ty at St@ney Brgnk
- Dr. Alexander Taffel Brcnx High Schacl of Sclence '

D4r1ng the 1963 64 schggl year four experlmental units -
_constituting the basic core of the new physics syllabus
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schools across the State, The results of a testing
program and the criticisms of participating teachers
were used in preparing the first (1964) revision which
was a complete syllabus containing both core and
extended areas.

Throughout the development of this course,
participating teachers played a vital role in the
evaluation and refinement of the Syllabus. An extensive
evaluation by participating teachers was an essential
part of the program, Examinations which were
adninistered and analyzed supplied further evidence as
to the applicability of the materials,

During the years since the inception of this
project many people have contributed significantly to
its development. Mr. Atherton and Allister W. Crandall,
Pulask1 ngh Schoal prepared the orlglnal core unlts

Develapmenti
 The 1964 editian was prepared by a WTiting tean

&chool “and Louis Landecker annx ngh Schaol of

Science Many of the suggestions forwarded to the Depart-
ment by the New York City Physics Syllabus Committee,
consisting of Herman Gewirtz, Chairman of Physical Science,
Abraham Lincoln High School; Simon Weissman, Chairman of
Physical Science, Midwood ngh School; Harvey Pollack,
Forest Hills ngh School; and Charles Hellman, Bronx High
School of Science; were used in augmenting the original
core units. The 1964 edition of the syllabus was
reviewed by Dr, Luther Andrews, Professor of Physics at

" the. State University of New York at Albany and a
‘member of the Science Advisory Committee.

Hugh
Templeton, Chief of the Bureau of Science Educatlan,‘
acted as ccnsultant throughout the project.



The modifications included in the 1965 and final
editions were, in large part, recommended by participating
teachers and approved by the revision committee.

Sigmund Abeles, Associate in Science Education,
coordinated the revision of the syllabus. Robert G,
MacGregor, Associate in Science Education, reviewed the
manuscript and made valuable suggestions. A review of
content accuracy was made by Dr. W. M. Schwarz, Professor
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of Physics at Union College, Robert F, Zimmerman,
Associate in Secondary Curriculum,prepared the final
copy for publication, '

Gordon E, Van Hooft, Chief
Bureau of Secondary
Currieulum Development

H. Gecrge'Murphyi
Director, Divisicn of Schocl Supervision



Introduction

Aims and Content of the Physics Course

This course presents a modern view of physics with

major emphes;s placed on the fundamental concepts underlying
The syllabus is designed to -encourage ™
the utilization of such basic concepts as the conservation of
energy, the conservation of momertum, and the ‘conservation {

this basic science.

of charge in related areas rather than in isolation. This
approach tends to foster an appreetetlen for the unity of
physics. As a result, the syllabus is presented in such a
way as to.show the importance of these ideas as unifying

eeneepte which can be repeatedly epplled threugheut the ;

course.

The objectives of the course in phyeles should extend
beyend a m;ntmel eemprehen51en ef the basic facts and

bellefs and eplniens efter eareful welghlng ef new
evidence, and the development of the habit of critical
thinking are the intangible but most important outcomes of
the study of this science. These methods of thought and

- action will remain long after many egee1f1e detalls ef
feubjeet matter ere fergetten..

o

The tremendeus ee;ent1f1e edvenees w1th1n the pest 25

f~yeers have created a critical:shortage of skilled technicians,
"fsetent;sts ‘and engineers.. At -all.levels of: eblltty, there

s an increasing demand for werkers w1th more’ trainlng and
_ ;understandlngref 0 phye1eal werl”

”he ePpIee;atlen of -

“adequate coverage of |
.proposed. syllabus. has

'eﬂmelntenenee of eut f,phys;eal Prlnelplee m

toward a State Diploma
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toward a State Diploma.

Sequence and Scheduling

One of the major problems in constructing a syllabus
for a one-year course in physics is to provide a broad
general understanding of the fundamental principles of
the basic area of physics and, at the same time, to
achieve an extension: of understandlng in at- least
some of these areas. Limitation of time precludes this
extension in all areas, while teacher training and
preference dictate the areas of choice in a particular
school.

In an attempt to introduce some degree of fIEX1b111ty,

in the. course, and at the same time provide for an

adequate coverage of basic areas, the content of the
proposed syllabus has been kept to a minimum, - It
consists of a basic core section and four optlonal

extended areas

The minimam PEQHZ“QMEHts of the course include the
basec eore, and any tua af the fbur estended areas..

The order of presentation used in the syllabus

‘1nd1cates one. of several possible teaching sequences.

Any sequence ‘that presents a logical development of
phys1ca1 prlnclples may be Follnwed -

The successfﬁl CGEPIEthn of nhVS1cs usually requlres

5511ghtly'more maturity and underst andlng of mathematlcal .

- concepts than.does. chemistry.. . It-is, “therefore,
.+ recommenided that phy51cs be: p]aced at the top -of the
~ science ‘sequence, ~While chemistry is not a prerequ1s;te,*

:'f§5.

. ~if students are to take both- chemlstry and physics, .~

'f.;;normally they should be:. atﬂdlEd in that order,. However

qvfan exception may be: made Eh '
;aw1th above-average ablllty,
;who are comtemplatlng careers in eng1n63TJHg; mathematlcs,

‘the case' of boys and girls
~mathemat1c5 and science

o



or science. If these pupils elect physics in grade 11, they
may be better prepared to compete for scholarships since many
of the examinations for scholarships are given early in the
12th year. This plan also makes it possible for schools to
offer an elective course in advanced physics in the 12th
year or a college-level course for advanced standing. A
second year in physics, however, is not recommended at the
expense of a Regents course in chemistry.

The minimum time required for this course is six
45-minute periods per week, although seven periods are

recommended. This time allotment should include a double
laboratory period each week.

Teachers are encouraged to set their own time allotments

- based on student interest and achlevement and their own

teaching experience.

The guide below may help to establish a basic frame
of reference for the course: :

Cq;gﬁArea gxtegﬁgd Area
Mechanics 10 weeks 2 weeks
Waves - 7 weeks 1 week
Electricity - .8 weeks 1 week
Atomic and thlear Physlcs 4 weeks -1 week

Ergrquisitesfu

E'Nihtﬁ'féaf{mathématlcs - course 1 (algeb“a) is a -
prerequisite  for physics. It is strongly recommended that
pupils. sucsessfully complete Mathematics 10.before being

enrolled .in’ the: physics course. - Application of. mathematlcal
skills. is stressed frequently in this syllabus. Some of

"thls materlal w;ll have been developed Prev;ously 1n eaurses.

':have bEE’fstudied prEV1gusly may be undertaken as a- un1t at '

‘»ﬁthe beglnnlng of the cnurse or may be 1ntradueed w1th e

-
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A physics laboratoiy "exercise" is defined as the
laboratory work done by the pupil during one school
period. In addition, a satisfactory report of this work
is reqnired The minimum labnratory reqnirement can be

labnratorf perlnds. Hnwever many of the expnriences
recommended for laboratory wnrk in the physics course
require two or more periods for completion, Therefore,
the minimum requirement may also be met by 30 periods
involving a smaller number of experiments. This is not
intended to permit the student to spread what is
ordinarily a nne—period enercisa.nver two or more periods.

Drgan;zatlnn nf the Syllabns

The materlal in the syllabus is nrganlzed under

- three major headings:

- Topics. This column cnntains the tnp;cal outllne.
prlcs preceded by an asterlsk * _ st be treated
areas are enclased in bnxes in all three cnlumns

- Aboxed asterisk B indicates that the topic is to
_.be treated qualitatively in the core and qnant;tat1VE1y
.. in the extended area, =

-~ Understandings and- Fundamental ConcePts. ThlS

- column-outlines; the basic ‘concepts ‘of the course, *

o Thuse cnncepts whlch are: baxed are. requlred fmr the

Ime “This. cclumn lnclndes
- some additional information and explanation.of the
basic concepts. Statements which delimit the -
material subject to examination, and spgenfie
suggestions to tgaehers ane prnntgd in ztnlzes in

-au:Snpplementany Informatlnn

;"dfhlthzs galumn .

'*QnZy ths nnnespts in thns anlnmn are. subgsnt te ,
testzng nn pmrts I'and IT sf the Régénts émamnnatzang.



The Relation of the Physics Syllabua to the Regents
Examlnatlan

The Regents examination in physics will have two

major parts. Part I will consist of questions based only
on the basic core, and part II questions:will consist of
items from the basic core and the extended areas. Since
there are four extended areas, there will be four part II
questions. The Regefts examination will be constricted so
that part I will account for 70% of the score and part II
for 30%. ALl students taking the examination ehould answer

all of the questions in part I and two of the fbur
alternative extended areas on part II. ,

System of Units

In recent years the MKSA system (meter, kilcgram,
second, ampere) has found increased use in many science

courses, particularly in physics. As a result this syllabqu"

makes use of it. The

meter, the kilogram, t
degree Kelvin. These

Systéme International

Eleventh General Confe
in October, 1960.*

Regents examinati
the five fundamental u
the appropriate derive
volt, etc,) as defined
syllabus. While exami
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‘-Changaa in Syllabus

necessary will be brou

- principals by means of

Department.

2
g
it
3
-
Al
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3

- There is. littla value in haV1ng studants ramambar;;ha axaat-dailnlticna af,tha.fﬁndam

‘be aware Df tha1r arbltrary natura

R.°D. Huntccn dlractor of the- Inatltuta fcr Bas;c Stardards of tha National Buraau 0
March 1966 issue of The Physice Teacher, " within the next few decades the number of
an 1ndapandant baais may possibly dacraaaa to thrae but we ahall prabably ccntinue t

viio o

quantltles as tha base af our systam L R

£

The alxth fundamental un1t ;n Sl 15 tha candala (cd), a unit of lumlnaua 1ntanalty
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(SA system (meter, kilogram,
ncreased use in many science
1ysics. ~As a result this syllabus

makes use of it. The fundamental units used are the
meter, the kilogram, the second, the ampere, and the
degree Kelvin, These are five of the six units in the

- Systéme International .des Unités (S.1.) adopted at the
" Eleventh General Conference on Weights and Measures

in October, 1960.*

Regents examination questions will be in terms of
the -five fundamental mits mentioned above and
the appropriate derived units (e.g., newton, joule,
volt, etc.) as defined at appropriate points in the
syllabus. While examination questions will be confined
to these units, tha use of other systems (e.g., CGS and
FPS) in class and laboratory is encouraged.

' Changes in Syllabus

-Corrections or changes in the syllabus that becume

necessary will be brought to-the attention of 'school-

principals by means of supervisory letters from the
Department.

it 1n SI 15 the candela (cd), a un;t nf lumlncus 1nten51ty

hav1ng students'remember the exact def;nltluns of the fundamental unlts yet they shculd
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i _ BAS%% MATHEMAICAL SKILLS

Z

Several mathematical skills and related concepts are
continually used throughout the physics syllabus. A
consistent emphasis on these basic skills and concepts is sig
recommended. - sig
Measurement | o | .
— — : : sig
, . 7 fic
Measurement is a comparison of an unknown quantity
with a known quantity. All physical measurements ate
subject to errors. = : ‘ - onl
| SR ERSERE = thd
Exrors may be due to the method used, environmental twWa
fluctuation, instrumental limitations, and personal error. 18.

Systematic errors tend to be in one direction. Random
errors tend to fluctuate in both directions. The random
error may be reduced by increasing the number of observations.--

Signifi;gpt:figurgsr

Significant figures are digits which indicate the
reasonably certain number of digits in a measured quantity.
‘In mathematical operations involving significant figures,
the answer should not contain more 51gn1flcant figures’ than
the least number Df signiflcant figures in the grlglnal
quantitles. SRR = SR

A 51gn1flcant flgure is cne which is knnwn to be o
kireasgnably reliable. In’ ezpress;ng -the results ‘a
_ measurement, one estlmated flgure is- CGHSLdETEd o o
"nificant; for example, in measurlng temperature, if the
" thermometer: is calibrated:in degrées, ‘thereading may" be -

estlmated ta the tEﬁth Gf a degree. “In this case,: 1ﬂrthE' 

sy .

Lot .

A :
.
-,
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eignrfreent figuree. The nunber 0,083 contains W

significant figures.

~ Zeros which appear between mumbers are always
The number 803 contains three signi-
ficant fignresi

Zeree whreh appear after a numher are significant
only (1) if followed by a a decimal point, or (2) if to
the right of a decimal point. The number 1800 contains
two significant figures, but the numbers 1800, and
18.00 contain four significant figures.

- For whole numbers. ending in two or more zeros
there is no way of indicating that some, but not all,
of the zeros are significant; for example, the

number 186,000 would indicate three significant figures

if no decimal point is expressed and six significant
figures if the decimal point is expressed, There is.
no way of indicating its accuracy to four or five
significant figures except by the use of standard

notation,

The fellowrng rulee wrll eseret puprle when -

- When the numher drepped is less then 5 the pre--

L "_1eed1ng number remains. unehenged for eremple 5.3634
Loto three srgnirre_?n"

'frguree beeemee 5 36

dropped‘re 5 or more, the 1__1”
creased by 1; ‘for exemple
ficant- frgures heeomes 2,42,

When the nlthfi

41/9 tn three srgnr

) eddrng or suhtreetrng, the enewer sheuld he -




rounded off to contain the least. aacurately kncwn figure
as the final one; for example, SR

Add o - Subtract

32.6 © 531.46
431.33 | 86.3
6144,212 |

445,16 = 445,2

5608 142 = €608, l

When multlplylng or leld;ngg the answep should be
rounded off to contain only as many 51gn1f1cant figures

‘as are contained in the least accurate number- for example,.

R

When addlng, subtractlng, multlplylng, or dlvldlng,

"~numbers ‘may be. rounded off to: one more than the number of

1 slgnlflcant flgures t@ be caprled in the answer befare the

‘ 'qu;;;;fgg ggémple;}5

2.2 %10
_ 'S}é x 10
6.0 % 10
. 6.0x 10°
""'-Eégo x 10°

. Numbers expresse
.. .or subtracted or

in A are signifi
by counting the
If the decimal w
If it was moved
example 186,000
becomes 5.20 x 1
possible to indi

figures. For ex
known to four si

ertten l 860 x

Multlpllcat
To multiply or d

‘multiply or divi.

obtain the new v.
number of signif

" add op subtract ;

value of n. Adj
more or less tha

the decimal poin

2.2 % 10" x 3.01
% 3.0
x 3,01
3.0
3.0
5;0_

o m L
II -

' Addltlan ard




ast accurately known figure

EH

Subtract

531.46
_86.3

445,16 = 445.2

dlng, the answer should be
5 many algnlflaant figures
- accurate number; for example,

- Divide

al—zm
2.39 2.4
2.13/ 5.1000
4,26
T840
639
2010

-, multiplying, or dividing,
y one more than the number of -

ried in the answer. bafaaa tha‘

for aaampla,
P 8 -

: or aapaaaatial natatian)

1 ba uaad ta lnleEtE tha
3 and ta faallltata matha-
3 and amall numbafa

aSEd in aha fdrm A X 10 Pé%Lf»x-

e dlglt to the left:of. tha
tagar-

e ‘

2,210 x 3.001 % 107 =
2.2 % 10 4

6.0 % 10°
C . 6.0'x lD
©3.0%10 % 6. 0 X 105

if ,far aaampla, 5% 103 4.2 x40

,ﬁ?xm.
" different powers’of ‘10, then tha pdwara muat ba

All af tha diglta :ﬁ.;dfaquallaad.]

u:,o

in A are algnlflcaat The value of n- 1is determined -

by counting the number of places the decimal was. mavadi
If the decimal was moved to the left, n is positive.

If it was moved to the right, n is negative. For

example 186,000 becomes 1.86 x 10°, and 0.0000520
becomes 5.20 X 10 5 In standard natatlan it is
possible to lndlaata any- desired number of algnlflaant
figures.’ ' For example, if the figure 186,000 were

known to four significant flgUPES it wauld be

written 1.880 x 105

Multlpllcataan and lelalan in ataadard notation:
To multiply or-divide numbers in standard notation,

‘multiply or divide the algnifacant figure factors to

obtain the new value of-A, retaining the correct
nunber of significant figures: (opposite col), and

‘add o subtract the powers of 10 to obtain the new

value of n. Adjust the decimal point if the new A has
more or less than one non-zero digit to the left of
the decimal point. - Examples:

asglf
2 2
x3.00x10°26.6%107°
aaalam mal§ 8

l 8 x lO
8.0% 102 2.0% 193 |
3 0 X ‘D

6. D X. 10

2 =2, 0 X lO
ol D 50 X 10

Mmmm

3-u5.0”a”1o‘”"'

Ada;tlﬂn and Subtraataan in Standard Natatlan*»"

~ Numbers, axpraaaad in standard notation can be added =~
cor aubtraatad anly if ‘the pawara Df lD are- tha aama, o

,a (5 + 2) X 10

3 If tha numbara ta ba added ar subtracted hava;{;d

~For axampla,



2 x 10° + 3 x 1@3 = 2 % 102 + 30 x 10% = 32 x 10°

3,2 x 103

@;ﬁlpulatlaﬂ of Gnits

Tn mathematlcal maﬁlpulatlans, unlts behave like
algebraic quantities. In any physical eqpatlcn thé '
units Dn each s;de must be- equivalent.’

ﬂathematical Funefians*

Graphs may be used to illustrate mathematlcal funet;ans.
Students shauld be able to. F%ﬂﬂgﬂlZE, interpret, and
use mathematlcal EKEPESS;EEE anﬁ graphs representlng
(l) dlreatlcn 11near relatlanss y.= = kxi: (2) direct second

degfee relatlans y = kng (3) 1nverse flrst d3§rae
2k,
%,

' k
relat;pnssay = aﬂd (4) ;nverse sqpare relatlénsg Y'ﬁ ~5
R , JoTIETEE mRe Ty

A proportionality represents a ratio, and can be




0%=2x20% #3205 20% =92 % 10 =

' Units

tical manipulations, units behave like
ities. In-any physical equation the
ide must be equlvelent.

LﬂthéﬂS

be ueed to llluetrete methemetleel funetlene. :
~ indicate thE1P uneeetelnty

l expre551ene end grephe repreeentlng
inear relatlene, ¥.5 kej, (?) direct eeeend

y y 2 ke ; (3) 1nveree flret degree

is and (4) lnveree equere reletlene Y = *—4i'

.enelity represents a ratio, and can be

written as an equation by inserting the proper
proportionality constant.

Care should be taken to associate the proper
units with the proportionality constant.

Graphs should be used to illustrate physical

relationships. A line representing the relationship

should be smooth and probably will not pass through
all measured points. Points eheuld be circled to

The ability to edd and subtract veetere eheuld
be developed. : ‘

The Slide Rule

The use of slide rules should be eneeureged;
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~-Topics which are boxed are required of-those selecting Wave Phenomena as al




_ TOPICAL OUTLINE (continued)
~ HAVE PHENOMENA

nge Page

IS wr e a. Censtruc§iveiinterference -
R v . b. Destructive interference

rgy L o 2, Two sources in phase :

cdic waves: o 3. Standing waves: .. S g

naterial-medium . a. Reflection L ]

1 and transmission :

25 *A, Speed

tion o 1. In space

waves o R 2, In a material medium

ves S B. Reflection

on - . - 1. Law of reflection .

f waves 2. Regular reflection

ics of Periodic Waves ............. 16 . 3. Ditfuse reflection . :
C. Refraction . , :
%11, Index of refraction
(*12, Critical angle .

‘3. Total internal reflection = . . :
4, Dispersion : h
D. Lenses :
, 1. Converging lens

jum 1 - _a, Inages 3

dium . : , [iy Size and dlstance of 1mages

 medium . - S 2. Diverging lenses -

- E. Wave nature of light
o 1, Interference of light
- o L S Caherent sources

R | E o Ssml SpATLAL LS s

¢. Single siitf
d. Resolution . [ ... .. ..
e, Thin films . SRR
2. Transverse nature nf 11ght .
F. Electromagnetic radiation
. , 1. Electromagnetic. spectrum -
raction - . - 2. Sources of electromagnetlc radlatlon
S N ‘ ~a. Continuous spectra
b, Line spectra s

3 Dappler Effect

-are reQuifed'Qf*thdsE%selecting Wave Phenamenayas.an eéxtended a:ga. e

TR bt e g




TDFICAL CUTLINE (contin

ELECTRICITY
B ' Page
I. Static Electricity ..iv.vtviveeeiviossenseocnsssnnsasas 27 *3,
e, e *4,
A. Microstructure of matter : | *5.
B. Charged objects . . ' %6,
C. Transfer of charges o
1. Conservation of charge , . III. Magnet
2. Separation of charge by contact
3. Conduction : : A. Mag:
4, Induction e o ; B. Mag
D. Elementary charges LT 1.
~ E. Quantity of charge e o 2.
*|F. Coulomb's law : ‘ - 3.
*1G. Electric fields
1. Field around a point charge 4.
2. Field around a uniformly charged: red ' \ 5.
3. Field between two perellel eherged plates 6.
4. Electric potential =~ =~ - . C. For
H. Potential difference ' o mag
*1, The volt o ' | D. Forx
*2, The electron volt L S E. Mag
ES, Electric - field in terms of electric petent;el ’ - [Fh.
I. Granular nature efreherge The Millikan experiment. 2.
IT. BL1ECETIiC CUTTENE +vevvrrrrereesansessasresavossnenseses 32 F. Mag
, , L A } T | e 1.
A. Conductivity in solids | :
- B. Conductivity in liquids =~ . : IV. Elect
C. Conductivity in gases o — i
~D. Conditions necessary for a eurrent g : g‘ léa
© . . b, Le
E. Unit of current LR 7 | -
~ F. Resistance . Co T _
1. Unit of resistance . : o - V. Elects

2. Res;etenee in eenduetere T : 7vI7 é,
*3. Ohm's law’ v - B VI. El
4, Temperature : _ A.

G. Conservation of eharge end energy S _ B. El
in electric circuits ~ Lo . C.
D

1. Censervatien of eherge | N
2, Ceneefvet;en of energy. . . E. Ma

@ plee whieh are bexed are requlred of theee eeleet;ng Eleetr;e;ty as an




of matter
5
arges
n of charge
of charge by contact

rges
arge

5

d'a point charge

d a uniformly charged red

en two parallel charged plates
tential = :

erence

n volt

eld in termsrbf electrlc potentlal

X3 charge "The Millikan experiment.

1 solids
1 liquids

1 gases
essary for a current
t .

istance .
in conductors

f charge and energy
reuits A
1 of charge

1-0f energy

=t
3

. 32

TOPICAL QUTLINE (continued)

ELECTRICITY
Page Page
vor 27 *3, Series circuits -
*#4, Parallel circuits
*5. Electric power -
*6. Electric energy and heat
III. Magnetism vivuviviinniinnsnninisaniinannnsnnsns 37
A, Magnetic force
B. Magnetic field

1. Direction - -
2. Magnetic flux llnes
3. Flux density
a. Permeability
4. Magnetic field around a stralght conductor
5, Magnetic field around a lnop

. Force on a current-carrying “conductor ina

- magnetic field

U\

. Force between two straight parallel ccnductcrs

E, Magnetic effects of moving charges -
Ejl Force on a moving charge :

F.

.A
B,

=

2. Force on a loop or:solenoid

a, The galvanometer .
Magnetic nature of matter' .
1, Field araund a permanent magnet~--’

Magnltude of an 1nduced ElPEtIQMDthE force
‘Generator prlnclple L \

. Electramagnetlc Radlatlﬂn ..,!.;,:(;.}.,,.;,..... 42

et
i
1
—
D
el
Ll
L]
[=]
=
-w
E
0
T
L

A

UU‘

C
D.
E

Thermlonlc em1551an

. Electron beams in an electric. f;eld
Ccntral of electrnn beams >
Charge to- mass ratio

Mass. of the electrnn i DT

x_iié




- TOPICAL OUTLINE (co
ATOMIC AND NUCLEAR P

Page
I. Dual Nature of Light .....uiiiiiinnneeinenenrenneenns 45 *B.,
A. Wave phenomena ¢
B. Particle phenomena * : ,
1. Photoelectric effect ' V. Th
I1. The Quantum Theory vvreiiiiiiiiieninns s veinnnnnnne.. 46

A. The quantum
*1. Planck's constant
B. Explanation of the phctaelectrlc effect
1. Pheton :
*2. Photoelectric equatien
a. Threshold frequency L
C. Photon-particle collisions = ' = —_—
" 1. Photon momentum \ ’
D. Matter waves

=i
-
o]
=
o]
o
L]
—
[+
=]
Hh
k.
=
m
@
g
=
BN
Lo

A. The Rutherford model .of the atom
1. The alpha particle _
2. Alpha particle scattering |
3. Trajectories of alpha partlcles'

4 Scatteriﬁg and atamic number

‘ 5 Dimensions Gf atamla nuc131 :
B. The Bohr model of the hydrcgen atom
- 1. Bohr's assumptions . .. o
2. Energy levels |
| a. Ground state =
b. Ionization Potential
Si Standing waves

IV, Atamlc Spectra .;._...‘;;?,;;;;;.iQ...{.;,,l...;....., 51 L;”_,77’

©ORA, Excitat;an and. emission

s Topics‘Whigh”are'béxéd are feﬁﬁiréd£éfithasé¢5éiectiﬁg,Atcmi@iand Nuc




mena
phenomena - .

lectric effect

thQIY !liiji!lliili‘l!l!llirgviii!‘i!;i!iiii! 46

m
s constant :
n of the thtceleetrle effect

ectric equetlen
shold frequency
'ticle collisions
momentum

es

ford model .of the atom
ha particle .
article scattering -
ories of elphe pertleles

lng “and etemle number

ons of atemlc Duclél
odel of the hvdregen atom
assumptmne D ;
levels

nd state :
zation Potential = -

g waves '

TOPICAL OUTLINE {continued)
ATOMIC AND NUCLEAK PHYSICS

Page

*B,

Absorption spectra |

C.

Ai
. Accelerators

=y o

[ B B v |

The hydrogen spectrum
1. Balmer series

e 52
Obeeevetienel tools '

Nucleons

. Atomic number

Mass number

. Nuclear force
. Nuclear mass and binding energy
H.

Ieetopee

A RN R RN R R N N NN N E AR R R RN

VI Nuclear Reectlens ii;i;,ig.i-;a;...!a...r.i. 54

A,

_*B
- C.
D.

E,
F.

G,

Natural redieeetivity

1. Alpha decay

2, Beta decay

3. Gamma radlet;en

Half life - BER

The atomic mass unit -
Mass-energy reletlenshlp

1 Censervat;en ef mass-energy

Induced (ertlf1c1elj transmutetlen ‘

1 Beta decay BTN g
. The neutron

Nueleer flSSlOﬂ _

1, Thevmal neutrene

2. Moderators

Fusion

and emission

boxed are required ef these seleetlng Atem1euend Nuclear Phy51ee as an extended eree;ii"'e

\‘1

' _:xiy_.

'"TV:IEi‘gﬂf?wfjeflﬂf-:{;;




I.

Topics

.Kinematics

‘Ai Linear

motion

1. Distance
and
displacement

a. The meter

%2, Velocity
and speed

- MECHANICS

Understandings and Fundamental Concepts

‘Kine.atics deals with the mathematical

methods of describing motion without
regard to the forces which produce it.

in terms of its velac;ty and acceler-

ation.

' Distance is a scalar quantity that

represents the length of a path
from one point to another.

Dlsplacement is a vector quant1ty

.that represents the length and direc-

tion of a. stra;ght line path from one
point’ to another between which motion
of an object has taken place.

Thé;mEtér is the MKS unit of length.
It is a fundamental unit. '

“Velocity is a vector quaﬁtlty which

represents the time-rate: cf change

_=Df dlsplaEEmEﬂt

Speed is a’ scalar quantlty ‘that.

jrepresents the magnltude of the

velaclty

"Whenever n

Minimum re.
accelerati.
or finally
Motion is

The distin:

or scalar

Total disp

The concep

The meter |



MECHANICS

Understandings and Fundamental Concepts

Kinematics deals with the mathematical
methods of describing motion without
regard to the forces which produce it.

The motion of a body may be described
in terms of its velocity and acceler-

ation.

Distance is a scalar quantity that
represents the length of a path

from one point to another.

Displacement is a vector quantity

that represents. the length and direc-
‘tion of a straight line path from one
point' to another between which motion

of an object has taken place.

R Théfmeter is thé MKS ﬁnit of length.

Velocity is a vector quantity which
represents the time-rate of change

_.of dlsplaﬂement

‘Speed is a scalar quantity ‘that
represeiits the magnitude of the

~ velocity.

Supplementary Information

Miniman ﬂequ%rgménts are limited to motion with conetant
aceeleration in a linear path, and to bodies initially
or finally at rest.

Motion is relative to a given frame of reference,

The distinction between scalars and vectors should be
stressed,

*Whenever new quantltles are introduced their vector

or scalar nature should be stressed.

Total displacement is a vector sum.

‘The concept of fundamental units should be introduced.

in a vacuum of the arange red llne in the Spectrum

”of krypton 86+

Mintmim quantztatzﬂa requtrémgnts are the abzlity to-
recognize, interpret, and use graphs of distance
versus time and to apply thg Pelatﬁd squatmans



Topics, .~ Understandings and Fundamental Concepts.

The relation o
developed grap
should be plot

Show that-f
speed).

If the speed 1i.
the distance-t:
instantaneous .

 Mathematical fi
equations may |
‘the fundamenta.
physics.

a. The . The second is the MKS unit of time. The second is 1
second It is a fundamental unit. - of the cesium :

- 6 parts in 101

times more acc

formerly in usi

International

October 8, 196-

that Tepresents the time-rate of recognize, inte
'change in velaclty y o tzmg; aﬂd to az

*3, Acceleration  Acceleration is a vector quantity Minimm quantis

- .The IElatlQn 0]
':,gragh;cally

Show that the !
. when the accels

17




Understandings and Fundamental Cnneepts . . Supplementary Information

The relation of PDSltan versus time should be -
developed graphically., The independent verleb]e (tlme)
should be plotted on the.horizontal axis, . .. -

Show that Sy v, if the slope is nnnstent (constant
speed) .

If the speed is ehanglng, the elnpe of the tangent to
the distance-time curve at any point represents the
instantaneous speed at that point.

Mathematical functions such as first and second degree
equations may be introduced-as a means of emphasizing
the fundamental reletlnneh;p between mathematics and

physics. .
The second is the MKS unit of time, ~ The eeennd is now defined as 9,192,631,770 vibrations
It is a fundamental unit. of the cesium atom, This measurement is accurate to

- 6 parts in 1012 or 1 second in 5000 years and is 200
times more accurate than the astronomical definition
formerly in use. This value was adopted by the
International Committee on Weights and Measures on
October 8; 1964 at 1725 hr.LPerls time,

Acceleration is a vector quantity Minimm quantttattne nequtnemente are the ability te
that represents the time-rate of - recognize, interpret, and use graphs of speed versus
change in velne;ty AN time, and to apply the reZated equations.

~ The relation of epeed to time ehnuld be developed
;‘grephltelly

Show that the slepe ef the epeed-tlme curve = i%?- a,
. when: the eceeleretlon is. constant,




*4,

*5.

II. Force

Topics

Distance
traveled by
a uniformly
accelerating
object

Freely-
falling
objects

*A, G@mpésitian of
forces -

Underst.andings ang Fundamental Concepts

The distance traveled by a uniformly

‘accelerating object is equal tc the

product of the average speed and the
elapsed time.

The distance traveled by an object
accelerating uniformly from rest is
proportional to the square of the
time.

Freely-falling objects may be con-

sidered as examples of objects with
constant acceleration,

A force is a vector quantity that
may be défined as a push or pull.

:ngrces may aat upgn an gbject through .
space.

The resuitant of two or more con-

‘current forces acting on a body is
- _the single force producing the same
 effect.
by the vector addition of the indi-
--V1dual fgrces : :

The resultant may be found

S 4 | -k vk "

‘'Forces may
'magh,tlg, 1]

 of the for
_the cancep'

.'Determlnat'
~graphical

' solutions
of 0% or 1

t'ﬁ
-

Minimim quc
applicatior

The distanc
speed-time

The minimun
to solve pr
with initiq
Actual con

A more rig
in consides

The regian




Understandings ana Fundamental Concepts Supplementary Information

The distance traveled by a uniformly  Minimum quantitative requivements ave limited io 9
accelerating object is equal to the applications of the relationships s = vt and s = gat .
product of the average speed and the

elapsed time.,

The distance traveled by an object The dJistance can be determined from the area under the
accelerating uniformly from rest is speed-time curve,

proportional to the square of the

time,

Freely-falling objects may be con- The minimm quantitative requirement ig the ability
sidered as examples of objects with to solve problems with eonstant g, no frietion, and
constant acceleration. with initial or final velocity equal to zero.

Actual conditions should be discussed,

A force is a vector quantity that A more rigorous definition of force will be developed
may be defined as a push or pull. in considering Newton's second law of motion,

Forces may act upon an object through . Forces may be classified as gravitational, electro-
space. | magnetic, nuclear, and weak interactions,

The region in which a force acts is known as the "field"
of the force. The field concept may be introduced when
the concept of a gravitational field is developed.

The resultant of two or more con- Determination of vector sums should include both
current forces acting on a body is graphical and numerical solut;aﬂs

_the single force producing the same | |

effect, The resultant may be found Minimm quantitative requirements for graphical

by the vector addition of the indi- solutions will be ZZMltéd to two forces acting at any
vidual forces, angle.

Minimm quantitative vequivements for mumerical
S&ZHtLQﬂS will be szited ta fbrcés aatzng at angles




Topics

*B. Resolution of
forces

II1.Dynamics

A. Mass, force, and
acceleration
the inertial ard
gravitational
properties of
objects.

1. First law of
motion

- *2. Second law
of motion,
inertial mass

a. The =
kllcgram

Understandings and Fundamental Concepts

A single force may be resolved into
an unlimited number of components.

Dynamics deals with the relation
between the forces acting on an
object and the resulting change in
motion. '

"An object remains at rest or in

uniform motion unless acted upon by
an unbalanced force.

'An uﬁbalanced farce act;ng on an
is dlrectly prcpart;anal to the fnrce
and in the direction of the force.

The inertial mass of an object is
proportional to the ratio of the force
on an object to the acceleration
that the force gives the Dbject
Inertial mass is a scalar quantity.

" The kllﬂgram is the MKS unit of mass.

It is a fundaméntal unit

19
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Understandings and Fundamental Concepts

A single force may be resolved into
an unlimited number of components,

Dynamics deals with the relation
between the forces acting on an
object and the resulting change in
motion, |

An object remains at rest or in
uniform motion unless acted upon by
an unbalanced force.

An unbalanced force acting on an
object causes an acceleration which

is directly proportional to the force,
and in the direction of the force.

The inertial mass of an object is

_proportional to the ratio of the force

on an object to the acceleration
- that the force gives the object.
Inertial mass is a scalar quantity,

The kilogram is thé MKS unit of mass.
It is a fundamental unit.

Supplementary Infornation

Mininum quantitative requivements for graphical and
mmerieal solutions will be limited to two components
at right angles to each other. Include right angle
components which are not horiaontal and vertical in
your discussion.

This may be presented as Newton's first law of motion,
or the first law may be presented later as a special
case of the second law, when F = 0,

The unbalanced force is the vector sum of all the
forces acting on the object.

Minimam quaﬁfitgtiﬁe;reﬂuirémsnts ave Limited to
application of the relationship, F = ma,

The kilogram is defined as the mass of the inter-
national kilogram at Sévres, France.

The kilogram should be used only as a unit of mass and
not as a unit of force,



Topics Understandings and Fundamental Concepts

b. The The newton is that force which will
newton impart to a mass of one kilogram an
acceleration of one meter pei second
per second, It is a derived unmit,

(5)3. Newton's law  Any two objects whose dimensions are r Minimum quc
of small in comparison to the distance applicatior
gravitation between them, attract each other with )

a force that is directly proportional P gz;
to the product of their masses and g 1
inversely proportional to the )
square of the distance 'between them. .| wuniversal

At this po:
develop the
field assoc
relate to ;
and not to
by gravitai
mass. Grav
mass; and -

The eoneep;
will not b

. ‘The relati
distance i
‘law to be
fields, an
" desirable.
spherical
be emphasi

*4, Weight The weight of an object is the net The magnit
' gravitational force acting on the the locati
object. . Thus weigh

The weight of an object is directly The accele
proportional to its mass. one locati
~to its mas

e :g_,,‘_;_ .
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\derstandings and Fundamental Cnng3pts

,mpart to a mass Df one k;lagram an
cceleration of one meter per second
er second, It is a derived unit,

ny two objects whose dimensions are
mall in comparison to the distance
etween them, attract each other with
y force that is directly proportional
0 the product of their masses and
nversely proportional to the

square of the distance between them,

Supplementary Information

he weight of an object is the et
ravitational force acting on the
bject.,

he weight of an object is directly

yroportional to its mass.

o

P W e o = - S —

Minimum quantitative requirements are szzted to
applications of the relationships

m.m., Gm.m,

F & - 1¢ or F = ff;¢2 where G 18 the
g ol g p

universal gravitatignal congtant.

S B—

At thlS point some teachers may w;sh to introduce or
develop the "field" concept applied to the gravitational
field associated with a mass. The masses referred to
relate to the property of mutual attraction of matter
and not to the property of inertia, Mass measured

by gravitational attraction is called gravitational
mass. Gravitational mass is proportional to inertial
mass; and is expressed in the same units,

The concept of grﬁvztgtiana7 mags versus inertial mass
will not be subject to examination.

fThEarelétianship between gravitational force and

distance is the first example of the inverse square

- law to be encountered. Since this law applled to many

fields, an understandlng of it at this point is

"desirable, The limitation of this law to poiat or

spherical sources with uniforn mass distribution should -
be emphasized, ,

. The magnitude'of'the gravitational force varies with

the location of the ob]ect with reference to the earth.
Thus we1ght is not an 1nvariant property of an object

The acceleration due to gravity is a constant at any
one location, and 15 the ratio of an Gb]ECt s weight
to its mass.



Topics Understandings and Fundamental Concepts

Since weight

Newton's sec
freely fall:
acceleratior

Spring balar
weight meast
("weighing')
measurement
100 grams we
and so fortth

B. Uniform - Uniform circular motion is the motion Circular mot
Circular of an object at constant speed along dynamics. T
- motion a circular path. : be used.

*1, Centripetal Centripetal acceleration is a vector Minimum quar
acceleration  quantity directed toward the center

' - of curvature. Its magnitude is
directly proportional to the square

‘of the speed and inversely pro-
portional to the radius of the path.

applications

*2. Centripetal The force which causes centripetal Minimum quar
~ force ' acceleration is centripetal force. applications
| It is a vector quantity directed
toward the center of curvature. Its
magnitude is directly proportional
to the product of the mass and the
~ centripetal acceleration.

*C. Momentum Momentum is a vector quantity. Its
B o magnitude is equal to the product of
the mass and the velocity. Its
direction is the same as that of the
velocity.

%1, Impulse  Impulse is a vector quantity with a Minimum quas
magnitude equal to the product of the  situations

6




nderstandings and Fundamental Concepts

Supplementary Inforftion

Since weight is a force it is a vectOr Quantity.

Newton's second law_apolied to the potioy of a
freely falling body, where F = weight (W) and 2 =
acceleration of gravity (g). W = mg.

Spring balanceg graduated in newtong mgy be used in

("we1gh1ng") on a balance should be Ieférred t0 as
measurement of mass. To one significant figure;

100 grams weigh 1 newton, 200 grams Weifh 2 newtons,
and so forth,

miform circular motion is the motion

f an object at constant speed along
1 circular path.

entripetal acceleratior is a vector
juantity directed toward the center
f curvature, Its magnitude is
lirectly proportional to the square
f the speed and inversely pro-
ortional to the radius of the path,

he force which causes centripetal
cceleration is centripetal force.
't is a vector quantity directed
oward the center of curvature., Its
lagnltude is dlrectly proportional

entr:petal acoelerat;on

. Mintmin quantitative requirements aye gimitgd to

Minimm quantitative requirements aye Vimited to

Circular motion should be treated as a Pyoblem in
dynamics. The term "centrifugal force" gphould not
be used.

applications of the relatiorship a = %
applications of the Pglotoonsth _ M

=

o 7

lomentum is a vector quantity. Its

agnitude is equal to the product of

he mass and the velocity, lts
irection is the same as that of the
elocity,

mpulse is a vector quantity with a

agnitude equal to the product of the

e 6

Minimum*quoﬁtitﬁtioeVroquiréments avé Vimited t0
sttuations dealing with constant fopces.
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Topics

Change of
momentum

Law of
conservation
of momentum

Third law
of motion

IV. Work and energy

Understandings and Fundamental Concepts

unbalanced force and the time the
force acts. Its direction is the
same as that of the force.
When an unbalanced force acts on an
object, there is a change of

momentum which is equal to the impulse.

When no resultant external force acts
on a system, the total momentum of
the system remains unchanged.

When two bodies interact their total
momentum remains unchanged.

If one object exerts a force on a
second, the second exerts a force
on the first that is equal in
magnitude and opposite in direction.

When work is donme on or by a system
the total energy of the system is
changed. Energy is needed to do the
work.

-that these

From NEWtGﬁ'%

FAt (impulse)
conventional
impulse and

Minimim vequ:
are limited +
in which the

Minimum quan
simple recoi

Graphical so
is not requi
suggested th
energy.

The third 1la
momentum, T
equal in mag
the total mo

If the terms

example, if
pushes down
back on the
on the book
table (reac



nderstandings and Fundamental Concepts

nbalanced force and the time the
orce acts. Tts direction is the
ame as tha. ~ the force.

hen an unbalanced force acts on an

bject, there is a chaﬁge of

omentum which is equal to the impulse.

hen no resultant external force acts

n a system, the total momentum of
he system remains unchanged.

hen two bodies interact their total

omentum remains unchanged.

f one object exerts a force on a
econd, the second exerts a force
n the first that is equal in

agnitude and opposite in direction,

hen work is done on or by a system

he total energy of the system is

ork.

hanged. = Energy is needed to do the

- 22

; =g

Supplementary Information

From Newton's second law, F =ma or F -—%%E and

FAt (impulse) = Amv (change of momentum), Amv is the
conventional way of writing change of momentum, Both
impulse and momentum are vector quantities.

Minimun requirements in using the velationship above
are limited to changes in velocity and to situations
in which the momentum and impulse ave colinear.

Minimim quantitative requirements will be limited to
simple recoil or explosion problems.

Grapnical solution of conservation of momentum problems
is not required, If such problems are included it is
suggested they be considered after a study of kinetic

-energy.

The third law is implied by the .law of conservation of
momentun. The forces act for the same time and are
equal in magnitude and app051te in direction; therefore,
the total momentum remains the same.

" If the terms action and reaction are used, emphasize

that these forces act on different objects, For
example, if a book is resting on a table, the book
pushes down on the table (action) and the table pushes
back on the book (reaction), or the table pushes up
on the book (action) and the book pushes down on the
table (reaction),



féEiQS Understandings and Fundamental Concepts

*A., Work Work is done on an object when a Min
force displaces the object. eas
the

- Work is a scalar quantity that is
- equal to the product of the component
of farce agtiﬁg iﬁ the directign Gf

Gbgect

1. The joule The joule is the MKS unit of work. Sin
It is the work done when a force of :
one newton acts through a distance may
of one meter in the direction of the

force. g
or

The
Wor
tra
It

uti

*B. Energy - Energy is transferred when work is
' done. Energy is a scalar quantity.

*1, Potential Potential energy is the energy an Min
‘energy - object has because of its position ene
or condition. Under ideal conditions gra
it is equal to the work requlred to
bring the sbject to that pﬂSltiGﬂ or Thi
ﬂandltlan . | in

Ene
spr
ext
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Work is done on an object when a
force displaces the object,

Work is a scalar quantity that is
equal to the product of the component
of force acting in the direction of
the motion and the displacement of the
object.

The joule is the MKS unit of work.
It is the work done when a force of
one newton acts through a distance
of one meter in the direction of the
force,

Energy is transferred when work is
done. Energy is a scalar quantity.

Potential energy is the emergy an
object has because of its position
or condition. Under ideal conditions
it is equal to the work required to
bring the object to that pOSltlDﬂ or
condltlcn ‘

Supplementary Information

Mintmm quantitative requivements ave limited to
cages in vhich the force and the displacement have
the same direction.

kilogram meter

Since a newton is equal to a =, a joule

second ©
may also be expressed as a [kllagram meter) (meter)

or kilogram meterz second ~

seccndz

The same units are used to measure work and energy.
Work can be done only by the transfer of emergy. Work
transfers energy from one object or system to another.
It should be noted that it is not possible to

utilize all the energy of a systen,

Minimm quantitatzvg requirements rélatzng to pgtentzal
energy of position will be limited to position in a
gravitational field.

This concept may be extended, for example, to position
in an electric or magnetic field.

Energy of condition may be illustrated with a coiled
spring. Potential energy of condition may be
~extended to include the potential energy acquired during
-phase changes

93 -



Topics Understandingsfand Fundamental Concep:s

*2, Gravitational

potential
energy

*3. Kinetic
energy

*C, Power

1. The watt

If work is done on an object against
gravitational force, there is an
increase in the gravitational
potential energy of the object.

If work is done by gravitational
force on an object, there is 2
decrease in the gravitational poten-
tial energy of the object.

The change in gravitational potential
energy is equal to the product of the
weight of the body and the vertical
change of height.

Kinetic energy is the energy an
object has because of its motion.
Like all energy it is a scalar
quantity. Kinetic energy is equal
to one-half the product of the mass

Under ideal conditions it is equal

to the work required to stop the
object, or bring the object from rest
to that speed.

Power is the time-rate of doing work.

The watt is the MKS unit of power.
It is equal to one joule per second.

Emphasize the nee

Ideal conditions
constant g.

Minimum quantita
applications of 1
18 small. This -
example of the. us

The equation KE -
law of motion anc
w = fs ar

g.W:r’né

o2
since v

w= kv o=

Minimm quantita
problems involvid
| w=kE
Relativistic eff

Minimum quantita
problems involvi
Power = ?sz =
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Understandings and Fundamental Concepts

If work is done on an object against
gravitational force, there 's an
increase in the gravitational
potential energy of the object.

If work is done by gravitational
force on an object, there is a
decrease in the gravitational poten-
tial energy of the object.

" The change in gravitational potential

energy is equal to the product of the
weight of the body and the vertical
change of height.

Kinetic energy is the energy an
object has because of its motion.
Like all enmergy it is a scalar
quantity. Kinetic energy is equal
tc one- half the prcduct of the mass

Under ideal conditions it is equal

to the work required to stop the
object, or bring the object from rest
to that speed.

Power is the time-rate of doing work.

It is a scalar quantity.

The watt is the MKS unit of power.
It is equal to one joule per second.

Emphasize the need for a reference level in
discussing potential energy in a gravitational field.

Tdeal conditions assume the absence of friction and
constant g,

Minimum quantitative vequirements will be limited %o
appZzéatmgns of the relationship APE = mgAk where M
is small, This is an approximation, and is another

example of the use of an idealized situation.

The equation KE = %mv may be derived from the second
law of motion and the definition of work.
w=fs and f = ma where a is constant,

.+ W = mas

. 2 .
since v = 2as

W= %mvz = KE
Minimum quantitative requivements are limited to
problems involving the relationship
m:Esam?r B
Relativistic effects will not be considered.

Minimum quaﬁtztatzve requirvements are limited to
problems involving the relationships.

wrk _ w _ Fs_ .
Pover = 72— = 7 = T = I



Topics

*V, Conservation of
energy

A. Friction

i

VI. Internal Energy
and Heat

A. Mechanical
equivalent of
heat

Uﬁderétandingg and Fundamental Concepts

In any transfer of energy among objects

in a closed system, the total energy
of the system remains constant,

Under ideal conditions the gain
of kinetic energy equals the loss in
potential energy, or the loss of
kinetic energy equals the gain in
potential energy.

Friction is a force opposing the
relative motion of two objects in
contact.

When an object moves against friction,
work is done.

Internal energy is the total kinetic
and potential energy associated with

of the molecules of an object, apart
from any kinetic or potential energy
of the object as a whole.

When one object gains internal energy
from another object, the energy in
transit is heat.

Heat and mechanical energy are both.

10
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pndarétandiﬂgs;gpd Fundamental Concepts

In any transfer of energy among objects
in a ciosed system, the total energy
of the system remains constant,

Under ideal conditians the gain
of kinetic energy equals the loss in
potential energy, or the loss of
kinetic energy equals the gain in
potential energy.

Friction is a force opposing the
relative motion of two objects in
contact.

When an object moves against friction,
work is done,

Internal energy is the total kinetic
and potential energy associated with
the motions and relative positions
of the molecules of an obje:t, apart
from any kinetic or potential energy
of the object as a whole.

When one object gains internal energy
from another object, the energy in
transit is heat,

Heat and mechanical energy are both.

forms of energy; therefore, they can
be measured in the same units.

10

Supplementary Information

Mintmm quantitative requirements are limited to
problems involving APE = -AKE under ideal eonditions.

The change in energy of a system is equal to the
change in kinetic energy plus the change in potential
energy plus the change in internal energy.

This law is sometimes called the conservation of mass-
energy because of the equivalence of mass and energy.

The law of conservation of energy should be stressed
whenever appropriate.

Work done against friction does not increase the
kinetic or potential energy of an object. It may,
however, increase the internal energy of the object.

Energy used in doing work against friction is converted
into internal energy. This may be used to introduce
internal energy and heat.

An increase in the internal energy of an object either

increases the kinetic energy of the random motion of
its molecules which results in a rise in temperature
or increaces their potential energy of position which
results in a change of phase, or raises the cnergy
levels of atoms.

The kilocalorie and the joule are both units of energy.

One kilocalorie is equivalent to 4185 joules.

(o) |



Topics

B. Temperature

1. Absolute
temperature

a. Absolute
. zZero

C. MKS temperature
scales

1. Celsius

Understandings and Fundamental ngggpts

Temperature is that property of
matter which determines the direction
of the exchange of internal energy
bEtWEEﬂ ijezts The ijéct at

Eﬂergy

Absolute temperature is directly
proportional to the average kinetic
enercy of random motion of the mole-
cules of an ideal gas.

An object is at absolute zero when
its internal energy is a minimum.

Temperature measurements are commonly
referred to arbitrarily selected _
fixed temperatures which are readily

- reproducible.

The degree is a fundaméntal'unit.

On the Celsius SQale the freezing

point of water is 0 degree and the
boiling point is 100 degrees.

On thé Kelvin scale absolute zerc is
the zero point,

Cpep w
. ;4

° L

e e
g 5

_avalded

The tota.
temperati
mass, na-

An ideal
elastic j
forces or

By extraj
absolute
of them
would ap
absence
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In pract
closely,

In 1954
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Understandings and Fundamental Concepts

Temperzture is that property of
matter which determines the direction
of the exchange of _.iternal energy
between objects, The object at

lower temperature will gain internal
energy.

Absolute temperature is directly
proportional to the average kinetic
energy of random motion of the mole-
cules of an ideal gas,

An object is at absclute zero when
its internal energy is a minimum.

Temperature measurements are commonly
referred to arbitrarily selected
fixed temperatures which are readily
~reproducible,

The degree is a fundamental unit,
On the Celsius scale the freezing
point of water is 0 degree and the

boiling point is 100 degrees.

On the Kelvin scale absolute 2670 is
the zero point.

oY=

Supplementary Information

The total internal emergy does not depend on
temperature alone. It also depends on the object's
mass, nature, and phase,

An ideal gas is one which consists of perfectly
elastic particles of negligible size which exert no
forces on each other, except during collisions.

By extrapolation of the relationship between the
absolute temperature and the average kinetic energy
of the molecules of an ideal gas, absolute zero
would appear to represent zero kinetic energy, or the
absence of all molecular motion. However, according
to modern theory, at absolute zero the molecules of
a substance have a minimum amount of energy.

At absolute zero the internal energy of an object is
a minimum, therefore,no internal energy can be
transferred to another object.

In practice, absolute zero may be approached very
closely, but cannot be reached.

In 1954 the size of the degree was set by the General
Conference of Weights and Measures, The triple point
of vater, selected as the standard fixed point of

thermometry, was defined as 273.16°K, or 0.01°C. The

value of 273°K is satisfactory for class use.

. avnlded

- Minimum qyantitatiﬂe féquirgménts will be limited o
eonwersions between Kelvin qnd Celsius seales.
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Understandings and Fundamental Cﬁnéepts

D. Eﬁﬁhangé_af
internal energy

1. Kilocalorie

*2. Specific
heat

3. Change of

Phase
*a, Heat of

fusion

When there is an exchaﬁge cf 1ntérnal
energy, and if there is mno conversion
to other forms of energy, the total
internal energy of the system

remains constant.

The kilocalorie is a unit of heat

and is equal to the heat required to
change the temperature of one kllﬂgram
of water one degreec Celsius at 4°C,

The specific heat of a substance is
the ratio of the quantity of heat

required to raise the temperature of
a unit mass of the substance one
degree Celsius to the quantity of
heat required to cause the same chunge
in temperature of the same mass of
water.

‘During a change of phase there is a
change in internal energy but no
. change in temperature.

The heat of fusion is the number of
kilocalories required to change one
kilogram of a substance from the
solid to the liquid phase at its
melting point, with no change in
temperature. ' )

12




Understandings and Fundamental Concepts Supplementary Information

When there is an exchange of internal Thls is an appllcatlon Df LOﬂSeTVEtlDH of energy
energy, and if there is no conversion  to heat.

to other forms of energy, the total

internal energy of the system

remains constant,

The kilocalorie is a unit of heat This is an operational definition. If the temperature
and is equal to the heat required to is not specified, it is approximate because the heat
change the temperature of one kllngram capacity. of water is a function of temperature.

of water one degree Celsius at 4°C. :

The specific heat of a substance is SPECIflc heats are numerically the same in ail systems

the ratio of the quantity of heat of units.

required to raise the temperature of

a unit mass of the substance one

degree Celsius to the quantity of

heat required to cause the same change

in temperature of the same mass of

water. ! Minimum quantitative requirvements ave limited to
applications of the relationship bQ = meht and
exchange problems involving two objects.

During a change of phase there is a The term "phase" is used instead of "state" to avoid
change in internal energy but no confusion with other conditions, such as state of
change in temperature. equilibrium,

The energy absorbed or liberated in a change of phase
does not change the average internal kinetic emergy,

eand does not produce a change of temperature. It does,
however, produce a change in molecular potential energy.

The heat of fusion is the number of The same amount of emergy is liberated when an equal
kilocalories required to change one mass of the substance freezes,

kilogram of a substance from the , _

solid to the liquid phase at its Minimm.quantitative requirements ave limited to
melting point, with no change in applications of the relationship Q = mi,
temperature. - f

‘gzj?‘uﬂ.




Understandlngs and Fundamental Concepts

TDDlCS
*b Heat of.
' vapor-
ization

VII. Kinetic Theory
of Gases

A. Pressure

B. Gas laws

The heat of Vapﬂflzatlcn is the number
of kilocalories required to change

one kilogram of a substance from the
liquid to. the gaseaus phase at the

temgerature

Gases are composed of maiecules in
constant random motion. In gases
low density, the average distance of
separatlan of molecules is large in.
comparison with their diameters and
the total actual volume of the gas
molecules is negligible in |
comparison with the volume occupied
by the gas.

In gases of low density, the forces
between molecules are considered to

- be negligible.

Pressure .exerted by a gas is due to
collisions of gas molecules with the
walls of the container. '

The product of the pressure and

volume of an ideal gas is directly
proportional to the product of the
number of molecules and the
absolute temperature.

The same

mass of t
0 apori
work is d

Minimum q
applicatt

Miniman ¥
involving
and tempe

28
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!Understandings and Fundamental Cancepts Supplementary Information

The heat of vaparlzatlcn is the number The ‘same amount of energy is lleIatEd when an equal

of kilocalories required to change mass of the substance condenses. The heat

one kilogram of a substance from the of V?pDIlZEtan is a constant only“when no external
- liquid to the gaseous phase at the work is done,

boiling point, with no change in

temperature. Minimum quantitative requivements are limited to

applications of the selationship @ = mh,

Gases are composed of molecules in
constant random motion. In gases of
low density, the average distance of
separation of molecules is large in
comparison with their diameters and
the total actual volume of the gas
molecules is negligible in
comparison with the volume occupied
by the gas.

In , ses of low density, the forces
between molecules are considered to
~ be negligible.

Pressure exerted by a gas is due tg

walls af the contalner

" The product of the pressure and Minime: requirements are limited to simple proportions
volume of an ideal gas is directly involviny the relationships among pressure, volume,
proportional to the product of the and temparaturé for a fixed mase of gas.

nunber of molecules and the
absolute temperature,




Topics

I. Introduction to
Waves

A. Transfer of
energy

B. Pulses and
periodic waves

Understandings and Fundamental Concepts

A wave is a vibratory disturbance
that is propagated from a source.

Arefle;t;
can be si

‘quantita

Wave motion transfers energy from
one po.nt to another with no trans-
fer of mass between the points.

A wave may be class;fled as a pulse
6T a periocdic wave. -

WAVE PHENOMENA
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WAVE PHENOMENA

Understandings and Fundamental Concepts Supplenentary Infounation
A wave is a vibratory disturbance Wave phenomena may be introduced by pointing out that
that is propagated from a scurce, an understanding of wave phenomena is needed for the

study of sound and 'ight.

A distinction is made between a material medium and
space. The word "material" is used to emphasize the

distinction between a medium and space. For example,
the disturbance in.a wave may be a dispiacement of the

medium from its rest position as in water waves, sound
waves, or wayes in a rope or spring. The particles of
the material medium vibrate around rest positions, but
do not move along with the wave as does the energy. o
For some waves no material medium is necessary. For

example, light, radio, and other electromagnetic waves,
are periodic disturbances in electromagnetic fields,

Wave behavior in a material medium can be studied most
easily and used to establish typical pdttexns of wave
behavior, . »

Many of the phenomena of periodic waves, such as
Co reflection, refraction, diffraction and interference,
A AR _ ‘ can he studled both qualitatively and quantitatively
‘ * : ‘using a ripple tank., With the aid of a stroboscope
' ' quantitative measurements of frequency, wavelength, and
velocity can be made.

Compact and convenient apparatus is now available from
most suppliers to demonstrate wave characteristics using
microwaves.

Wave motion transfers emergy fi:: Transfer of mass does not refer to the vibration of
one point to another with no *t..nw- particles around rest positions..
fer of mass between the points.

A wave may be c1a551f1ed as a pulse Wave concepts are introduced by a consideration of
or a periodic wave. i~ .. pulses and periodic waves in a material medium. Later
R 7¥§§E§ these concepts are used in the study of light and
other forms of electromagnetic radiation.

Q




Topics
1. Pulses in a

material
medium

a. Speed

b. Reflection
and -trans-

mission

2. Periodic
waves

C. Types of wave
motion

1. Longitudinal

waves

2. Transverse
waves

a, Polari-
zation

Understandings and Fundamental Concepts

A pulse is a single vibratory
disturbance which moves from point

to point.

In a uniform material medium, a
pulse has a constant speed.

When a pulse reaches a boundary with
a different medium, part of the pulse
will be reflected at the boundary
and part will be transmitted through
the second medium,

A periodic wave is a series of
regular disturbances.

Two simple types of wave motion are
longitudinal and transverse.

"In longitudinal waves the distur-

bance is parallel to the direction
of travel of the wave.

In transverse wavzs the disturbance
is at right angles to the dlrect;an
of travel of the wave. '

A transverse wave is palariZPd'whEH

the disturbance is in a slngle plane,

Longltud;nal waves cannat be palarlzed

- plane perpendicular to the direc

Supplementar

A pulse through a material mediur
oscillation of the particles arot

Use a coiled spring or a rubber t
characteristics, Superposition m
this point.

The speed of a pulse depends upor.
properties of the medium, and, tc
on the nature of the pulse.

In some cases, practically all of
reflected,; far example, by a pand
ripple tank.

Development 18 limited to simple

Longitudinal waves are sometimes
waves. Sound waves and compress
spring are examples of longitudi

Electromagnetic waves and waves
of transverse waves. The distur,




Understandings and Fundamental Concepts

A pulse is a single vibiatory
disturbance which moves from point
to point.

In 2 uniform material medium, a
pulse has a constant speed.

When a pulse reaches a boundary with
a different medium, part of the pulse
will be reflected at the boundary
and part will be transmitted through
the second medium.

regular dlsturbances

Two ‘simple types of wave motion are
longitudinal and transverse.

In longitudinal waves the distur-’
bance is parallel to the direction
of travel of the wave.

Tn transverse waves the disturbance
is at right angles to the direction
offtravel of the wavei

A transverse wave is polarlzed when
ithe disturbance is ;n a s;ngle plane.-

Langltudlnal waves cannot be pclarlzed

Supplementary Information

A pulse through a material medium causes an
oscillation of the particles around a rest position.

Use a coiled spring or a rubber tube to show these
character.stics. Superposition may be introduced at
this point.

The speed of a pulse depends upon the nature and
properties of the medium, and, to a lesser degree
on the nature of the pulse.

In some cases, practically &1l of the pulse will be
reflected; fgr example, by a pane of glass in a
ripple tank,

Development s limited to simple sinusoidal waves.

‘Langltudlnal waves are sometimes called compressional
waves. Sound waves and compressional waves in a

spring are examples of longitudinal waves.

Electromagnetic waves and waves in a rope are examples
of transverse waves. The disturbance may be in any
plane perpendicular to the direction of the wave motion,

g
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Understandings and Fundamental Concepts

3. Other types Other types of waves are possible.
of waves

II. Common Character-
istics of Periodic
Waves

A. Frequency Frequency is the number of cycles
occurring per unlt time.

*B. Period The period is the time required for

the completion of a cycle. It is the

reciprocal of the frequency,

C. Amplitude The amplitude of the wave is the
. = maximum displacement of a particle
of the medium from the rest position

D. Phase Points on a periodic wave having.
the same displacement from their
| equlllbr;um position and moving in -
the same direction are said to be in
phase

E. Waveleﬁgth.,- .~ The wamelength is the distance
’ ~ between two cansecutlve palnts in .
phase., -

- havelengt

:9.1...‘ . | i -‘~ »»;.  ; : E ;3:1 

Large occ
transvers

Waves of
transmitt

A cycle,
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- the completion of a cycle,

Understandings and Fundamental Concepts

Other types of waves are possible,

Frequency is the number of cycles
occurring per unit time,

The period is the time required for

reciprocal of the frequency,

The amplitude of the wave is the

- maximum displacement of a particle

of the medium from the rest position

Points on a periodic wave having

the same displacement from their
equilibrium position and meving in

“the same dlrectlen are sald to be in

phase,

g The’waielength is the distance

- between twe cansecut1ve pc1nts in
“phase, .

It is the

Supplementary Infomation

Large ocean waves include both lengitudinal and
transverse vibrations and are called elliptical waves.

Waves of "twist", called torsional waves, may be
transmitted by a thin metal rod,

A cycle, as applied to a wave, consists of series of
changes occurring in orderly sequence be means of which
the medium returns to its initial condition prior to
repeating the series,

The "eycle per second” has recently been. given the name
HERTZ, with the symbol Hz . The tem 4 gaining
aceeptance but s not required,

Note that the cycle is dlmEHSLQHIESSI hence, the
d;men510n of frequency is t-1 (sec ™),

Minimm quantitative vequirements are limited to

application of the rvelationship I = %

In the literature of wave motion the word displacement
is generalized to include any physical disturbance,
such as changes in a transverse electric field, demsity
of air, or den31ty of an electron cloud

fThls deflnltlon nf phase is limited to 51mple

51nusoldal Waves Df constant ampl;tude‘

- Wavelength ray be me;sufed in a material medium from

peak- ~to-peak, tr@ugh to-trough, or between alternate.

'zergs
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*F. Speed

1. Effect of
medium

2. Dispersive
medium

3. Non-
dispersive
medium

G. Doppler effect

1. Sound

H. Wave
: prapagatzan

- l; Wave-frants~

Understandings and Fundanental Concepts

The speed of a wave is equal to the
product of the frequency and the
wavelength.

The speed of a wave depends on the
properties of the medium.

A dispersive medium is one in which
the speed of a wave depends on its
frequency,

A nondispersive medium is one in
which the speed does not depend on
the frequency.

The Doppler effect is the variation

- in an observed frequency when there is
relative motion between source and
receiver,

There is an increase in observed

pitch when the. distance between SQb?CE

and receiver is dEGIEESLHg.

There is a décrease in cbserved
pitch when the distance between
- source and receiver is increasing.

A wave front. is the 1ocus“af adjacent
_ p01nt5 of the wave whlch are lﬂ

. phase..

if the distance between tl

Supy

Mindmum quantitattue requt
applications of the relait

When a wave passing from a
experiences a change in sp
wave does not change, The
is determined by the frequ

Discussion of this relatio
refraction of waves is stu

Glass is a dispersive medi
Dispersion may be observec
Air and water are nondispe

of low amplitude,

No medium is involved in t
magnetic waves.

is changing at a constant
is constant, though highe:

| Appllcatléﬂ of the Dopple

waves w111 be studled lat
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tandings and Fundamental Concepts

speed of a wave is equal to the
luct of the frequency and the
klength.

speed of a wave depends on the
herties of the medium.

ispersive medium is one in which
speed of a wave depends on its
quency .

ondispersive medium is one in
ch the speed does not depend or
- frequency.

. Doppler effect is the variation

an observed frequency when there is
ative motion between source and
eiver,

wve is an increase in observed
| receiver is decreasing.
sre is a decrease in observed

rch when the distance between.
jree and receiver is increasing.

Supplemgntary7Info;matign

Minimun quantitative requivements are Limited to
applications of the velgtionship v = [ A,

When a wave passing from one medium to another
experiences a change in speed, the frequency of the
wave does not change. The wavelength in the new medium
is detemmined by the frequency and the new speed.

Discussion of this relationship may be left until the
refraction of waves is studied.

Glass is a dispersive medium for light.

Dispersion may be observed in a ripple tank.

Air and water are nondispersive media for sound waves
of low amplitude.

No medium is involved in the transmission of electro-
magnetic waves. . R

If the distance between the source and the receiver

h when the distance between source is changing at a coustant rate, the observed pitck

‘is conistant, though higher than the transmitted pitch,

" Application of the Dopplexr effect to electronagnetic
~waves will be studied later. o |

vave front is~the.1ﬁcus?@£-adeCEnt' C

ints of the wave which are in. °
R

e T e



2. Huygens'
principle

II11.Periodic Wave
Phenomena

A. Reflection

B. Refraction

[Ejli Snell's
law

~ of refraction is a constant called

The iﬁcident‘ray, the refracted ray,;
‘and the normal to the ‘boundary are

Understandings and Fundamental Concepts

Every point on a waye front may be
considered a source of wavelets with
the same speed.

Pgripdig waves can be reflected from
the boundaries of a medium.

The incident ray, the reflected ray,
and the normal to the surface are all
in the same plane.

When a wave is reflected from a
surface, the angle of incidence is
equal to the angle of reflection,

Refraction is the change in the

direction of a wave that occurs when
the wave passes obliquely through a
boundary with a change in its speed.

This provid:
the known sl
later time.

This may be

The ratio of the sine of the angle
of incidence to the sine of the angle . S
applications

the relative 1ndex @f refract;on

4 very usefi

i m, sin @

Minimm quar

311 1n the same plane.

A medium of

 light is. stu

; Quantitativg
" ripple tank

sometimes s

Snell's law




Understandings and Fundamental Concepts Supplementary Information

Every point on a waye front may be This provides a geometrical method for finding, from
considered a source of wavelets with  the known shape of a wave front, the shape at some
the same speed. later time.

Periodic waves can be reflected from
the boundariss of a medium.

The incident ray, the reflected ray,
and the normal to the surface are all
-in the same plane,

When a wave is reflected from a
surfeee the engle ef ineidenee is

Refraction is the change in the

direction of a wave that occurs when
the wave passes ebllquely through a
boundary with a change in its speed.

The ratio of the sine of the angle kmnemym quenteteteue requirvements are Zemzted to
of incidence to the sine of. the angld oin ¥1 T
of refraction is a constant called | _appZeeateene ef the‘releteeeeheg e gz*= X.

the relet;ve index ef refreetlon B B R | 2
: . ’
he 1ne1dent ray, the refreeted ray; | ﬁA very ueefui feew ef SﬂeZZ s law for problem eelveng

and the nomal to the beundery are ,iiee nz 8in 61 g gin eg

all in the same piene. . = i R ——

A medium of reletlvely hlgher index Df refreetlen is
‘sometimes said to have a greater optical dens:ty

_3Sne11'e lew mey be developed when refractlon of
'hght is: studled b | . _

._t;Quentltetlve work w;th refreetlen 15 dlff;cult 1n a
‘”‘r;pple tank. : |




Topics

2, Speed and
refraction

C. Diffraction

D. Interference

1. Super-
position’

a, Construc-
tive in-
terference

b. Destruc- -

tive in-

terference"

2. Two sources
.in phase

Understandings and Fundamental Concepts

When a wave enters a new medium and
there i. a decrease in speed, the
wave bends toward the normal.

When a wave enters a new medium and
there is an increase in speed, the
wave bends away from the normal.

Diffraction is the spreading of a
wave into the region behind an
obstruction.

Interference is the effect produced
by two or more waves which are
passing simultaneously through a
region.

The resultant disturbance is the
algebraic sum of the disturbances
due 'to the individual waves.

Maximum constructive interference
occurs at points where the two waves
are in phase.

Maximum destructive interference
occurs at points where the phase
difference is 180°.

Two wave sources operating in phase
in the same medium produce wave
trains that will form symmetrical

- interference patterns where they

cress éach'ather.

Destructive interference occurs at
points where the path distances to
the ‘two sources differ by an odd

number of half wavelengths,

Coare the same.

. interference).

Since the frequency of the
source, the change in velod
a change in the wave-length

From the geometry of the r¢
wave fronts, teachers may
sinf _ AL v

This concept may be explaif
principle.

If the component disturban
the resultant disturbance

Destructive interference ik
difference between the way

Where twn crests or two try
or trough of increased ampg
Where a tr
a point .of minimum disturby
interference). Nodal line
interference and represent
the path difference to thq



Understandings and Fundamental _Concepts

When a wave enters a new medium and

there is a decrease in speed, the

wave bends toward the normal.

When a wave enters a new medium and

there is an increase in speed, the
wave bends away from the normal.

Diffraction is the spreading of a

wave into the region behind an
obstruction.

Interference is the effect produced

by two or more waves which are

passing simultaneously through a

region.

The resultant disturbance is the

algebraic sum of the disturbances

due ‘to the individual waves.

Maximum constructive interference

occurs at points where the two waves

are in phase.

Maximum destructive interference
occurs at pcints whe;e the phase

difference is 180°.

Two wave sources operat;ng in phase
in the same medium produce wave
trains that will form symmetrical

interference patterns where they

cross each other.

* Destructive interference occurs at
points where the path distances to
the two sources differ by an odd

number of half wavelengths,

Q

%

A
A

Supplementary Information

Since the frequency of the wave depends only on the
source, the change in velocity of the wave results in
a change in the wave-length.

From the geometry of the refraction of two successive
wave fronts, teachers may wish to show that

51n6 1 = Al - Vl

sinf 5 kz V2

This concept may be explained in terms of Huygens'
principle.

If the component disturbances are vector quantities,
the resultant disturbance is a vector sum,

Destructlve interference is ccmplete when the phase
difference between the waves is 180° and their ampl;tudes

Uare the same.

Where two crests or two troughs come together, a crest
or trough of increased amplitude is formed (constructive
interference) . Where a trough and a crest come together
a point .of minimum disturbance results (destructive.
interference). Nodal lines result from destructive

* interference and represent the loci of points where

34
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the path difference-to the source is (n - % A,



IV.

Light

*A. Speed

1. In space

2. Tﬁ;a
- material
‘medium .

B. Reflection

Understendings and Fundamental Loncepts

Standing waves are produced when two
waves of the same frequency and
amplitude travel in opposite direc-

tions in the same medium,

Standing waves are most commonly pro-

duced by the reflection of a wave
train at the flxed boundary of the
medium.

Light is an electromagnetic disturb-
ance that cain produce the sensation
of sight.

The speed of light is equal to the
product of the frequency and wave-
length.

The speed of light in space is an
lmPartant phys;zal -constant.

The gpeed of l;ght in a materlal
medium is dependent on the frequency

’.;and the medium.

The SPEEd af 11ght in'a.medium-is

;jalways 1355 than 1ts 5peed ln a
; vacuum P TR b

ght may be refle:ted

speed o

. Thé ~det
hélf_% .

Standin
with th
string

When th
occurs

reflect
generat

Quantit

Stress
lengths

Various
may. .be

- Minimum
- applieca

A appy
(8

Thé-spe
its sps
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Understandings and Fundamental Concepts

Standing waves are produced when two
waves of the same frequency and
amplitude travel in opposite direc-
tions in the same medium.

Standing waves are most commonly pro-
duced by the reflection of a wave
train at the f;xed boundary of the
medium.

Light is an electromagnetic disturb-
ance that can produce the sensation
of sight,

‘The speed of light is equal to the
product of the frequency and wave-
length.

The speed of llght in space is an
1mportant phys;cal ccnstant

The 5peed of llght in a material |
" medium. is dependEﬁt on the fIEquency
and. the medlum R o

:Q7The 5peed of 11ght in a medium is

Supplementary Information

Standing waves in a stretched string may be shown
with the aid of a sonometer. Paper riders on the
string will show the location of nodes and antinodes.

When the medium is limited such that reflection
occurs at both ends, and the distance between the

e .. nA s
reflecting surfaces is 2§é=, standing waves are

generated,
Quomtitative treatment ie not requived.

Stress that in any specific case, only specific wave-
lengths are permitted.

Various methods used for meastiring the speed of light
may be discussed.

Minimam quantitative requzraments are limited to
- application af the PEZQtiQHSthQ e = f?

An appreclatlon gf the magnltude and Jmpcrtance of the
5peed af 11ght Shculd be developed

'The speed af 1;ght in- alr 15 appréx1mately the same as

Cits speed in vacuum.

”r"always less than 1ts speed in a 5 j:_¢ S i e s et st aih

J;énght may be reflected

 QThe dEflnltan and methad of u51ng rays are approprlate




T;Eics

1. Law of
reflection

2. Regular
reflection

7. Diffuse
reflection

C. Refraction

'1 ‘Index c:f

: refractlgn”

Understandings and Fundamental Concepts

The incident ray, the reflected ray,
and the normal to the surface at the
point of incidence are in the same
plane.

The angle of reflection is equal to
the angle of incidence.

Regular reflection is reflection
produced by polished surfaces,
usually producing an image of the
source,

The image formed by & plane reflect-
ing surface is virtual, erect, and
the same size as the object; object
and image distances are equal.

Diffuse reflection is the scattering
of light caused by reflection from
irregular surfaces.

Light crossing a baundar? obliquely
is refracted if its. speed changes.

v;lThe index of refractlcn of a medlum _
"'{s the ratio of the speed of light in |

a vacuum to its speed in the material

” f‘medlum

scattered. -

1The speed of 1ight in

The law of reflection

- in the construction o

The law of reflection
since the surface is
surface are not paral

The relationship betw
refracted ray is desg
The reversibility of

~ speed in free space.,
refragtlon Gf alr car

1,A&nzmum;quaﬂtttativg
: &ngiéétiéﬁs'ﬂf“Sﬂel

';i;sfkthg rglatzansth;

o ,r_g:=.= e




Understandings and Fundamental Concepts

The incident ray, the reflected ray,
and the normal to the surface at the
point of incidence are in the same
plane.

The angle of reflection is equal to
the angle of incidence,

Regular reflection is reflection
produced by polished surfaces,
usually producing an image of the
source.

~The image formed by a plane reflect-
ing surface is virtual, erect, and

- the same size as the object; object
and image distances are equal,

Diffuse reflection is the scattering
of light caused by reflection from
irregular surfaces,

Light crossing a boundary obliquely

is refracted if its speed changes.

,‘The index of refractlcn of a medlum _;;-
" is the ratio of the speed of light 1n ;;_
a vacuum to its. speed in thé materlal“,

medlum

Supplementary Information

in tha canstruct;an of plane nirror 1mages,

The law of reflection holds for each light ray, but
since the surface is irregular, the normals to the
surface are not parallel.and the reflected light is
scattered

The Ie1atlnnsh1p between the incident ray and the
refracted ray is. descr1bed by Snell's law, ‘

The rever51b111ty cf 11ght rays should be stressed
:The speed cf llght 1n alr Ls nearly equal to its

5peed in free. space.h For most purposes the 1ndex of
‘refractlen af air can be taken as unlty |

- Mindmum. quantztatzvs PéQHLPéMéntS are szztsd to

- gin 91 o By Uy

,7appchatzans af Snell's Zamg = —=—=-and |




[*]2. Critical
angle

3. Total in-
ternal
reflection

4. Dispersion

D. Lenseg

1 CDnverglngrr

1ensesf

a Images.

Understandings and Fundamental Concepts

',k'greal and v;rtual 1mages T

& A real 1mage 15 furmedﬁwhen twn or
- more rays*leaV1ng “OTe
“;,meet at a'carraspanding‘lmage PDlnt

The critical angle is the angle of
incidence for which the angle of
refraction is 90°.

This can
greater

velocity

Minimum

applicat

Total internal reflection occurs when
light is incident on a surface at an
angle greater than the critical angle..

Dispersion is the separation of poly-
-chromatic light into its component
wavelengths as the light enters a
dispersive medium obliquely.

Polychromatic light contains waves of
different frequencies. |

In a material medium each frequency
has its own index of refraction;
therefa?e pclychramatlc light may bé‘
dispersed ' .

A converging lens is one that is
-~ thicker at the: mlddle ‘than at the

°rEanerg1ng 1en535 can fcrm beth

object point. .

’  -1is great
© edges and cgnverges parallel Tays of R
"_lelght‘ Lo

The char
- by drawi

Differen
as diffe.

Requirem

This is

" Real imgg




Understandings and Fundamental Concepts ; Supplementary Information

The critical angle is the angle of This can occur only when the angle of refraction is
incidence for which the angle of greater than the angle of incidence; that is, when the
refraction is 90°. velocity of the light increases.

Minimm quantitative requirements ave limited to

applications of the relationship sin 6, = %—-

Total internal reflection occurs when
light is incident on a surface at an
angle greater than the critical angle..

Dispersion is the separation of poly- Differences in frequency of light waves affect the eye
chromatic.light into its component as differences in color.
wavelengtbs as the light enters a :

Polyéhramatic light contains waves of
different frequencies.

In a material medium each frequency
has its own index of refraction;
therefore, leychrDmat;c llght nmay be

dlspersed
Requivements ave limited to thin lenses in air.
A converging 1en5 is one that is - This is true if the index of refractlan of the lens
thicker at the middle than at the "f ;_1s greater than ‘that of the surrnund;ng medlum. |
- edges and’ canverges Parallel rays of - o _
- “vllght o
"‘”Canverglng lenses tan furm bct * The charasterlstlcs of the image shauld be obtained
vxeal and V1rtual 1mages gf  _,; .»‘~,by draw1ng rTay diagrams.
A real 1mage 1s furmed when two or _,:ijealgiQages_may be projected.cﬁ a;screeﬁ;

_ more rays 1eav1ng one, object POlﬂt T
;”EmEEt 3t a carrespondlng 1mage Pglnt IR




Topics

Understandings and Fundamental Concepts

A virtual image is subjectiye in that

it appears to form where an image
could not possibly exist because reys
do not actually intersect at the
image point.

Suppl
Virtual imzge. camnot be {

When a bundle of rays whic
source passes through an o
incident on the eye as a d
then focused on the retina
the rays as coming from th
cone. The virtual image e
Dbserver s eye, .

* h, Slze and
distance
of
images

The size and lacatlon of the image

~ can be calculated from the focal

length of the lens and the pa51t19n
and size of the object.

Minzmum quaﬂtt‘atmvé requt
use of ray diagrans and t

1
rela;twnsh}ps v 7 1

The sign conventions Speci
left of the lens, and the
of the lens as positive.

fncal ;ength is PDSIthE

2. Divefging
lenses

“E. Wave nature of
. light

1, Interferencefvg-
( “'ffprcduced only by waves.

; Df llght

snurces'i

. ‘produced by ‘light.
- has wave’ prnpertles

a Caherentfriﬁti
| - “constant phase Ielatlnn¥ar ;sald tn

* 33 o

'”ftﬁfabe eoherent SR

A diverging lens is one that is
thinner at the middle than at the

edge and diverges parallel rays of
11ght ‘

A diverging lens can produce only a
virtual image

rMuch cf the behavior af llght can be
interpreted in terms of wave
_phEﬁﬂmEHa : ,
1Interference phenomena can be

;Interference patterns may be :
Therefere, 11ght

Sources that praduce waves; w1th a

' The Cornell slit-film may
- interference phenomena,

Lasers produce coherent 1i

Only ray diagrams are requ



Supplementary Information

i iz

virtual image is subjective in that

it appears to form where an image

could not possibly exist because rays

o not actually intersect at the
image point.

. Virtual images cannot be formed on a screen,

When a bundle of rays which originated at a poyint
source passes through an optical system and is
incident on the eye as a diverging cone of rays and
then focused on the retina, the observer interprets
the rays as coming from the vertex of the diverging
cone. The virtual image exists by virtue of the
observer's eye,

e size and location Qf the image
an be calculated from the focal
Pength of the lens and the pns;t;an
End size of the object.

l&ntmum quantitative Pequtrémsnts are szzted to thg
use of ray diagrams and to applications of the

1 1 1 . 8 _do
relationships, 2’@ L 7 and o T

- The sign conventions specify the object position on the
left of the lens, and the image position on the right
of the lens as p051t1vel For converging lenses the
focal length is pDSlthE

\ dlverglng lens is one that is
thinner at the middle than at the
2dge and diverges parallel rays of
llght .

\ divergiﬁg lens can produce only a
virtual image.

fuch of the behav1ar of 11ght can be

nterpreted in terms of wave
;henumena

nterfe:ence phennmena can be
}IGduﬁéd only by waves ‘

nterférence patterns may be
roduced by light,
1S wave prapertles

:Durces that prcduce waves~W1th a

onstant phase relation
e r-nhp'r-ﬁnt o

Thereigre llght

lg‘Lasérs:préduge!ccheféntjlighti3_
are’ said to l,»,‘i;’--;' O A

Only ray diagrams are requ1red for dlverglng lenses.

The Carnell Sllt-fllm may be used to gbserve var1cus
1nterference phencmena




Topics

b- Double
slit

nght from two coherent point sources
produces a stationary interference
pattern.

from a single squrce
crucial experiment le§
wave theory of light.j

khnzmum qugntﬂtaﬁzvg )

applications of the

~ presented at this timg

\ |
Diffraction gratings §

c. Single
slit

dé Resolution

Light from a point or line source is
diffracted and produces interference
patterns when passing through a single
narrow slit. |

The width of the central maximum
varies directly as the wavelength
and inversely as the width of the

.slit.

When light passes through an opening
of limited size it is diffracted. If -

- two sources are close, their dlfﬂ
fractlcn patterns may nverlap

',; The resolutlgn nf an thlgal instru- = Tl
- ment is a measure of its. .ability to
.separate 1mages of nbjects that are

" f.clase tﬂgether. =

1
b center} 1in
-,.i[ .
§ t
: '
5 '
" '
= #’Vﬁiii :-: 77

pnss;ble w1th an opt??

* g{The resalutlon varies dlrectly as L

 ':jthe dlameter Qf the apenlng




nderstandings and Fundamental Concepts

Ligtt from two coherent point sources
produces a stationary interference
pattern. |

Supplementary Information

Young produced two coherent sources by passing light
from a single source through a double slit. This
crucial experiment led to the general acceptance of the
wave theory of light.

Minimum quantftatzpe requzrements are Zlmitéd to
applications of the relationship n A = d g, where n = 1.
L

Diffraction gratings and the spectroscope may be
presented at this time.

Light from a point or line source is
diffracted and praduces interference
patterns when passing thrgugh a single
narrow slit. ‘

The width of the central maximum
varies directly as the wavelength
and inversely as the width of the
slit,

When light passes through an opening

[ |
fn center' line
i a
; '
8 ;
>
o |
[}
—— s —f o

Diffraction pattern for méﬁéchramatic light.

Minimm réQﬁirem@nté‘ﬁré Zimitgd to rég@gﬁitiaﬁ of the
amang mgvelength slzt wi&%ﬁ and the diff%aéﬁtan
pattem.

of limited size it is diffracted. If .

two sources are close, their dif-
fractlen patterns may averlap

The resnlutlgn of an optical 1nstru- o

ment is a measure of its ability to
separate inages of Db]ECtS that are
close tnge*her ‘ :

The resalutlan'variéé directly as

the diameter of the opening. .

This places a theoretlgal 11m1tatian on the magnlf;catlan
p9551ble with an nptical 1nst:ument




Understandings and Fundamental Concep 57

Interference effects produced by
thin films, are caused by a differ-
ence in the optical paths of light
reflected from the two surfaces of
the film.

Maximum constructive interference
occurs when the path difference is
an even numberx af half wavelengths.

A&ﬂimum requ*
identical phe
the film, fo:
light,

If change of
should be int
studied,

2 TIEDSVEISE
nature of
light

. Electromagnetic

radiation

1. Electro-
magnetic
spectrum

ultrav;glet, X-rays,

The palarlzatlan cf light waves is
evidence of their transverse nature.

Electromagnetic radiations are trans-

verse wave disturbances that are
propagated through space with the
speed of light.

Electromagnetic radiations are
generated by acceleratlng charged
particles.

The electramagnetic spectrum includes
radio waves, infrared, visible light,
and gamma rays.

The different effects on re:31vers

”iare due to dlfferences in frequency

_}QL;ght isa small pBItlun af the
'"electrnmagnetic spectrum.

The developme
electric and

‘ranggs of fre

derived from
frequency rar

As the freque
radiation bec

Minimum rgqui

. standings of

cmd prapgrtié



Jnderetandlngs and Fundamental Concepts

Suppiementarz»Infermetlen

Interference effeete produced by
thin films, are caused by a differ-
ence in the optical paths of light
reflected from the two surfaces of
the film,

Maximum ¢ astructive interference
occurs when the path difference is
an even mumber of half wevelengths.

Minzmum Pequzremente are 1zm1ted to felme in whzeh
identical phase shifts occur at both surfaces of
the film, for normal incidence and monochromatic
Light.

If change of phase on reflection is considered, it
should be iatroduced when pulse reflection is
Stﬂdi&di

The pelarlzetlen of light waves is
evidence of their transverse nature.

Electromagnetic radiations are trans-
verse wave disturbances that are
propagated through space with the
speed of light. ’
Electromagnetic radiations are

- generated by eeceleratlng charged
particles.

The eleetremagnetlc sPeetrum includes

radio waves, infrared, visible light,

‘ultraviolet, x-rays, and gamma rays.
The different effects on receivers
‘are due to differences in frequency

7L1ght is” Small pertlen of the
““eleetremegnetle.speetrum -

The development of this concept may be delayed until
electric and magnetic fields have been studied,

The divisions are not well defined, but rather represent
ranges of frequency which overlap. The names were
derived from the types of sources as well as from the
fIEqueney ranges.,

As the flequency increases, the wave neture of the
radiation becomes less apparent.

‘.i-,Mznzmum requeremente are Zemzfed te qualeteteve undér—_.
 standings of the relative ffequeﬂeeeeg wavelengths,
S‘end peepertees ej’the vereeue perteene ef'the epeetrum :



TaEics

2, Sources of
electro-
magnetic
radiation

tinuous
spectra

Understandings and Fundamental Concepts

,Electromagnetlc radiation may be
produced by various sources.

1ncandeqcent SQlldS and l;qulds and
by incandéscent gases under extremely
high pressure.

b. Line Line spectra are produced by luminous Qther typeﬂ

spectra gases and vapors at low nressures. of closely
Line spectra originate in the atoms produced.

of the.:hemicalmelements. molecular 3

3. Doppler
effect

Electrﬂmagnetlt radlatlgns exh1b1t ;i
the Doppler effect.

If the distance between the source

and the receiver is decreasing, there

is an increase in the observed
. frequency.

I1f the distance between the source
and the receiver is increasing, there
is a decrease in the QbSérved S
frequency. -

Since the s
the observe
fA = ¢c.

Some types

‘The radial
~spectral sh

, the Doppler
.- it transmit




Understandings and Fundamental Concepts - Supplenentary Infornation.

of Electromagnetic radiation may be
- produced by various sources.
c
on
Continuous spectra are produced by
ous incandescent solids and liquids and
tra by incandescent gases under extremely
high pressure.
Line spectra are predueed by luminous - Qther typee of spectra, called band epeetre “consisting
tra gases and vapors at low pressures, of closely spaced spectral lines, are sometimes
Line spectra originate in the atoms  produced. They have their origin in meleeulee or
of the chemical elements molecular ions. |
Electromagnetic redletlens exhlhit : Slnee the epeed is cenetent in epeee the ehengee in
the Doppler effect. -~ the ebserved frequency end wavelength are such that
| fA =c.

If the distance between the source : : :
and the receiver is decreasing, there Some typeeeef,reder depend on the Doppler effect.
is an increase in the observed e

~frequency.

If the distance between the source - The radial velnc1ty of stars may be fhund by thelr
* and the receiver is increasing, there_ ,spect:el ehlft
1is a decrease in the observed o
frequeney L The epeed of an eerth satelllte may he determlned frem |
' ' the Doppler shift in the frequeney nf the IadID waves -
it trensmlte. ;, o '

h;:When reder Waves are refleeted frem a mev1ng ob]eet the
»'=,:‘frequency.of;the reflected wave is increased 1f the !
| "DbJEEt_l vePpreeehlng the reeelver j o .

~ due to a Deppler ehlft




Topics

I. Static
Electricity

A, Micro-
structure of
matter

gbﬁﬁ?n;-

Understandings and Fundamental Concepts

Static electricity deals with

alzctrical charges at rest.

The basic unit of molecular structure
is the atom.

Three of the units of which atoms are -

composed are electrons, protoms, and

neutrons.

Electrons are negatively charged,

" protons are positively charged, and

neutrons are neutral.

The protans and neutrons are faund in

the nucleus of the atgm."

The ele¢tran5 are fhund DutSLdé the

‘nucleus.

Neutral atoms have equal numbers of

El%btfﬂﬂs and prutanqi

,"Pratans are not Ieadlly remaved fram N
‘the nuclei of atoms. o

i
=
.

s [N

27

The term ':
charge in ;
be implied
motion.

Since this
7-8-9 and
atomic str

.Protons in

forces. P
explain wh

;ferred in

: The electy
_ protan th
]jvrare equal




ELECTRICITY -

Understandings_andiFundgment317ng§§pt§

Static electricity deals with
electrical charges at rest.

The basic unit of molecular structure
is the atom.

Three of the units of which atoms are
composed are electrons, protons, and
neutrons.

Electrons are negatively charged,
protons are positively charged, and
neutrons are neutral.

The protons and neutrons are faund in
the nucleus of the atom.

The electrons are found out51de the
nucleus,

Neutral atoms have equal numbers of
electrons and protons.

Protons are not readily removed from

- the nuclei of atoms.

 Supplementary Information

The term 'at rest' indicates that the net flow of
charge in any given direction is zero. It should not
be implied that the charges themselves are mot in
motion.

Since this material is usually cave:ed in science
7-8-9 and in chemistry, only a brief review of
atomic structure should be necessary at this point,

'Pratens in the’ nucleus ‘are lield tagether by nuclear

forces. Protons are relatively massive. These facts

'j'explaln why electrons rather: than pratans are trans—-

: ~‘?jferred in. a charglng pracess.,_.

g 'S -

' pfOtDﬂ the' smalles_ poéltive charge
. are. equal in. magnltude and epp951te 1n 51gn

These charges




B. Charged
objects

C. Transfer of
charges

1@'

£l

Conservation
of charge

. Separation
of charge
by contact

. Conduction

. Induction 1

_Understandings andfFundamental-C@nceptgg

An object which has a deflclency of

electrons is charged positively; one
- which has an excess of electrons is

charged negatively; and one with an

equal number of electrons and protons

is neutral.

~Unlike charges attract and like

charges repel.

Charges may be. ‘transferred from one
object to another.

‘The net charge in a closed system is

constant.

When different neutral objects are |
brought together, electrons may be

transferred“frgm3cne to the ather.

) by aantact w1th a charged gbject

Ag abgegt charged by canductlan

w‘,ﬁ  ;,;acqu;re5 the same kind nf charge as
",Q;Gthe charglng ijectﬂ“ S Ee

'Inductlﬁn is a Pracess'by whlch a. S
ifcharged cbjegt causes a redlstr;-" |

-11?5butlcn af the charges Qf,anather

*'"ffAn gbjéct may b

charged by 1nduct1cn

;_ﬁ,fby tempﬂrarlly gruundlng it whlle 1t
-z is:mear to; but not. tauching,-

,:,ﬁ?f7charged GbJPEt
L DPPDSltE tg that Qf the charglng cbject

o ’23[?1;';;}

It acquires. 7}charge

:_A neutral
- because of
_object.

R

In genera

of electr

Use the e
of an ele

This fund.

It may be
Pair prode
charge.

This is us
contact.




Understandings and Fundamental Concepts

An object which has a deficiency of
electrons is charged positively; one
- which has an excess of electrons is
chaﬂged negatlvely, and one w1th an

is neutral

Unlike charges attract and like
charges repel.

Charges may be transferred from one
object to another,

The net charge in a closed system is
constant,

When alfferant neutral objects 2ge.
brought tagather electrons-fay be -
transferred from one to tha cher

A neutral ab;ect may becoma charged
by cantact wath a chargad object

An DbjEEt charged by cnnductlan
7;‘acqu1res the

be temporarlly‘groundlng it whlle it

gcharged obgact It acqu1res¥a3charga

ab;ect. i

f.?5j;j;;g;i3jﬁ;é-- .

Supplementary Information

In general, matter becomes éhaagad through a transfer
of electrons.

Use the electroscope to show the presance and nature
of an electric charge.

This fundamental law should be stressed.

It may be pointed out that this law applies universally.

Pair production is an example of conservation of
charge,

 ;Th1s is ‘usually accamplashad by rubbing to increase |

sama;kand of cha:ga as R

.j A neutral abgaat is attracted by a chargea Dbject
"~ because of a radlstrlbutaan of charge on: the nautral
'~‘_Db]ECt :

“is-near to, but not.touching, a “\~~--r=ﬁ“l'v:-* s




Topics

. Elementary
charges

=

| charge

- E: F. Coulomb's
' law

Understandings and Fundamental Concepts

Any charge is made up of integral
multiples of a-minimum charge called
‘the elementary charge.

The charge of the electron is one
negative elementary charge.

The charge of a proton is one positive
elementary charge.

The quantity of charge a body
possesses depends on its excess or
deficiency of electrons.

The unit of charge in the MKS system

is the coulomb.

The force between fixed point charges

‘is directly proportional to the
product of the charges and inversely
' proportional to the square of the

o dlstance between them

.7.When a charged abgect is brgught near
o ”i."]'another charged iject a, ft‘ll‘t.‘.e acts 1
| »;ji'an each obgect : ﬁ;A¥, B |

~has a magnitude of

, Qf‘thézr mggnttudé

Evidence for the g3
of charge will be ¢
an electric field I

The coulomb is defi
will be cnn51dered'

One coulomb repres;

6.25 x 10%8 electr

constants need not

Annimum quantztatz

AFs—a—,apF;

-matgly 9 m 209 E%%

_Jm@vipzssd

applzeatian of the
99
2.

' fCharged DbJECtE ma
~ when they are smal
“mthem o




Understandings and Fundamental Concepts

Any charge is m.de up of integral
multiples of a minimum charge called
the elementary charge.

The charge of the electron is one
negative elementary charge.

The charge of a proton is one positive
elementary charge.

The quantity @f charge a bady
defﬁc;encv of electrans

The unit of charge in the MKS system
is the coulomb,

is directly proportional to the

~product of the charges and 1nversely FE

proportional to the square of the k
dlstance between them :

When a charged ijEct is‘Bréﬁghtmﬂear foe
another charged. Dbject a fcrce acts 1

o oneach object,

6.25 x 1013

Supplenentary Inforuation

Evidence for the granular nature
of charge will be studied after the concept of
an electric field has been introduced.

The coulomb is defined in terms of the ampere which

will be considered in a later section.

One coulomb represents an excess or deficiency of
electrons. The elementary charge, e,

has-a magnltude of 1.6 x 10° 49 coulomb, These
constants need not be memorized, but an appreciation

 of their magnttudé should be deuelapéd

‘_memaz*z.ssd

The force between fixed PDlﬂt charges"-f-Mznzmum quant%tatzvs requtﬁemEﬂts are szmted to

applzgatian af thé relatzansth
zqs q

2 or F k Tke vglue of k appramm-
S I ‘P .
i}*matsly 9 m 209 Héwtﬁﬂ méter 'ﬂggd nat bg |

eaulamb

| ETQi;Charged objects

smay be can51dered ta be pelnt chargeS‘ :

'*'f?when’they are mall cnmpared fo the dlstance between

"‘“  f*them




Topics

[*]6. Electric
fields

1. Field around
a point
charge

" 2. Field around .

- a unlformly

eharged ch,fif

Understandings and Fundanental Concepts

_fThe field araundgv
- rod is radlally‘dlrected and its

f1nten51ty varies: ;nversely with the
“g'*dlstance frcm the rod ' :

An electric field is said to exist in
any region of space in which an
electric force acts on a charge.

An electric field exists around every
charged object. The electric field
intensity is a vector quantity.

The magnitude at a point, is equal

to the electric force per unit charge,
The direction of the field is the
direction of the force on a positive

‘The field around a pe;nt charge is
_radial.

',The ;nten51ty of the fleld varles

;dlstance fram the palnt charge

The fleld araund a charged conductlng
: 'sphére acts as though all the charge
. were cancentzated at the center. The .
. field, Wlthlﬂ a; ﬁharged cgnducting

sphere 1is zero.

,unlfbrmly charged

Supp!

Minimm quantitative

appliéati@ﬂs of the »

‘experimentally to a k

It should be pointed
~ not fqllaw ‘the inverﬁ

Similarity between el
charge or a uniformly
gravitational field

~ From the relation E =

exerted on a charge 1
product of the charge
the MKS system the un
comparison, the gravi

(g

%; can be expres

For any charged condu

to its surface.

The field around a un

~ to that of & point ch

This inverse square 1




f}erstandingsrand Fundamental Concepts o Supplementary Information

g electric field is said to exist in Minimm quantztatave requzrgmgnts are limited ta
gny region of space in which an
glectric force acts on a charge,

pZLeatzans af the relationship = %«

B clectric field exists around every Similarity between electric field around a point
rharged object. The electric field charge or a uniformly charged spherical body and the
fntensity is a vector quantity, gravitational field around a sphere may be pointed out.
[he magnitude at a point, is equal From the relation E = g-, it follows that the force

o the electric force per unit charge,
[he direction of the field is the
llirection of the force on a positive
Eharge,

exerted on a charge in an electric field is the
product of the charge and the field intensity, In
the MKS system the unit for E is in nt/coul. In
comparison, the gravitational field strength

(g = ;a can be expressed as newton/kilogram,

For any charged conductor, the field lines are normal
- to its surface.

Ihe field around 2 point charge is The field around a uniformly charged sphere is similar

adial, to that of a pa;nt charge.

qhe intensity of the field varies This inverse square law relationship has been verified
nversely with the square of the . experimentally to a high degree of accuracy.
ilistange fram the point charge. - | .

[he field around a charged conducting

sphere acts as thaugh all the charge =~
pere concentrated at the center. The

Field within a charged canduct;ng |

&phere is zero. :

e field érﬁtﬁ&"éfﬁﬁifﬁfﬁly‘éhérgé& o th sheuld be pﬂlntEd out that this relatlanshlp doeé’
bod is radlally directed and its . not fbllaw the 1HV%TSE square law

.Lnten51ty varies lnversely W1th the -
[lis tance frgm the. rod




TQEicsf Understandings and Fundamental Cancgpts

3. Field The field between two parallel The essentially u
between two charged plates is essentially uniform  parallel plates p
parallel if the distance between the plates force on a given
charged is small compared to the dimensions =
plates - of the plates.

4, Electric The electric potential at any point When a charge is
potential in an electric field is the work electric field, w

required to bring a unit positive ~ potential energy
charge from infinity to that point. When the charge m
« . is dane by the fi

' In bath cases ene

The similarity be
potential energy

“H.' Potential - The Pgtential d;fference between |
difference * two points in an electric field o ‘ |
' is the change in energy per unit charge o 1 i
as a charge is moved from one palnt to S
 the other. \
- *1, The volt The MKS unit Df electrlcal pntent;al © - Minimum quantitat
| is tha valt o N  .applications of 1
»: L EEU | 'ﬁalt _ joules .
 The v volt 15 a pntentlal dlfference Rt voulomb
.+ .that exists between-two: palnts ‘if one | gaul,_
.. joule.of work: 1s;requ;red to transfer - _ W
g come. cnulamb”,.f;harge-frcm one palnt »~_'-x~?«_*'-q .
.- to the other agalnst the ElECtIlG B o
- "'_fﬁl’ﬁ% T .
*2 The electranff_iAn electrgn valt is the energy . Minimum quantita:
vglt ,kgaggrequlred to.move-one. elementary ﬁg,gapplzgattans of
- ...charge thraugh a: patentlal dlffEIEﬂCE}ig" _.electron
T iR L ve Zt =
e oof ane vnlt SR L slgmentw

" Ht ol




Understandings and Fundamental Cnncepts

The fleld'between two parallel
charged plates is essentially uniform
if the -distance between the plates

is small compared to the dimensions
of the plates.

The electric potential at any point
in an electric field is the work
required to bring a unit positive
charge from infinity to that point,

The'pétential diffexence between
two points in an electric field
is the change in energy per unit charge

as a charge is moved from one palnt to

the other.

The MKS unlt of elegtrlcal patentjal
is the volt.

The volt is a potential difference
-that exists between two.points if one
“joule of work. is requ;red t0. transfer
_one: coulonb of charge from one palnt

to the cther agalnst the ElECtrlc PR

jfnrce

nAn electrﬂn valt is the energy -
';requlred to.move one- elementary: -
~charge through a patentlal dlfferenze
_cf one: valt S

ynfﬁi eleetran izlt
": 1 uaZt

Supplementary Information

The essentially uniform nature of the field between
parallel plates produces a very mearly constant
force on-a given charge placed anywhere in the field.

When a charge is moved against the force of an
electric field, work is done on the charge, and the
potential energy of the charge is increased.

When the charge moves in response to the field, work
is done by the field and the potential emergy of the
charge is decreased.

- In both cases energy is canserved

pgtentlalvenergy sh@uld be_notedv

| ‘appligatz@ns af thg relatzansth; |
. volts

gangs L
o eaulamb ' o ‘
1'W o
po=—=
q

| 'Minﬁmwﬂ quantitatzvs requzraments are Z@mzted to
**u;;appltcatZQns of - the: raZdtzanship,5 | -

2 leotron volts.
elgmentary chargé

-51;60 2 10 i gaule
60 @ 10719 gaule
éZsMQHtary charge -

: ~,’5Thssg valués néed naf be menartged SRR S ;f; ;




- Understandings and Fundamental Concepts

*3, Electric The 1ntens;ty Df an electric. fia]d The relat
field in may be expressed in terms of the - shown as
terms of change in potential/unit distance -
electric (volts/meter ).. . - - | ’.‘Vélts:
potential R o

o

Valts :
meter

Iﬂ n
[P -

Aﬁﬁimum ¢

I. Grarular nature of  Millikan measured the forces on Jh-Thegfundz
charge. The charged oil drops in a uniform o ds the‘éi
Millikan electric field. He found that the o

_experiment L electric forces were always 1ntegral ot
| multiples of a small constant. Since

the - force is. prapcrtlcnal tothe

charge it follows that there.isa . . .~ . .7

, ~fundamental unlt cf charge

BT

'H.II_aElectric- ‘~-' : An electrlc current 15 a flaw gf o
o current - - o electr;c :harge ' ST

""&iA@ﬁCéﬁﬁﬁéﬁiviﬁf_v-Qf*[SGl;ds vary in ‘their abllitj to-
.in'solids -~ conduct an electrlc current N




Understandings and Fundamental Concepts

Supplementary Information

The intensity of an electric field
may be expressed in terms of the
change in potential/unit distance
(volts/meter ).

The relationship between v/m and nt/coul. may be
shown as follows
_ joules _ nt.m,

coul, ~ coul.

Vclts

Volts

meter

nt,
coul.

Minimum quontitative requivements ave limited to the

relationship, F = %—-

Millikan measured the forces on
charged oil drops in a uniform
electric field, He found that the
electric forces were always integral
multiples of a small constant. Since
the force is proportional to the
charge, it follows that there is a
fundamental unit of charge.

An electric current is a flow of
electric charge, .

- Solids vary in their ability to
conduct an electric current.

- The conductivity of solids depends on
the number of free charges per unit
~_Volume, ‘

The fundamental unit of charge (the elementary charge)
is the charge of an electron or proton and is

equal to l.ﬁxlb'lgAcoulomb,

Since the word "current" means a flow of charge, the
use of such phrases as "current flow" is, strictly
speaking, redundant. However, the use of terms
which are in general use may clarify concepts.

" Tn general, metals are good conductors of electricity
- and nonmetals are poor conductors, |



Topics

B. Conductivity
in liquids

C. Conductivity
in gases

D. Conditions

necessary for

a current

Understandings and Fundamental Concepts

Conductors are substances in which
there are many free electrons.

Insulators are substances in which

‘there are few free electrons.

Liquids vary in their ability to
conduct an electric current.

Many chemical compounds, called
electrolytes, dissociate in aqueous
solution into positively and negatively
charged particles called ions. In

such solutions both positive and
negative ions are free to move;
therefore, the solutions can conduct

an electric current,

current.

Gases, which are normally composed
almost entirely of neutral molecules,
may be ionized by such means as high
energy radiation, electric fields,
and collisions with particles.

In an ionized gas there may be
positive ions, negative ions, and
electrons which are free to move.

A patentiél difference is required to
maintain a flow of charge between two
- points in a conductor,

”15? _‘1i3

br i of

=
jm

No solid is a perfect
solids, such as glass
conductivity is so lov
they may be considerec

Some materials whose 1
metals and insulators

Water is the most coms
solutions.

Motion of positive chs
equivalent to motion ¢
other direction. |

Expérimeﬁtg in electrq
granular nature of ch;

Ionized gases, known :
common phase of matte;
found in space outsidy
stars, the streams of
and the Van Allen belj
of this fourth phase




;§tagdipgs;and Fundamental Concepts

juctors are substances in which
e are many free electrons.

lators are substances in which
e are few free electrons.

1ids vary in their ability to
luct an electric current.

y chemical compounds, called
ctrolytes, dissociate in aqueous
ution into positively and negatively
rged particles called ions. In

h solutions both positive and

ative ions are free to move;

refore, the solutions can conduct
electric current.

ized gases conduct electric
rent.

es, which are normally composed
ost entirely of neutral molecules,
- be ionized by such means as high
rgy radiation, electric fields,

| collisions with particles.

an ionized gas there may. be
itive ions, negative ioms, and
ctrons which are free to move.

otential difference is required to

ntain a flow of charge between two
nts -in a conductor.

Supplementary Information

No solid is a perfect insulator, but in some

solids, such as glass and fused quartz, the
conductivity is so low that, for practical purposes,
they may be considered nonconductors.

Some materials whose resistivities lie between
metals and insulators are called semiconductors.

Water is the most common solvent in electrolytic
solutions. .

Motion of positive charges in one direction is
equivalent to motion of negative charges in the
other direction,

Experiments in electrolysis may be used to show the
granular nature of charge. |

Tonized gases, known as plasma, are the fourth and most
common phase of matter in the universe, Plasma is
found in space outside our protective atmosphere. The
stars, the streams of ions that radiate from the stors,
and the Van Allen belts around our planet are examples
of this fourth phase of matter.



E. Unit of
current

F. Resistance

1. Unit of
resistance

2. Resistance
in conduc-
tors

" %3, Ohm's law

Understandings and Fundamental Concepts

The unit of current is the ampere.
It is a fundamental unit.

A current of one ampere transfers
charge at the rate Df one coulomb
per Escund

Resistance is the ratio of the
potential difference across a con-
ductor to the current in it,

The MKS unit of resistance is the ohm.

The resistance in ohms is the ratio
of the p@tentlal difference in volts
to the current in amperes.

The resistance of a conductor of
uniform cross-section and composition
varies directly as its length and
inversely as its cross- sectional area.

Generally, in metals the ratio of
potential- difference to current is
constant at constant temperature.
This relationship is known as Ohm's
law,
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Understandings and Fundamental Concepts Supplementary Information

The unit of current is the ampere. The ampere will be defined later under magnetism.
It is a fundamental unit. |

A current of one ampere transfers
charge at the rate of one coulomb
per second.

Resistance is the ratio of the AC eonsiderations ave ezeluded,
potential difference across a con- :
ductor to the current in it,

The MKS unit of resistance is the ohm.  The symbol "Q" is used to represent the ohm.

The resistance in ohms is the ratio
of the potential difference in volts
to the current in amperes.

'Thelreeietenee ef'e‘eenduefer ef  This relationship ie expreeeed as R = P%a§ where R

'is the resistance of the given conductor in ohns,
P is its resistivity, L is its length, and A is its
cross-sectional area, Only a qualitative undEPetanding
of this reletzane?ep 18- requered

veriee_direetly as its 1ength and
inversely as its cross-sectional area,

In the metric system the reeistlv;ty of a substance
~is defined as the resistance of a cube with edges
‘1 meter leng at a glven temperature (usually G“ C

or 20° C)
Generally, in metals the ratio of | Dhm'e law is usuelly expreseed methematlcelly as V = IR.
potential difference to current is - Ohm's law is specific for certain materials and not
constant at constant temperature. “a general law of electricity. However, since this
This reletlonehlp is knewn as Ohm's ,reletlonshlp holds for metallic conductors at eenetent
law, | '*tempeIeEure found in ordinary eleetrie ElICUltS, it

is ef greet preetleel 1mpertanee

.In vacuum tubes trenelsters gee dlsehergee end
eleetrelytlc_eells ‘the reletlenehlp may not: be linear.

f;%%if giE) !




Topics -

4, Temperature

G. Conservation of

charge and
energy in
electric
circuits

1. Conservation

of charge

2. Conservation
of energy

H

~ Understandings and Fundamental Concepts

In general, the resistance of metals.
increases with increasing temperature.

The resistance of nonmetals and
solutions usually decreases with
increasing temperature,

A circuit is a closed path in
which a current can exist.

Circuit components may be connected

in series, or in parallel, or in
combinations of these.

The algebraic sun of the éurrents |

equal to zero.

The algebraic sum Df all the potential
drops and applied voltages around a

3 ccmplete circuit is equal to zero,

. - .
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Understandings and Fundamental Concepts

In general, thé resistance of metals
increases with increasing temperature;

The resistance of nommetals dnd
solutions usually decreases with'
increasing temperature.

A circuit is a closed path in
which a current can exist.

Circuit components may be connected
in series, or in parallel, or in
camblnatlans of these,

The algebraic sum of the currents
entering any circuit junction is
equal to zero.

The algebraic sum of all the potential
drops and applied voltages around a
complete circuit is equal to zero,

© 35
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Supplementary Information

At extremely low temperatures some materials have
no measurable resistance. This phenomenon is
known as superconductivity.

In some materials, for example, certain semiconductors,
the relationship between temperature and resistance
depends upon the temperature. range.

Minimm requivements will be limited to an under-
standing of series and parallel D.C. ctrcuits
individually. Series-parallel combinations will

not bé required,

Tniternal resistance and line dron are not required,
However, these concepts may be discussed when doing
laboratory work on c;rcu;ts

The correct method of using meters to measure current
and voltage should be discussed. Details of the
construction of meters are not requived.

This is Kirchoff's first law.

For any point in a circuit the sum of the currents
entering the point is equal to. the sum of the

. currents leav;ng 1t

This is Kirchcff'sgsecdnd law,

For any s;n@le circuit, the sum of the vcltage ‘drops

s, equal to the applied voltage.

- The relatignships among current, voltage, and
~resistance in D.C. circuits may ‘be derived from

Klrchcff‘s 1aws and Ghm's law.



Topics

*3., Series
circuits

¥4, Parallel
circuits

- *5. Electric

power

.Electric

Understandings and Fundamental Concepts

A series circuit 1s one in which there
is only one current path.

In a series circuit
° the current is the same in all its
components.
° the total resistance is the sum of
the resistances of its components.
-the potential drops across the
individual components are pro-
portional to their resistances.
° the sum of the potential drops is
the same as the total applied
potential.

A parallel.circuit_is}cné in which
there is more than one¢ current path.

In a parallel circuit
° the potential drop is the same
across each branch of the circuit.

° the total current is the sum of the
branch currents.

° the sum of the reciprocals of the
branch resistances equals the
reciprocal of the combined
resistance.

_power is the time. rate at
which electrical energy is expended.

" For ésnductérs'whicﬁ Dbéylﬂhm' law,

the power in watts is equal to the

_product. of .current in amperes and the

potential difference in volts.

Miﬂimum quc
applicatios
relationsh:

B
0 o o

Minimum quc
app21aat1§ﬁ
ships:




A series circuit is one in which there
is only one current path.

In a series circuit

° the current is the same in all its

components,

® the total resistance is the sum of
the resistances of its components.
the potential drops across the
- individual components are pro-
portional to their resistances.
the sum of the potential drops is
the same as the total applied
potential,

A parallel circuit is one in which
~ there is more than one current path,

In a parallel circuit
° the potential drop is the same
across each branch of the circuit.
° the total current is the sum of the
branch currents.
° the sum of the reciprocals of the
~branch resistances equals the
reciprocal of the combined
resistance.

pawer is tﬁeftime rate at

.Electrié

For conductarsthlch'ﬂbey‘ohm's law,
the power in watts is equal to the
product of current in amperes and the
potential difference in volts.

)d‘

Supplementary Information

Minimim quantitative requirements are limited to
applications of Olm's law and the following
relationships: :

I, = i, = i =1

Minimum quantitative requirements are limited te
applications of Olm's law and the following relation-
ships:

. Since the drop in patentlal reprpsents the work |
‘done per unit charge, it follows that, in MKS units,

po Joules . coul = AEEEEE,E' watts,
- coul, 7 sec. sec
From the relatlanship above, P = VI, “From Ohm's law
2

V= IR Thus, P = T'R.

Minzmum quantitatzvs requirements are limited to
-~ applications involuing. relationships among power,

51 current, u&ltagé and rezmst:mczé




Topics

*6. Electric
energy and
heat

I17.Magnetism

Ai'Magnetic force

- B. Magnetic field

Understandings and Fundamental Concepts

The energy used in an electric circuit
is the product of the power developed
‘and the time during which the flow of
charges persists,

In addition to gravitational and
electrostatic forces, there is also
“a magnetic force,

" A'magnetic force is a force between

‘charges in relative motion.

A magnetic field exists in a region

~where magnetic forces may be detected.

# o
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Understandin s and Fundamental Can¢5pts

The energy used in an electric circuit
is the product of the power developed
and the time during which the flow of
charges persists,

In addition to gravitational and
electrostatic forces, there is also
a magnetic force.

A magnetic force is a force between
charges in relative motion.

A magnetic field exists in a region
where magnetic forces may be detected,

Supplementary Information

The relationship between electrical and mechanical
power should be discussed.

Minimm quantitative requirements ave limited to
applications of the relationships,

Bnergy transferred = VIt = I°Rt = P,
Energy in joules may be converted to kilocalories
using the constant in the reference table.

Point out that this relationship assumes the
principie of conservation of energy. Reference may
be made to Joule's original work.

Convenient forms are:
2 VZ

Q=1IRt, Q= R t,and Q = VIt

The general properties and uses of magnets and the
compass should be familiar to students. A review
of these concepts may serve as an introduction to
this section,

Magnetlc fields exist in the reg;ans around magnets
and ElECtIlC currents. -
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Topics -

Direction

. Magnetic

flux lines

. Flux

-density

a. Perme-

ability .

‘Understandings and Fundamental Concepts

The direction of the field is, by
convention, the direction in which the
N-pole of a compass would point in the
field.

A magnetic field 1s mapped by magnetic
flux lines (lines of force),

Magnetic flux lines are imaginary

lines useful in mapping a Field, The
lines show the direction of the field.
Flux lines always form closed paths and
never cross.

 The flux density is the mumber of flux
- lines per unit area and is proportional

to the intensity of the field. It is
the force exerted per unit current per
unit length when the current is
perpendicular to the field.

Permeability is the property of a
‘material which changes:the flux:

value in a vacuum,
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Understandings and Fundamental Concepts

The direction of the field is, by
convention, the direction in which the
N-pole of a compass would point in the
field.

A magnetic field is mapped by magnetic

flux lines (lines of force),

Magnetic flux lines are imaginayy

lines useful in mapping a field, The
lines show the direction of the field.
Flux lines always form closed paths and
NEVer Cross.

The flux density is the number of flux
lines per unit area and is proportional
to the intensity of the field. It is
the force exerted per unit current per
unit length when the current is
perpendicular to the field.

Permeability is the property of a
material which changes the flux
“density in a magnetic field from its
value in a vacuum,

~ Supplementary Infornation

The MKS wnit of flux is the weber.

For testing purposes the units of flux density will
b —newtons __webers
" ampere meter square meter '

Recently, this unit was naned tesla. The symbol for
tesla is T,

The field strength'af magnets is commonly measured in
gauss, A gauss is the cgs unit of flux density.

Heber , is equal to 104 gauss.

meters

The symbol for flux density is B, Flux density is
sometimes called magnetic inductiom,

The permeability of air is nearly the same as that
of a vacuum which is one,



Topics Understandings and Fundamental Concepts Suppl¢

4, Magnetic The magnetic lines of force caused by  The direction of the fiel
field around  a current in a straight conductor are  appropriate hand rule.
a straight concentric circles around the
conductor conductor, in a plane perpendicular
to the conductor.

5. Magnetic The field of a loop carrying a current The polarity can be dete:
field around  is such that the faces of the loop show rule.
a loop polarity.

6, Magnetic The lines of magnetic flux around a
field around  solenoid emerge from the N-pole of the
a solenoid solenoid and enter the S-pole.

Inside a solenoid the lines of force
are nearly parallel to its axis and
perpendicular to its faces.

The magnetic field streng.h of a A solenoid having a ferre
~solenoid is proportional to the electromagnet. The fielc
number of turns, the current, and core adds to the externa.
the permeability of the core,
' The field strength of a :
its shape.

C. Force on a A force is exerted on a current- The direction of the forc
current-carrying carrying conductor in a magnetic considering the increase
conductor in a field, if the conductor is not . of the conductor (additis
magnetic field parallel to the magnetic flux. The the other side (subtract:

force is perpendicuiar to both the “the force can also be de
field and the current. appropriate hand rule.

D. Force between The force between two straight This relationship is use
two straight .  parallel conductors in space is ampere is defined as tha
parallel proportional to the product of their  present in each of two p
conductors cuirents and inversely proportional .  length and one meter apa

© to the distance between them, -
If the current directions are the
same, the force is one of attraction,
If the current directions are

: E;g{
39

a force of exactly 2 x 1




Understandings and Fundanental Concepts Supplenentary Infornation

The ‘magnetic lines of force caused by  The direction of the field can be determined by the
a current in a straight conductor are  appropriate hand rule.

concentric circles around the

conductor, in a plane perpendicular

to the conductor, |

The field of a loop carrying a current The polarity can be determined by the appropriate hand
is such that the faces of the loop show rule,
polarity. |

The lines of magnetic flux around a
solenoid emerge from the N-pole of the
solenoid and enter the S-pole,

Inside a solenoid the lines of force
are nearly parallel to its axis and
perpendicular to its faces.

The magnetic field strength of a A solenoid having a ferromagnetic core is known as an
solenoid is proportional- to. the electromagnet. The field of the atomic magnets in the
number of turns, the current, and core adds to the external field,
the permeability of the core,
The field strength of a solenoid is also affected by
its shape,

A force is exerted on a current- The direction of the force may be determined by
carrying conductor in a magnetic considering the increase of flux density on one side
field, if the conductor is not - of the conductor (additive fields) and the decrease on
parallel to the magnetic flux. The the other side (subtractive fields), The direction of
force is perpendicular to both the = the force can also be determined by using an

field and the current. appropriate hand rule,

The force between two straight - This relationship is used to define the ampere, One

parallel conductors in space is ~ ampere is defined as that unvarying current which, if
proportional to the product of their present in each of two parallel conductors of infinite
currents and inversely proportional .  length and one meter apart in free space, will produce

to the distance between them, a force of exactly 2 x 1O;7Inewtons per meter of length.

same, the force is one of attraction.
If the current directions are. -

39
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Topics Understandings and Fundamental Concepts

opposite, the force is ome of
repulsion.

The col
the amy
The fo3
fields
E. Magnetic effects Charges in motion produce magnetic
of moving fields and are affected by them.
charges
1. Force on a The force on a charge moving in a  Minimu
moving charge magnetic field is proportional to applicc
the charge, the flux density, and the veloat
component of the velocity —_—
perpendicular to the field.
The direction of the force is A methc
perpendicular to the field and to ~ should

the velocity.

A movir
paralle
~ when ti

2. Force on a A single loop or a solenoid carfying
loop or a current experiences a torque in
solenoid a magnetic field.
~a. The This tﬁrqué applied to a coil No detc
galvano- provides the basis for the operation 5
meter - of the galvanometer and the electric
motor.
F. Magnetic nature All substances exhibit magnetic ~ - Diamagy
of matter properties. 3 ~ paramay
These
magnet
i E\E !
) e
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Understandings and Fundamental Concepts

opposite, the force is one of
repulsion,

Charges in motion produce magnetic
fields and are affected by them.

The force on a charga moving in a
magnetic field is proportional to

the charge, the flux density, and the
component of the velocity
perpendicular to the field.

The direction of the force is
perpendicular to the field and to
the velocity.

A single loop or a solenoid carrylng
a current experiences a torque in
a magnetic field.

This torque applied to a coil
provides the basis for the operation
of the galvanometer and the electric
motor.

ALl substances exhibit magnetic
properties,

40

Supplementary Information

The coulomb is the charge transferred by a current of
the ampere in one second.

The force is due to the interaction of the magnetic
fields of the two currents,

l_

R

RPN ‘ u L&

_Mintmum quantitatzve Péquzrements are szitgd to
applieattans of the relationship, F = quB, where the .
uglaazty and fie?d are péfpéﬁdiéuZaP

A method for determining the direction of the force
should be presented,

A moving charge experiences no force when moving
parallel to a magnetic field; the force is maximum
- when the motion is perpendicular to the field.

- o details of the construction of meters are required.

Dlamagnetlc substances reduce the flux den51ty,
paramagnetic substances increase the flux density.
These effects are generally weak except for ferro-
magnetic substances which are strongly paramagnetic.




Topics Understandings and Fundamental Concepts 5
The field around a permanent magnet -  Atoms of magnetic m;
is due to atomic currents (revolving microscopic cluster.

and ‘spinning electrons).

: Within a domain, th
Normally, thermal ag:
of the domains.

In a magnetic field
of others,

If the boundaries p
the substance is a -

1. Field around  Certain natural substance are magnets.
a permanent
magnet Magnets may be made. -

Magnets attract magnetic materials,
The attractive force is concentrated
at regions known as poles.

Like poles repel each other and
unlike poles attract.

The continuous lines of magnetic
flux associated with a magnet emerge
from the north pole and enter the
south pole.

IV. Electromagnetic An electric potential is induced A changing magnetic
Induction across a conductor when relative

motion between the flux and the
conductor produces a change in the
flux linked by the canductar

The magnitude of the induced pctentlal
is proportional to the rate at which |
the flux linked by the conductor changes.

If the conductor is part of a complete
circuit, the induced putential prgduces
a current in the cirecnit. .. ESES

B




Understandings and Fundamental Concepts

The field around 2 permanent magnet
is due to atomic currents (revolving

Certain natural substance are magnets.

Magnets may be made.

Magnets attract magnetic materials.
The attractive force is concentrated
at regions known as poles. |
Like poles repel each other and
unlike poles attract. ’

The continuous lines of magnetic
flux associated with a magnet emerge
from the north pole and enter the
south pole. '

An electric potential is induced
across a conductor when relative
notion between the £lux and the
conductor produces a change in the
flux linked by the conductor,

The magnitude of thE‘induced:poténtiél
is proportional to the rate at which-

Supplementary Information

Atoms of magnetic materials are grouped in
nicroscopic clusters called domains.

Within a domain, the fields of the atoms are additive.
Normally, thermal agitation causes a random arrangement

of the domains.

In 2 magnetic field, some domains grow at the expense

[£ the boundaries persist after removal of the field,
the substance is a pérmanent magnet.

A changing magnetic field constitutes 2 noving field.

~ the flux 1inkediby the canductar’Changés;

1£ the conductor is part of a complete
circuit, the induced potentia} produces

a current in the circuit. ..l.»

ERIC

IToxt Provided by ERI

"

56



Topics

(RIA. Magnitude of
an induced
electromotive
force

B. Generator
principle

V. Electromagnetic
radiation

Underétan@ings andwFundggenta}_@gp:eptsj'

e

The direction of the induced current
is such that its magnetic field
opposes the change that induced it.

The magnitude of an induced electro-
motive force is directly proportional
to the flux density, the length of
the conductor, and the speed of the
conductor relative.to the flux,

A conducting loop rotated in a uniform

continual change in the total
magnetic flux lines linking the loop.
This change induces a potential

across the ends of the loop which
alternates in direction and varies

in magnitude between zero and a
maximum,

The magnitude of the i~duced potential
is proportional to the component of

the velocity perpendicular to the

field and the intensity of the magnetic
field.

When the loop is part of a complete
circuit, the induced potential causes
a current in the loop. Since the -

~ induced potential is alternating,

the current is an alternating current.

Accelerating charges generate electro-

magnetic radiations which are |
propagated by an interchange of emergy -
between electric and magnetic fields.

42
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Understandings and Fundamental C@ncgpts

is such that its magnet;c field
opposes the change that induced it.

thlve forcg is dlIECtly propart;onal
to the flux density, the length of
the conductor, and the speed of the
conductor relative to the flux.

- A conducting loop rotated in a uniform
magnetic field experiences a

continual change in the total

magnetic flux lines linking the loop.
This change induces a potential

alternates in dlrectlon and varies
in magnitude between zero and a
maximum.

The magnitude of the induced potential
is proportional to the component of

the velocity perpendicular to the

field and the intensity of the magnetic

 field,

lete

When the loop is part of a comp!
circuit, the induced potential causes
4 current in the loop. Since the
induced potential is alternating,
the current is an alternating current.

Accelerating charges generate electro-
magnetic radiations which are
prcpagated by an interzhange Df energy

42

Supplenentary Information

This relationship is known as Lenz's law and is an
example of the law of conservation of energy.

Minzmum quantztatzvg réquzrgments are Zlmltéd tﬂ
applicatione of the relationship, E = Blv, where

the velagity and field are perpendicular,

detezmlned by an appraprlate hand Tule.

When the plane of the loop is perpendicular to the
field, the induced potential is zero.

When the plane of the loop is parallel to the field,
the induced potential is a maximum,

If electramégnetic radiation was studied earlier, it need
Otherwise that sect;un should be

only be reviewed now,
taken up at this leHt

PETlDdlC electramagnetlc rad;atlcn is caused by

._Qsclllatlng charges.




Understandings and Fundamental Concepts

VI. Electron Beams

A. Thermionic - Incandescent objects emit electrons. A space charge will
emission : objects which will i
| electrons.

B. Electron beams In an electric field between two
in an electric conductors the electrons move from the
field cathode to the plate. The cathode is
negative and the plate is positive.

C. Control of Electron beams are controlled by
electron beams electric and/or magnetic fields.

In an electric field the beam is
deflected by a force which is parallel
to the field and directed toward the
positive plate,

In a magnétic field the beam is An appropriate hand
deflected by a force which is the direction of del
perpendicular to both the beam and

the field,

D. Charge to mass The ratio of the charge on an electron The S ratio may be
ratio to its mass can be determined by n

- measuring the effects of a known Since the electror
magnetic field on a beam of electrons ences centripetal

of known kinetic energy.
A beam of electrons of known kinetic The electron gains
‘energy can be obtained by accelerating through a change i
them in a known electric field. This Therefore, the pot
method is used to determine the ratio ~ kinetic energy gai
of charge to mass of other particles. %_ mvz Ve (2) 4

Dividing both side

| | ’ Since the centripe
T by the magnetic fi

Q e e . AN .1 o IS J
— — o8 |
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Supplementary Information

Incandescent objects emit electrons,

In an electric field between two
conductors the electrons move from the
cathade to the plate The cathnde is

Electron beams are controlled by
electric and/or magnetic fields.

In an electric field the beam is
deflected by a force which is parallel
to the field and directed toward the
positive plate.

In a magnetic field the beam 1s
deflected by a force which is
perpendicular to both the beam and
the field.

The ratio of the charge on an electron
to its mass can be determined by
measuring the effects of a known
magnetic field on a beam of electrons
of known kinetic energy.

sne:gy can be abtalned by accelexat;ng
them in a known electric field, This

method is used to determine the ratio

of charge to mass of other particles.

Understandings and Fundamental Concepts

A space charge will be developed around incandescent
objects which will impede the continued emission of
electrons.

An appropriate hand rule should be used to determine
the direction of deflection.

The %—ratia may be obtained in the following way:

Since the electron follows a curved path2 it experi-
ences centripetal acceleration., a=Y

C

MH

The electron gains kinetic energy (1 ) by moving

through a change in electrical potential (V).
Therefore, the potential energy (Ve) lost equals the
kinetic energy gained by the electron,

1 2 ZVe

7 W= : Ve (2) and v (3)
Dividing both sides of (3) by r: §7,= E!EE,(4]

Since the centripetal force on the electrén provided
by the magnetic field is equal to Bev,




Understandings and Fundamental Concepts

~Topics

ma = -}

2Ve
m CEE?Q

Bev = F

Bev

From (3) v =

Substituting in

~ Since V, B and .
This relationshi}

E. Mass of the Since the charge of an electron is
electron known from Miiiikan's oil-drop
experiment, the mass of an electron
can be determined from the charge to
mass ratio.

44
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Since the charge of an electron is
known from Millikan's oil-drop
experiment, the mass of an electron
can be determined from the charge to
mass ratio.

- 2Ve
TR

(5)

Substituting in (6)
fm mr m BEIZ

Since V, B and r can be measured, §é may be obtained.

This relationship and its derivation are not required.

44



. Dual Nature of
Light

A. Wave phenomena

- B. Particle
phenomena

1. Photo-
electric
effect

ATOMIC AND NUCLEAR PHYSICS

Understandings and Fundamental Concepts

Light exhibits the characteristics of
waves and particles.

Interference, polarization, and
diffraction can be cxplained only on
the basis of a wave theory.

The photoelectric effect can be
explained only on the basis of
a particle theory.

The photoelectric effect is the
emission of electrons from an object
when certain electrumagnet;c radiation
strikes it. :

The rate of emission of photoelectrons
depends on the intensity of the
incident' radiation.

The maximum energy of photoelectrons
depends only on the frequency of the
incident radiation and the nature of
the surface.

For each photo- -emissive materlal there
is a minimum frequency below “which no
photoelectrons will be emitted.
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ATOMIC AND NUCLEAR PHYSICS

Light exhibits the characteristics of
waves and particles.

Interference, polarization, and
diffraction can be explained only on
the basis of a wave theory.

The photoelectric effect can be
explained only on the basis of
‘a particle theory.

The photoelectric effect is the
emission of electrons from an object
when certain electromagnetic radiation
strikes it.

The rate of emission of photoelec irons

depends on the intensity of the
incident radiation.

The maximum energy of photoelectrons
depends only on the frequency of the
incident radiation and the nature of
the surface,

For each photo emissive material there
is a minimun frequency below “which no
photoelectrons will be emitted.

O
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Supplementary Information

This duality is true for all electromagnetic radiation.

The dual nature of matter will be studied later,
Some phenomena are more easily explained by the

use of the wave model while the partlcle model 1is
more appropriate for others.

A review of these phenomena may be useful,

According to the wave theory, the maximum energy should
be relate& to. the intensity af the Tadiatian and any

if sustained long enaugh

 The emission of photoelectrons is a random phenomenon.



I1. The Quantum
Theoxry

A. The quantum

*]. Planck's
constant

B. Explanation
of photo-
electric
effect

- 1. Photon

*7. Photo-

electric

equation

Understandlﬂgs and Fundamental Concepts

The quantum theory was developed to
explain phenomena which could not be
explained by the classical theory.

Atomic oscillators emit or absorb
electromagnetic radiation only in
discrete amounts called quanta.

The energy of each quantum is propor-
tional to the frequency of the
radiation.

The constant of prapcrtlonallty be-
tween the energy of a quantum of elec-
tromagnetic radiation and its
frequency is called Planck's constant.

The photoelectric effect could be
explained by assuming that electro-
magnetic radiation is quantized.

A phutan is a quaﬂtum of 11ghL energy

* The photons of the electrumagnet;c

radiation act individually and their
energies are proportional to their
frequency and, therefore, inversely
proportional to their wavelength.

The maximum kinetic energy of the
released electrons is a linear
function of the frequency of the
photons.
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Understand;ngs and Fundamental Concepts

explaln phenomena wh;cn cnuld not be
explained by the classical theory.

Atomic oscillators emit or absorb
electromagnetic radiation only in
discrete amounts called quanta.

The energy of each quantum is. propor-
tional to the fr3quency of the
radiation.

The constant af proportionality be-
tween the energy of a quantum of elec-
tromagnetic radiation and its ’
frequency is called Planck's constant.

The photoelectric effect could be
explained by assuming that electro--
magnetic radiation is quantized.

A photon is a quantum of light energy.

The photons of the electromagnetic
radiation act individually and their
energies are proportional to their
frequency and, therefore, inversely
proportional-to their waveiength,

The maximum kinetic energy of the
released electrons is a linear
function of the frequency of the
photons,
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explalned by.assumlng that electvomagnetlc radlatian
is emitted or absorbed as quanta Planck annouﬁced

Mintmum quantitatzue reqyzrsmgnts are limited ta
applications of the relationship, E = hf, vhere E 18
the energy of the gleetfamagngtz; radtatian in joules,

h = Planck's e@nstavt (6,65 © 10° 3¢ gaule-sec) and
f = the frequency of the electromagnetic radiation in
gyelés/éec ~ (The value of Planck's constant need not

In 1905 Einstein proposed that electromagnetic radiation
was always quantized whereas Planck had proposed that
quanta existed only in the neighborhood of the emitter.

This relationship may also be expressed as E = %E-

Minimum quantitative requivements are limited to the
application of the relationship, Ek ) = hf -w.

The work function, v, depends upon the material.

The slope of the function above is Planck's constant.
The intercept on the frequency axis is the frequency
below which photoemission will not occur for the
material,



a. Threshold

frequency

C. Photon-particle
collisions

1. Photon
momentum

D. Matter waves

Understandings and Fundamental Concepts

The minimum frequency needed to eject
an electron from the surface of a
material is called the threshold
frequency.

The energy associated with the
threshold frequency is called the
work function of the material.

Both energy and momentum are conserved
in photon-particle collisions.

The momentum of a photon is inversely
proportional to its wavelength.

 Moving particles have wave properties.

The wavelength of a particle is
inversely: proportional to its
momentum.

=4'752
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Lnderstandlngs and Fundamental Concepts

The minimum frequency needed to eject
an electron from the surface of a
material is called the threshold
freQuency_

threshold frequency is called the
work function of the material,

Both energy and momentum are conserved
in=photan-partizle collisinns;

The momentun of a photon is inversely
proportional to its wavelength.

Moving particles have wave prcﬁerties,

The wavelength of a particle is
inversely proportional to its
momentum,

Supplementary Information

in 1922.

The Compton effect is explained in temms of the
conservation of energy and momentum in photon-particle

collisions. The momentum of the photons is expressed
as:E:E— all
wPET T TR

‘Although the photon carries momentum and can exert

a force, it does not and cannot have rest mass.
In any frame of reference in space the photon moves
with the speed of light and cannot be at rest.

De Broglie made this proposal ih 1924, It was based
on his intuitive feeling that nature is symmetrical,
that the dual nature of light is matched by a dual
nature of matter.

: Theoretically;,all matter has wave characteristics.

Under ordinary circumstances the wave nature of objects
is not significant, The waves have particular signifi-
cance when they are long enough to produce

diffraction patterns which can be observed. The wave-
length of such particles is determined from their

momenta: For example, A = %— where h is Planck's

constant and p = mv for low energies (speed small
relative to the speed of light).



ITI.

Topics

Models of the
atom

A. The Rutherford
model of the
atom i

1. The alpha
particle

2. Alpha
particle
-scattering

Understandings and Fundamental Concepts

On the basis of scattering experiments

Rutherford proposed a model in which
the positive charge of an atom, and
most of the mass, are considered to

. be concentrated in a small dense

core, called the nucleus of the atom,
with electrons widely separated from
the nucleus. Most of the atom is
space, i '

The alpha particie:is a helium
nucleus which consists of two protons
and two neutrons.

Most of the alpha particles directed
at a thin metal foil pass through
without being deflected. .Some are
scattered  through angles ranglng up

- to 180 degrees
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Understandings and Fundanental Concepts

On the basis of scattering experiments
Rutherford proposed a model in which

- the positive charge of an atom, and

most of the mass, are considered to
.be concentrated in a small deuse

core, called the nucleus of the a: om, '

with electrons widely separated irom
the nucleus. Most of the atom is
space.

The alpha particle is a helium

nucleus which consists of. two protons
and two neutrons.

Most of the alpha particles directed

- at a thin metal foil pass through

without being deflected. Some are
scattered through angles ranging up
to 180 degrees.

~and 9,0 Mev

Sgpp;ementa;y Informat ion

Davisson and Germer produced interference patterns
with moving electrons. The observed wavelengths

were equal to %-.

Alpha particles, directed at a thin metallic foil,
were observed to be scattered in all directionms.

The distribution of the particles as a function of
their scattering angle was experimentally measured.

partlcles The type cf nualear d151ntegrat1on Wthh
results in the emission of alpha partlcles is called .
alpha decay

Energles of alpha partlcles used ranged between 4,5
This correspands to velocities from .

1. 5 x 10° m/sec to 2.0 x 10 m/sec.

The unexpected and 51gn1f1cant result of this
experiment is the deflection of some particles
through sery large angles, almost 180 degrees.
both: the nuclei of the foil atoms and the alpha
particles are positively charged, the alpha particles
experience Coulomb forces of repulsion.

Since

The angle 8 through which the particle.is deflected
is called the scattering angle, The distance between
the path leading to a head-on collision with the
nucleus and the original path actually taken by the

-alpha particle is called the impact parameter.



Topics Understandings and Fundamental Concepts

3. Tra-
jectories
of alpha
particles

Alpha particles are deflected into
hyperbolic paths because of the
couloumb forces between them and the
positively charged nuclei of the
metal foil.

Su

As P gets smaller, 6
collision, where P =
of a head-on collisic

The force is expresse
the nucleus is Ze, wh

the elementary charge
equals 2e.

If the energies of the alpha particles
“are the same, the number of particles
‘ scgﬁiered beyond a given angle is a

fune

4. Scattering
~ and atomic
number

‘ion of the charge on each nucleus.

The radii of atomic nuclei are small
compared with the radii of their
respective atoms.

5. Dimensions
of atomic
nuclei

The ‘Bohr model of the hydrogen atom
consists of a positively charged
nucleus and a single elertron
revolving in a circular orbit,

B. The Bahr*mgdel--;
of the hydrogen
atom

Assumptions contrary to classical
theory are required to explain this
model. D

49

If one neglects relat
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Alpha particles are deflected i
hyperbolic paths because of the

nto

couloumb forces between them and the

positively charged nuclei of th
metal foil,

e

Supplementary Information

As P gets smaller, 6 gets larger until for a head-on
collision, where P = 0, 6 is 180°, The probability
of a head-on collision is extremely small,

The force is expressed as F = k gle . The charge on
, IZ

the nucleus is Ze, where Z is the atomic number, e is
the elementary charge and q for an alpha particle
equals 2e.

[ I =T |

If the energies of the alpha particles
are the same, the number of particles

scattered beyond a given angle

is a

function of the charge on-each nucleus.

el

The radii of atomic nuclei are
- compared with the radii of thei
respective atoms.

The ‘Bohr model of the hydrogen
consists of a positively charge
nucleus and a single electron
revolving in a circular orbit.

Assumptions contrary to classic
theory are required to explain
model,

small
r

atom
4

al
thiz

If one neglects relativistic effects, this dimension

" may be approximated by applying the conservation of

energy principle to head-on coliisions in alpha
scattering experiments. Thus,

M e vz _ kqle, |
2 B ’ B < N
between the center of the alpha particle and the center
of the nucleus Therefore,

T = ;@Lﬁz kz; - :

mf.g; v

where T represents the distance

“This relationship is valid only when the alpha particle
does not have sufficient energy to enter the nucleus.
The radii of atomic nuclei are of the order of 10~
meters. '

The Bohr model is not a general solution to the problem
of atomic- structure and has been replaced by a wave
mechanical model,
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Topics

1. Bohr's
assumptions

2. Energy
levels

Understandings and Fundamental Concepts

An orbiting electron dses not lose
energy even though it has an
acceleration toward the center.

Only a limited number of specified
orbits is permitted. Each orbit
represents a particular energy state.

When an electron changes from one |
enccgy state to another, a quantum
af ﬂnergy equal tu the difEETEﬂ;e

states is emltted or absarbEQ_

| ) ]
When gas molecules are bombarded by
electrons; the gas molecules can
accept energy only in discrete
amounts.

The process of raising the energy
-of atoms is called excitation,

Excitation energies are different for
different gases.

Excited atoms subsequently release the
energy as photons.

50

65

‘Supplementa

According to classical theory,
lose energy by emitting electro:
and spiral into the nucleus.

The pemitted orbits are those
momentum of the electron-is an .
of Planck's constant divided by
- 21

The change'in energy is‘given by

El and Ez

and £ is the frequency of the r:

are the respective enc

In 1914 J.. Frank and G, Hertz fi
concepts of stationary states or
by bombarding gas molecules with
molecules of gas accepted energy
only in discrete amounts. Excit
different for different gases.

Electrgns with energies lcwer th
gas moleculas,
The Frank-Hertz experiment demon

exciting atoms; other methods ar
electrical discharge, and electr

~ The potential .energy necessary t
an atom to a higher state is cal

resonance Jpotential.



Understandings and Fundamental Cancepts

An orbiting electron does not lose
energy even though it has an
acceleration toward the center,

Only a limited number of specified
orbits is permitted. Each orbit
represents a particular energy state.

When an electron changes from one
energy state to another, a quantum
of energy equal to the difference
between the energies of the two
states is emitted or absorbed,

When gas molecules are bombarded by
electrons, the gas molecules can
accept energy only in discrete
amounts,

The process of raising the emergy
of atoms is called excitation.

Excitation energies are different for
different gases.

-Excited atoms subsequently release the
_energy as photons.

Supplementary Information

According to classical theory, the electron should
lose energy by emitting electromagnetic radiation
and spiral into the nucleus.

The permitted orbits are those for which the angular
momentum of the electron-is an integral multiple

of Planck's constant divided by 2 m.

. Th

Wr =

\
The change in energy is given by: hf = E1 - Ez,-where

E1 and E are the respective energies of the two states,

and £ is. the frequency of the radiation emitted.

In 1914 J Frank and G. Hertz further strengthened the

conﬁepts cf statlonary states or f1xed energy levels
molecules of gas accepted energy from ‘the electrons
only in discrete amounts. Excitation energies were
different for different gases.

Electrons with energies lower than the discrete
excitation energies calllded elastically with the
gas molecules.

The Frank- Hertz experiment demonstrates one way of
exciting atoms; other methods are thermal:excitation,
electrical dlscharge, and electrcmagnetlc excitation.

The pntentlal energy necessary to change the :energy of

- . an-atom:to-a hlgher state is: called the excltation or
"resonance patentlal | T |




Topics

a. Ground
state

b. Ionization
potential

3, Standing
waves

IV. Atomic Spectra

*A, Excitation and
emission

Understandings and Fundamental Concepts

The lowest possible energy level is
called the ground state.

The minimum energy necessary to remove
an electron from an atom is called
the ionization potential.

Waves which describe the probability
of finding the electron at a
particular position can exist as
standing waves only at certain
distances from the nucleus. These
distances correspond to the discrete
energy levels of the atom,

Each element has a characteristic
spectrum.

Atoms, excited to energy levels above
the ground state, emit emergy as
photons when their electrons fall to
lower energy levels,

The minimum energy necessary to
from the atom is equal to its pe
its kinetic energy.

The ionization potential is the
nove an electron from the grounc
that is, to ionize the atom, TI
of hydrogen, for example, is 13

A standing wave will occur only

A= %ﬁ = 27r, then Planck's assur
follows, It ié convenient to ti
of wavelengths in an orbit for &

Winimm quantitative requiremen
applications of the PeZatienshi%
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Yimitial fiﬂdl’

diagrams.

If sufficient emergy is supplie
excited to several energy level
returns to the ground state, it

‘photon of one particular energy

__energies equal to the energy di

internal states.

*B. Absorption -
‘ spectra

- An-atom can absorb those photons

-+ vwhose energies are equal to the. |

. .energies of phatons iv can Emlt when“
o ‘exc1ted | : A ;
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nderstandings and Fundamental Concepts

he lowest possible energy level is
alled the ground state,

he minimum energy necessary to remove
n electron from an atom is called
he ionization potential.

aves which describe the probability
f finding the electron at a
articular position can exist as
tanding waves only at certain
istances from the nucleus. These
istances correspond to the discrete
nergy levels of the atom.

ach element has a characteristic
pectrum,

toms, excited to energy levels above
he ‘ground state, emit energy as
hotons when their electrons fall to
ower energy levels. |

Supplementary Information

The minimum energy necessary to remove an electron
from the atom is equal to its potential energy minus
its kinetic energy.

The ionization potential is the emergy required to
move an electron from the ground state to infinity,
that is, to ionize the atom. The ionization potential
of hydrogen, for example, is 13.6 ev.

A standing wave will occur only when n A = %—, or

h= o ® 21r, then Planck's assumption mvr = =

follows. It is convenient to think of n as the number
of wavelengths in an orbit for a particular energy level,

Winimam quaﬂtztatzve requirements are limited to

applications of the relationship, E photon hf =
Einitial “Tfing b ¢ and bhé use of Simple energy level
diagrams.

If sufficient energy is supplied, the electrons may be

‘excited to several energy levels. As each electron
_returns to the ground state, it can radiate a

phatan Df one particular energy or several photons with

. energies equal to. the ene:gy d1fferences between several
\1ntarnal states

n atom can absorb those photons
hose energies are equal to the.
nergies of phgtens it can emlt when
xc1ted . 'Eléf er

ot

.wj_Minmmum quantztativg rsqutreménts are Zimiféd ta
-ﬁapplzcatzans @f the relatLansth; finaz

znzt%al

Dot ™ -

_ ,_ .4‘t1 _l }f' '.i%f§f—;   _.“‘ —
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Topics Understandings and Fundamental Concepts
~9P1CS tanding d Fundament. epts

Tt
ph
at
51
It
en
C. The hydrggen - The lines in the emission spectrum In
spectrum of hydrogen occur in several groups cal
"~ known as series. to
Wh
in
T Wi
Em;
spe
we:
al:
fou
1. Balmer The lines in the Balmer Series are
series due to electrons from an excited state
| returning to the second energy level.
Some of these lines are visible.
V. The Nucleus - The nucleus is the core of the atom
and contains most of the mass of the |
atom. o . | |
A. Observational nge of the tools used for the study - A |
tools - of radlaact1v1ty are the electroscope,  the
- R photographic plates, geiger counters, - sug
scintillation QGUﬁtETS; and Fleud ﬂ@?
chambers = , | '
B. Accelerators - [fAcceleraLers are used to glve charged
«oo o particles sufficient kinetic energy
- to overcome electrostatic fcrces and
N penetrate the nucleus. o "€5
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Understandings and Fundamental Concepts

Supp]ementary In armatian

The photon w111 be absarbed anly when the 1nc1dent
photon has exactly the right energy to raise the
atom to a particular energy state; otherwise the photon
simply passes through or scatters elastically.

It is possible for an incident photon to have enough
energy to ionize the atom.

The lines in the emission spectrum
of hydrogen occur in several groups
known as series.

The lines in the Balmer Series are

due to electrons from an excited state
returning to the second energy level.
Some of these lines are visible.

The nucleus is the core of the atom
and contains most of the mass of the
atom,

“Some of the tools used for the study
of I&dlDECthlty are the electroscope,
photographic plates, geiger counters,
SC1nt111at1nn ccunters and clcud o
chambers

'Acgeleratora are used to g1ve charged
particles sufficient klhE?iC energy

to overcome electrostatic forces and
penetrate the nucleus |

52

In the ground state, n = 1. ALl the other states are
called excited states bacause energy must be added

to the electron in order to move it to these states.
When a hydrogen atom ahsorbs energy, an electron moves
into orbits with larger radii and into energy levels
with higher energy.

Empirical formulas for the lines of the hydrogen

~spectrum, developed for the Balmer series,

were confirmed by the theoretical work of Bohr. Bohr
also predicted other series which were subsequently
f@und :

A brief descriptive approach to the application of
these tools for studying and detecting particles is
suggested Rhgmlédgé of dgtazls of e@nstruﬁtzon 18
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Topics

. Nucleons

). Atomic number

. Mass number

. Nuclear force

. Nuclear mass

and blndlng
~energy

Understandings and Fundamental Concepts

Magnetic and electric fields are
used in accelerators to accelerate
charged particles.

Some accelerators are the Van de
Graaff generator, cyclotron, the
synchrotron, and the linear acceler-
ator.

The particles inside the nucleus are
called nucleons,

The atomic number is the number of
protons in the nucleus.

Elements differ from each other in
atomic number.

The mass number is the total number
of protons and neutrons in the nucleus.

Nuclear force is the force which holds
the nucleons together. It is a strong
short range force.

The mass of the nucleus is less than
the total mass of its nucleons. This -
difference in mass is equivalent to -

. the energy with which the nucleons::- -
are bcund :

;,The blndlng Energy af the nhcleus is
~ the’ energy that must be ‘supplied
~ "to it in order to Séparate it 1nta
h'ﬂ‘lts nucleans I N TN 'y

A brief descriptive &
accelerators is sugge
of eonstruction and ¢

The symbol for atomic

The symbol for mass T

Nuclear forces opera

is 1esslthaﬁ 10718 mef

Nuclear forces exceeq
of magnitude.

The -mass defect is t

‘total mass of the nu

The binding energy i

‘>'.mass-defect;..r g

~   Tha blndjng energy i
‘ﬁ5\nucleons farm a nucl



Understandings and Fundamental Concepts

dagnetic and electric fields are
ised in accelerators to accelerate
charged particles,

Fome accelerators are the Van de
Fraaff generator, cyclotron, the
synchrotron, and the linear acceler-
tor.

[he particles inside the nucleus are
ralled nucleons.

he atomic number is the number of
brotons in the nucleus.

Elements differ from each other in
tomic number,

'he mass number is the total number
f protons and neutrons in the nucleus.

uclear force is the force which holds
he nucleons together. It is a strong
hort range force, |

Supplementary Information

A brief des¢riptive approach to the operation of these
accelerators is suggested. Knouledge of details
of construetion and operation 18 not requived.

The symbol for atomic number is Z,

" The symbol for mass number is A.

Nuclear forces operate when the distance between nucleons

is 1essvthan T meters,

Muclear forces exceed all other types by many orders

he mass of the mucleus is less than
he total mass of its nucleons. This

of magnltude,

The mass defectfis,theidiffergnee in mass between the
- total mass of the nucleons and the mass of the nucleus.:
lifference in mass is equivalent to - e ; S

he. energy Wth which the nucleons ;"”m!‘ ﬂ1au‘::ﬂ - RS

re bgund

he Dlndlng energy Qf the nucleus is
he energy, that must be Supplled

0 it in order tD ;éparate 1t lnto B |
T ;"“The blﬂd]ﬂ" Eﬁergy is the energy released when the
B nucieons form a nucleus o . L

ts nucleons

The b1nd1ng energy is the energy equlva’ent nf the

mass defect



H. Isotopes

Understandings and Fundamental Concepts

Nuclei which have the same atomic
number but a different number of
neutrons are called isotopes.

- Binding ener

binding enex

VI, Nuclear ReacLiions
A. Natural
radioactivity

1. Alpha
decay

Radioactivity is the disintegration
of the nuclei of atoms.

Some nuclei of high atomic number are
naturally radioactive.

In all nuclear reactions, the total
charge and the total mass number on
both sides of the equation must
balance. :

Alpha decay is the emission of an
alpha particle from a nucleus.

An alpha particle is the nucleus of a
“helium atom. It has a mass number of
‘4 and a charge of +2. . o

~In natural-radicaétivity beta decay
is the emission of a negative
electren from a nucleus.

Practically
isotopes ha

Example:
5226
=5




Understandings and Fundamental Concepts

Nuclei which have the same atomic
number but a different number of
neutrons are called isotopes.

Supplenentary Infornation

Binding energies are usually compared in terms of
binding energy per nucleon.

Radioactivity is the disintegration
of the nuclei of atoms.

Some nuclei of high atomic number are
naturally radioactive.

In all nuclear reactions, the total
charge and the total mass number on
both sides of the gquation must
balance.

Alpha decay is the emission of an
alpha particle from a nucleus.

An alpha particle is the nucleus of a
- helium atom, It has a mass: nunber Df
4 and a charge of +2

In natural radiaactlvlty beta decay -

is the em;ss;cn of a negative
| electran fram 2 nucleus N

Practically all the naturally occurring radioactive
isotopes have atomic number$ greater than 81,

The emission of an alpha particle decreases the mass
number by 4 and the atomic number by 2.

i ,The em15519n cf a. negative beta partlcle increases the
_ . atomic number by one, but daes not change thn mass
S number ’ NEREN




Tpgics

3. Gamma
radiation

*B, Half life

C. Atomic mass
unit

D. Mass-energy
relationship

1. Conservation
of mass-
energy

*2. Einstein's
mass- enﬁfgy
“equatlen ’”f

energy photgns arlg;nat;ng in nuclear
Teactions.

nucleus in an exc;ted state changes
to a more stable state.

The half life of a radioactive element
is the time required for one-half

of the nuclei of a samplé to
disintegrate.

1

The atomic mass unit is defined as T

the mass of an atom of carbon 12,

Mass is equivalent to energy.

During the process of radioactive
decay mass-energy is conserved.

The energy equivalent of a mass is

. proportional to the mass and the
‘ jve1oc;ty Qf llght squared '

QI :;’ i i :—’“’!g o
o = 951 Mev
- —— —— = i——

Oxygen is no long

applications of ¢

. From the special

Gamma radiation is

The emission of gJ
atomic OTr mass nun

Minimum quantitat
applications of t

lives.

Each isotope has :

Half lives range

Minimum quantitat

Therefo
1amu= 1.66x 1
1.6 x 10

E = mc2,
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Gamma raﬂ;aticn consists Df ngh
energy photons originating in nuclear
reactions.

Gamma radiation is emitted when a
nucleus in an excited state changes
to a more stable state,

The half life of a radioactive element
is the time required for one-half

of the nuclei of a sample to
disintegrate.

defined as-—

The atomic mass unit is T

the mass of an atom of carbon 12,
Mass is equivalent to energy.

Durlng the prucess of radioactive
_dacay mass- energy is cnﬂserved

The energy equivalent of a mass is
proportionai to the mass and the -
veloc;ty Df llght Squared

““;.,-1wx10m

Gamma radiation is ev1dence uf nuclear energy levels.

The emission of gamma radiation does not change the
atomic or mass numbers.

Minimum quantitative vequivements ave limited to
applications of the relationship,

mf =

lives.,

me where m, = final mass after n half

!

[
st

Bach isotope has a specific half life.

Half lives range in value from 10 -2 sec. to 1017

yIs.

Oxygen is no ionger the standard base for mass value.

’AMﬂnzmum quantitative rgquzremsnts are. Zﬂmzted to
"_applteatzans ef ths relatiansth

'=m§

'7i9}Frcm tge Speﬁial theory of relat1v1ty we f;nd that
' iE‘= nies '

 1 amu =

Therefcreg =

1,66 % 1074 0322

kg x (3 0 x 10 ) m /sec2

JOUIES ;ﬁf,:_«_
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E. Induced
(artificial)
transmutation

- 1. Beta.
decay

Transmutation is a change from one
isotope to another of the same or
different atomic number because of
a gain or loss of protoens and/or
neutrons by the nucleus.

Radioactivity is an example of

natural transmutation.

Induced transmutations may be
produced by bombardment of nuclei.

Beta decay in induced radioactivity
includes the emission of positive
electrons (positrons) as well as
negative electrons from nuclei.

| ’Neutrans vere First d;s¢avered by
vh,bgmbard;ng berylllum w1th alpha
“partlcles S

~ beryllium and bor
- particles.

This was confirme

Walton in 1932,

In 1919, Rutherfo
particles and pro
7N14 v 2H34 N

This was the firs-

In 1934, the Joli.
alpha particles t:
phosphorus. This
radioactivity.

27 4
lSAl + zHe -
The radioactive p
isotope of silico

30 .30

57 7 1%

Examples:
'u64 .64

A very penetratin

B’ + He' -

DR
.. -This radiation .ws
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Transmutation is a change from one
isotope to another of the same or
different atomic number because of
a gain or loss of protons and/or
neutrons by the nucleus.

Radioactivity is an example of
natural transmutation.

Induced transmutations may be
produced by bombardment of nuclei.

Beta decay in induced radioactivity
includes the emission of positive
electrons (positrons) as well as
negative electrons from nuclei.

Neutrons Were first dlSEGVEIEd by
‘bgmbarding berylllum W$th alpha -
particles. . i SRS

S Vi

Thls was canfirmed exPerimentally by Ccckcraft and
Walton in 1932.

In 1919, Rutherford bombarded nitrogen with alpha

partlcles and produced oxygen.
14 4 o7 . gl
v e 0

This was the first induced transmutationm.

In 1934, the Joliot-Curies bombarded aluminum with
alpha particles to produce a radioactive isotope of

phosphorus. This was the first example of induced
radioactivity.

27 0 4 30 1
lel + ZHE - lEP h+ o

The radioactive phosphorus then decays to a stable
isotope of silicon,
30 30 0

AR AN

Examples :

7‘ : A very PEDEtTatldg form af radlatlan resulted whep
';*,berylllum and barnn were bombarded by alpha '
-:partlcles : L

;\;1;;fffTh15 radlatlan was 1dent1fled by ChadW1ck in 1932 as ‘;
=-.,.’"-“b_.-‘,_"_';'the neutron T R e DR |
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F. Nuclear fission

‘1. Thermal
-neutrons

In nuclear reactlans neutrans are

because they are uncharged and are
not repelled by nuclei. When they
are very :1@5% to a nucleus they are
attracted by it. -

The fragments are, usually, nearly
equal in atomic number.

Dnly certain massive nuclei are

Thermal neutrons are neutrons with
kinetic energies appraximatiﬁg théSE

- of molecules of substances’ at

‘Q*Jlnary temperatures

 Fission is the breaking of a nucleus.

Mgderatars are mater;als whlch are '

- The neutron
" in elastic
" The most ef
of 51m113r
'an

It is not ne

‘When neutror
- they collid
 kinetic ene

-material,

energy in 03
reactions; 13
slowed down
the nucleus.
neutrons col
they do not

When slow t

U235 nucleus

Thic
emission of

‘by the relec

written:

235
QZU Y
Where Fl anc
the average
Q represents
The energy r
heavy eleme

binding ener
average bind

Fission of H

equlllbr'
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.Supplemsntggzﬁ;nformati@n

i nuclear reactions neutrons are
ften used as bombarding particles
ecause they are uncharged and are
ot repelled by nuciei. When they
re very close to a nucleus thEy are
ttracted by it.

ission is the breaking of a nucleus,

he fragmentsraré, usually, nearly
qual in atomic uumber.

nly certain massive nuclei are
issionable.

hermal neutrons are neutrons with
inetic energies approximating those
f molecules of substances at
rdinaIY-temperatures.

Dderatcrs are” mater;dls Wthh are
sed ta slaw dgwn neutrons.- .

It is not necessary to give neutrons h;gh klnetlc
energy in order for them to participate in nuclear
reactions; it may even be better for them to be
slowed down so they may spend some more time near

the nucleus. This may be accomplished by letting
neutrons coilide with nuclei of small mass with which
they do not interact.

235 -
When slow thermal neutrons are absorbed by U the

U235 nucleus splits, usually into two nearly equal

parts. This fission process is accomplished by the
emission of a certain average number of neutrons and

by the release of energy. The reaction might be

written: ,
L N 1
ol t ot TR YR YR

Where Fl and FJ are fission fragments, 4 represents

the average number of neutrons emltted per fission, and
Q represents the energy.

The energy released per nucleon in the fission of a
heavy element is the difference between the average
binding energy/nucleon of the original element and the

_ average binding energy/nucleon of the elements formed.

Fission éf’UZSS is induced by thermal neutrons.

) When neutrons give up energy to nuclei Wlth whlch
'*,they calllde they may: flnally slow down untll th21r
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G. Fusion Fusion is the process of combining Various i

two light nuclei to form a heavier helium -ang
one. - 3
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The neutrons in this state have the same average kinetic
energies as molecules of gases at ordinary temperatures,

Materials containing hydrogen, deuterium, carbon, water,
paraffin, and graphite are most commonly used for
the purpose of slowing neutrons.

Fusion is the process of combining Various isotopes of hydrogen may combine to produce
two light nuclei to form a heavier helium and release energy.
one. S S




