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URIP 2 ~ INTRODUCTION AND MATHEMATICAL REVIEW

Seiepce playe a significant role in shaping today’s world svenie.
Pnyaica is a bamie seicnce councerned with understanding the nature of
physical reality and hao helped o make poseible the techiiological
chenges occurring dn the vorld today. Prior to consideration of the
subject mattér, the atndont should acquseint himself with the mathods
uased by the ybyairﬁat in developing comcevts of "physiczl truth®,

The student must alse review some basic mathemutics which ave necessary
for an undoraiendipg of the material in this courss.

Obgactivam

-~
P2

I. Qemeznl . Tho sindeant will become familiar with the procedures used
- by ths phyelcist in his investigatiora.

Spseific lo«Fhe student will explain im 25 words or less what %s
nrant by & "law® in phyeics.

" Rexfle will 1ist the six basic procedures of the "scientific
rated” which have in geperal guided the past activitigs
of the sclientific worker and in ten wordes or iess opeeify
the cme charscteriatic which differentiates the "eclentific
nethod” from the inveatigations of Aristetle's time.

3ev8e will describe in 25 words or less what 1s meant by a
“ghyslcal model™ in physics and how"modele" can change.

II. Gemeral The student will be able to uee the slemeants of algsbra
and trigonometry im problem solviag.

Specifie Ubo@iven a group of 10 problems involving sluple lineer
algebrale squations and caleculations invelving operstions
with exponente, he zhall solve the probleme with $0%
accuracy in 20 minutes, A sample of the problems is
contained in the Sample Test Itenms ahguu below,

So-tithout the aid of eny reference material, the student
will defino the meaning of the basic trigomometrie
functions, sine, cosine and tangent with relation to
a right triangle, defins the Pythagorcan theorem and
s2olve accurately 5 of 6 problems accurately in 20
alautes involving trigonomotrlc functions and the use
of the Pythagorean theorem. A sample of the problem
is contained in the Sample Test Items zhows below.

€o+The gtudent will solve problsmsz 10, 12, ik, 16, 18, 20,
22, 32, k2, Wk, 46, 43 in Van Name, Chapter l.
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UNIT 2 - DESCRIBING HOTION " %
I
|

One of the wost readily obsexved phenomena in the physical
world ie the gotion of objests. 1% is appropriate to begin the
study of Physies wilk ap analysis of the simplest kindé of wotion
normally encouniezod. ;.

Obisctives B

T. Geaeral The ctudent will understand the meanlag of the fundumental
o tesns used in describing the wotion of bodies.

Specific 1o~Fhe student will define the following teywa.im 10 worda
e lena for each term; displacemont, spesdl, velocity,
ascelaration. -

2.-He wil). distinguieh between (a) scalor and vector
quanitities (b) instantansous and average speeds in
25 words or less foyr each of the pairs of terms,.

Boulliven data of the position « time history of & bedy ino .
aotion, the student will bs able to graph the data and
obtaln from the graph values of the velocity and
sncelsyatioa at any instent of time. |

II. Generzl The atudent will become fanilier with the fusdamental
elgobrale operations with vectcrs,

Speosfia A-Glven 6 problems involvimg vector multiplieaticn, wector
eddition and vector subiraction, the student will solve
asourately 9 of the 5 problems without the use of any
roference material within 3C minwtes.

I1I. Gepersl The student will know how to use the squatione of eniformly
ageclerated motion. '

Specific S.~Tho student will eolve problems 4, 6, 7, 8; ¢ in ziﬁlmumeo

.3
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IV, Geaeval The ziudent will understaund the applicatién,pt the equations ]
' of gonstant acceleration to falling bodies.

Specifie 6.«The student will im 50 words or lesc deséribe Galileo's
disecovery about felling bodies and the significance of
his discovery in the histoxy of scientifiec thought.

2.+The studaat will state the value of the aceeleration of E
' gravity near the earth's surface. ?




UNIT 3 . FORCE AND MOTION

Deasoription of Motion wes presented in Unit 2. An understanding
of motion requires keowing what producas metion inltially, why scse
bodies are accolorated and otherz not and what factors arve imvolved in
the world around us that procuece the physiczl phenomenn we obeerrve.

Objectives

I, Gegersl The student will know Newton's 3 laws of motisn.

Speci.fic I.«The student will state in 50 words or less, Newten's
3 lavg of actien,

2o¢-The student will provide two examples illustrative of
each law by describing them in 10 woxds of leszs Jor
coch example, a8 they exist in his physieal environzent.

Jo-llo 111l oxprecs Newton's 2nd law in the form of an equation.

boolo will éietinguish batween (o) mess and weight, (b) grave
itationel mass ard inertis) mass ip 25 words or less for
cech pair of tezms.

II. QCepepal The student will know the basic quantiiies in the English
and xetric systeme of units.

Speeific Ho«The studeat will specify the unite of mass, leagth and
timo in the Mks System.

IIY, Gernerel The student will understand the role of frictional forces
' and how they affect motion.

Specifie 6.-The etudeat will state the two factors geverning ]
the magnitude of frictional forces. 11

7 o«The student will give three examples of feictional
forees existing in hie physical environmont involving
the motion of Lodies.

8o~The student will give three examples of fyictional forces
existing in hie physical enviromment in whieh the bodies
ape not in motion.

©o«The student will describe in 10 words or less, the
oeaning of static equilibrium. 39
19.-The student will solve problems 13, 15, 20, 21, 33, 3#.
Yen Neme, Chapter 2.

1l,«Without the use of any reference material, the student
will solve 8 out of 10 problems with 100¥ accuracy
vithir 30 minutes similar to thome shown in Sample Test
Items shown belows
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UNIT & . CIRCULAR MOFION AND GRAVIT

Physical zature aboumds with examples of bodies moving iu circuler
or noar clreuler motion. The orbite of the eaxth amd plenets arcund
the sun and ooon are very noarly circular; & convenient mcedel of the atom
agsunee circuler motien of olectrons about & contral nucleus, 4n undere
gtanding of circular mection is eesential Zor the study of gravitation.

Ohgegtivaa

X, Gengmal The studont will bocome familliar with the princip]ea of
¢lzreuiar motion.

Specific lo-The student will, in 25 worde or less, define urdfora
aiycvlar motion and give three examples in his phyeical
eaviconment of wniforn cilrcularmetinm.

/ 2e=Ho wlll be eble (o explain, in 50 mordu oy lesa, why
centyipetal force is neceszaxy for a body to move in
@ cuyved paith and glvs tvo exsmplss in bis physiceld

cavivenzent of phenomena imvolving centripetal force.

“iHeming atudent willl be able to state in 10 words or lees,
; the rolationahip betwesu the centripetal acceleration
gy of a bedy wndorgoing uniform e¢ircular notion and the
voleoity and radiue of its path,

4. "h “"“ AIS“’W\SUIS‘\ ‘Lc‘-u-gf,n Qe.\,""o w 4.601*71 Q-VJQ( LM&.

II. Gemeyal Tho student will understand the relaticaship of circular
notion of heavenly bodies to gravitational phenomena.

‘Specifiec 5.=The student will, in 50 words or less describe how
Hewton related gravitaticmel attraction betwesn two
haavealy bodies to the circular orbital motioa of
theae bodies,.

Go-Hoe will, in one sentence, be able to state Newten's
lav of vniversal gravitation and write am equation
raepregenting this lew.

£ i?b-ﬂ@ will give three examples of physical phénomena vhich
'? cuggeste gravitatica to be a universal phemomena.

1 8o=The student will, in 100 words or less, describe the
lord Cavendish experiment to evaluate the gravitatiomal
constant and how it is used in calculating the mass of
the cartho

111, Gggg;al Eho aeudent will become familiar with tho repr&sentation of
arami%ational phepomena in terms of a gravitational "“field".

Sp@aific Ye~The student will distinguish in 25 words or less “direct
contact Zoxces" and "action at a distence forces."
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‘ Speeific 10o~Given the equation for Newton's second law of wmotlon
E the student will derive the impulse-momentum relationship 1
withia 5 minutes or less and without the use of aay ]
roforsnce material.

“ 1L ~Tas oitudent will ia 25 words or less atate the primclple
of the comservaticn of linear momentum.

32.+Fho student will in 100 werds or less desczibe the
meghanies of vockeh flight im terms of conservaticn of
womentwile ‘

IV, General = The student will understand how collisions betueen inber- ;
ecting bodles can be aualyzed wuzlng conaervatlon of
nonertun priseciples,

Specific 313.-The student will in one or ©wo sentences distinguizh
betusen elastic end imelsstic collislo2ss

1% ,~Energy snd momentum are entirely independeat conceplo.
 The student will give an exsmple in 100 worde or less
of two interacting bodies where momentum is conserved

? but Kinetic ensrgy is neto

é 150+The student will solve problema 16, 17, 18, 19, 22, 23,
%’ 77 a9, ko, b2, k3, Wb, 52, 53, 5% ~ Chapter 2 « Van Mame.

16, <ii3kout the use of the textbook, the student will i
] solve 8 out of 10 problems with 100% accwracy (in 30 ;
1 slavtes) eimilar to those shown in Sample Test Iteas

Section for this unlit.




UNIT 6 ~ HEAT

- One ef the west obvicus envirommental pherouensa relative to oup
physlcal senuea 46 heat and cold., Histerically, this subject has had
& very éranmabic pest apd is linked very closely with eome problems ia
tae forefroet of physics today. The macroascopic point ¢f wievw of heat
and thermal yhosousona need first to be exploved to cerve 22 a hackground
fox the more complicated ezplauntion of heat in terms of the microscopie
structure and buhevior of matter vhich are treuted in Unit 7.

Y. Qenoral

Specific

II. QGeaneral

Speaific

Objectives
The etndent will kuow the fundamentcls of heat.

1.+The student will, in one or two centences, distinguish
~ between temperature and heat.

2ovfle will im 100 words or lees, deacribe how temperature
scales are established and apscify two temperature
ceales used videly im both science and imdustrys

Seslle will in one sentence stste vhat is meant by the
specific heat of a substange.

kooTho student will solve probleuze 1, 2, 5, 6, 7 « Van Name,
Chapter 3.

The student will know some fundamental concepts in therwmodynamics.

S.«The student will in 50 vords or less, stete what is
Rreant by the mechanical equivalent of Leat and give its
puperical wvelue in metric units,

6.+The student will ir 50 wordz or less, ehow how the
Lirat lav of thermodynaemice is related te the
conssrvation of energyo

7-«die will in 50 words or less give two alternative
etabements of the 2nd law of thermodynamiess

doslle will, in 25 words or less, indicate the significance
of the 2ud law of thermodynarics in terms »f energy
conversions -

Do«The student will solve problems 8, 9, 10y 11 « Van Name,
Chapter 3.

i0.sbiithout the use of a reference text, he will zolve 8
out of 10 problems (with 100¥ accuracy in 30 minutes)
eimiler to those shown in Ssmple Test Itexe secticn for
this units
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,BRIT 7 = PROPERIIES

OF GASES, LIGUIDS. SOLIDS

Thave fer, we have been eonslidering laws snd primciples underiying
the more consvicucus behavior of bodiecs. These bodies cousist of
nicrogeoplc efgregates of matter. However, we have not touched wpon
the microacoyic properiies of the aggregates themsslves - vhat they
are compeacd of, whai their structure is and how thelr interual
character is related tc their intersctions with the ezterpal world.
1t ie peceszeyy to look into the realm of moleoules, the first avep
in an exuploratisn of ke microecopic universe. )

Objectives

1. Generel The student will kmow ecme o2 the general propertles of
matbers

Specific 31o-The etudent will specify the three states of matter and
| give one eusmple of cacho

2.~The student will, in SO words or less, diztivguish
betwesn olemonts, compounds, and aolutione.

To«The student will in one sentence, atate what is peant
by the coefficiert of linear exparsion.

b.«Fhe student will, ir ono sertence, state what ie mesnt
by the coefficicnt of volume expansion and give a genmsral
sgraticn relating the coefficient of linear axpansion
“‘@ +&.. Cocg&l&l%g Ve lume. thMS:‘o 0’

I1. General The student will understead the effect of heat on the
' gtate of substences.

Specific Hu«The student will define in one sentence each, what is
@meant by the fellowing terms: hest of fesion, heat of
vaporization, sublimation.

6owExperimantolly it has beea dstsrmined that chsnge of
atate is dependent upon pressure. The student will
deseribe in 50 words or less, what is meant by pressurxe
and diptiasguiesh betwecen abeolute aud gauge pressurs.

7e-e vill state, in 50 werds or less, what i meant by
' the eritical point and the significance ©F the oritical
poiat in the state of a substance.

III. Gemersl The student will know the behavior of gases vader the
. {nflvcnoe of chenging pressure, temperature emd volume.

. B




Specific S.-The student will be able to iz 100 words or ises,
dozczibe Boyles law and Charles law and how they are
combined to yield the ideal gas laue.

Ge~The gtudent will be oble, in 50 words or less, deccribe
hnow the aboolute teamperature scale is derived using the 1

uporimentally observed fact that the coefficient of
velume supeasicon is essentislly the scme for all gases
at 0° G

100-The student will golve provlems 12, ib, 17, 18, 20, 21, 2

IV, Gemersl The etudent will know the elements of the melecular
¢#heory of matter and how the kinetic theory of gases
derives from 4%

Specific il.«The student will dlstinguish between atome and molecules. 3

12 .+The student will in 25 words or less deseribe uwhat is
meant by atomie weight ezd molecular weight and how
the fundameatal atomic wedght wnit is derived.

13e~0The student will ip 25 words or lees give the three 1
assunptions upen vhich the kinetic theory of 5&§§Ls baned. 3

iko«The ptudent will be sble &0 deacrbbe in 300 words or 1

10868, SNl P E o iy e B N T 3z how the
iden) goes law iz derlved {roum the k¢m3t1¢ theorg of

fasese 7

15.«The student will describe in 25 words or less, how .
atsclute zere ie interpreted in terms of t¢he kinetic ]
theory of gases. s

15 +Mishout the use of a reforence test, the atudent will i
golve 8 out of 10 probleme (with 100% acsursey in 30 ]
miautes) similar to those showe in Sample Test Itene
for this unit.
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UNIT 8 - ELEGTRICITY

Elsctricnl Phoacmerz is manifested all ebout us. A study of the
elements of eleotrieity is essential %o o uederstending of thiesspect
of cur unNiveras.

Objegtives
I Gsneral The student will uwnderstand the basle charactaristics of

alectrical cherge. ]

Speeific l.~ He will be able to descveibe in 100 words oxr less two
clasaio experimenta, demonstrated in glasz, Lo produce
negative and positive electrical charges and vhat the :
mechaniem is for the production of these charges. 3

2.~ He will be able to deseribe in 100 words or less, the ;
twe experimenis leading (¢ the spscification of the i
forsea existing between chargsd particles in terme of : ;
the magnitude of the chavges and the dlsitonce ssparaling -
the cherges., He will stale this relatiorship in the
equation known as Coulombl’s law.

3.~ He will be able to explsin, in one seniencs, how & ) :
charged object cam aliract an uacharged objeest,

%o Ho will deseribe 5n 100 words or less, the two general ‘
setheds for electrdically charging a body; by donduction ;
and by induction. E

I1. Qoneral The student will underatand whet is meant by an ¢lesctric field,
Specific S.= The atudent will desczdbs in 25 words ox leas what
is meant by "electrie field" and give the mathematieal
exprossions for eleotrie field intensify.

6.~ Ho will draw a ropresentaiion of an electidc field
around & point charge, using the lines of force concept :
and explairn in one seatence the siguificance of the R
direction of the lines ard the apacing of the linea.

7e~ Using the equations of elecirlic field intensity and
Coulomb's law, he will bes able to calculate the magnitude
of the fisld intensity at any position in aspace dus to
a given chargs.

P
i ot
bt

I1X. General 7The student will understand ¥illikan's oil drop experimeat B
""" | to determine the fundsmentsl charge of eleotricity. o

Specific 8.~ He will deseribe in 100 words or less, Millikan®s
oil drop experiment and give the Jjustification for ‘ ;
believing that eleetrical charges are multiples of L
a mininum indivicible charge. ;




9o» Given Coulomb's Force law and Fewbton's Gravitational 1
law, the student will e able to sghow by calculations 3
that the gravitationml force between Luo charged
particles are trivial io compariecn to the electrical
forees.

1¥. CGenersl The student will know how the corcepts of work and bctewtm.'l.
WS R R I Ne -
energy ave used in studying electrical phenomenz snd what is
meant by poteatial differenece.

3pecific 10.~ The student will ewplaim in 50 words ov less whel is 1
meant by potentisl diffevence betwesa twe polnts in L
an eclectric field, rela bing the potentlal diffaerence A
ta the work done inm moving = umit charge in en electrie E
field. :

1 ilow He will specify in 50 worde or less whal sn electyor
volt im =md how to converi energy expressaed ia dnulsw
to electron volts and vice werse.

V. Gonersl The studsnt will becore acgualinted with BoMS of the principles '
Lo e
of electrical currents. E

Specifie 12.~ In 10 words or leams, shudont will explain what is L
mesnt by electric curreat snd what the unit of ?
9lectrie current is, g

et

1%.» Student will distinguish, in 25 words or less, bmtween Jdbg*fw‘ﬂ
conductors and inaulatoze. : /( wuf ’\‘ W

1%.« A2 will in 2 to 3 aentences oxplain what is meani by oo
electrical reaistznce and how its numericsl value |
i3 related to the physicsl characteriatics of conductors. 4

15.~ Student will explaim iv 25 words or less, how tho ]
curreat in a ¢onductor deyends uwpon the properties %
of the gonductor snd the potential difference between )
its ends. ;.

16.- The student will describe in 25 words or less how the ]
concopt of work eaters into electric eurrents.
,,,, 17.= Ho will explaim in 25 words or less, the relatioaship -
between energy, work and power inm electrical conductors. ]

18.= He will solve problems 1, 2, 3, 4, 9, 11, 12, 13, 14, 15 - -
; V&n N&ﬂ.. Cho l’q N

1 190 Without the use of the %exthook, student will eolve 8 5 Z
| out of 10 problems (with 100% accuracy ir 30 minutes) -
gimilar to those shown in Sample Test Items zection ] é
of this unit. . ' -
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UHIT § - MAGNETISH

Electric chavges ia moticn produce forces whick ere considerably
dizferent frem those exziseting when the chargee are pteticitery. Forces
that come inte baing whem eleciric curreats are brought near ore anotherp
are cellod magacide ferces. The familiaw "magnet" with its capability
for attvacting ires otjects iz shown to be bui onc aspsct ef the whele
gubject of megsetiem, which more properdy sheuld be referved te, 22
glectronagnetisme

Qbjectives

I, ggpﬁral, The siudent will know the fundamental characieristics of
T negre¥ic phenomena.

Specific L.+Fhe student will in 100 words or less, glve three
ewsnples of magnetic phenomena existing in hie
ghysicel environment,

2.¢The student will in 50 wordas or lsee, deacribe
Qerated®s experiment and what it demonatzated.

Soue will drew a represeantation of a msghetic field
welng linmez of force concept and exylain in 25 worda
oy less the eignificance of the direction of the lines
and the mpacing of the limes. He will be able fo do
4hi6 for three geomwetrlies; & bar mognet, & stralght
svrreat carcying wire, and a loop current caryying wire.

boHe will describe in 25 words or loss wagnetic imduction
snd bew 1% is used in defining the straopth of & magueilic
field. o

Sueln 25 words or less, student should explsin what is
pesnt by megnetic flux.

IT. Genera) The student will know the principlas need im calculating
o the value of the magnetic inductiosn due to a current.

Specific G.-The sindenl will describe qualitatively im 50 words
or less, the procedure used im deriving the Blot-Savart
lew and how it iz used in determioing the ragredic
avduotion sround any electric currvenf, -

Z.The student will state in 25 vords or less the right
hend rule for dbtermining the dirsction of the nagnetie
fiald arowmd & curyvent carvying wire.

YIT, Gonerad The student will know the behavior of charged perticles in
negnetic fielde.
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Specific

I‘\! o C'h,ﬂl‘?; ’qal

Y LA

P

opeedfic

8o~Given the equation for the force on a wire ﬂarrying
a current in a magnetic field he will be able to derive
the equation for the force on a charged gmrtlcle in
a magnetic fieldo

Go=He will in 50 words or less desorlb@ qvwf LdblﬁC’j
the operating principle of the elew

The student will kaow the principle of electromagnetic
inductions

"0.«Mhe student will in 25 words or less, descyibe how
electric fields can he produced by relative mobtion
between a magnetic waterial and a wire loope

1l.-He will state, in one sentence, Faraday's law for
eTecurnmagnotlc indvction and show by an eguation how
the potential diffevence generated in a wire loop is
related tc the time rate of change of the magnelic
flaz through it

12 o-The student will in 2 to 3 sentences describe electromotive
force and the principles of electric generation.

1%.-fle will solve problems 18, 19, 20, 21, 22, 23, 49, 50, 51 =

Van Name, Chupter U,

L e ithout use of reference material, he will solve 6 ovt
of 10 problems (with 100% accuracy in 30 wloutes) similar
to those shown in Sample Test Items,
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r UHIT 30 » VIBRATIONS AND WAVES

The physical envirommsnt abounds with emamples of waves and
vibroting bodies; these two being simller ia several esssutial respacis.
In bethy 2 par%m@ular notion vepeats iteslf at reguler intervals, ¢he
potion representing the continuous conversiocn of pﬂt@ﬁtl&l gnergy %o
3 kinetie energy ond boek. An analysis of vibrations swd wavss is n&cuaw :
L pary to understand some obvious phenomens is our envipoument aud : 3
E unseful io prngavxag ve for ea understanding of somsz of the 1eading 4
i probleng in medern physics,

P ObJectives

I. Gaenrersl Tho ptudent will know the elements of glaple elastlcity.

"? Specific ZLo~The student will, in one seatonce for each ters,
state vhet is wesnt by ltensile siress, oowgwea@i*@
= ptres: and sheor stress and give ont oxanple of eech
N it his physical enviroument.

\ 2.»The student will, in one acntence, stste Hocke's isw :
| and write the eappropriate eguation. :

Jo~The student will, in 25 words ox less, defime elasiic
1indt and relate it to Hooke's law,.

boeliithout the aid of any refevasnce material, the student i
vill derive the relationship between eleostic potential
cpergy and vork for a hody obeying Hooke's law,

IXI. QGeneral The etudent will know the slements of simple harmenlc wotion,

Specifiec So-Tho student will, in 50 words or lses, deacrile what is {
meont by simple bharmonlic motion. ¥

* Goulle will deseribe, in 5C words or less, hew potential and
kinetic enorgy interchange during oscillatory motion.

7o=The stvdent will define the following ftorma which are
hasic to all omcillatery motion in cane Bantence fer each:

toFle ,

Period 1
Cycle ]

. Fesoquoency

E Anplitnde

! 8,~5tarting with the equation for Nsvton's second law |
] of motion, the student will derive the relationship 1

between the period of a spring-nass esystem undergeling
4 simpleo harmonic motion and the physical gonstanis of |
{1 the system, ]

| Qe-lie will provide 3 examples from his physical enviroament
. of systems undergoing =imple harmonic getion and

__— distinguish in each example cf Hooke's law force

end the restoring force,.




ro 10.+The student will describe, in 50 words or lsse, how
the motion of & simple pendulum can be used to
deturnine the value of gravitatlomal acceloration at
¢iffersnt positions on the earth and on different
planeta in the solar system. 4

o L S S G
S ' -

III1. General The student will Lnow the elements of wave metion and the ;
retationship of wave motion to simple barmemic wotlom. !

Spe¢ific Alo.<¥e will, in 25 wovrde or lesw, describe wave motion
in teras of emergy propagation through a scdivm.

3de+lle will defime the following terms, in 1@ words or
legs for esch Yerm,

Froquency of wave ]

Yave length N

Period of wave i

Velocity of wave . . a
\ o \erdmal ]

1heelle will distinguish, in 50 words or less, dostivdiei- 4
waves from transverse waves snd provide ezamples of sach. -

e=Be will solve provleue 52, B, 54, S5, 56, 57 - Chapiey 2 - ?
Van Nomeo 1, 2, 3, b4, 5, 69 7, 8, O, 11, 1%, 15, 16 -
Chapter 5 = Van Name. |

1J.«Vithout the use of the text book, the atwdent will
seive 8 onut of 10 preblems (with 100% acguracy im 30
ainvtes) s8imilar to these shown in Sample Test 1temes
saction for this uwnit.

i e dmcien s g A biam e B sl B s o
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co UNIT 11 - LIGHT

One othor physlcal qumlity readily observant to our senees ig light.
Nineteeath oentury science was eble to relate the phenomepon of light
to eleciro-magactic phenomsema. Ceareful celevlations echowed thai the spesd
of propagation of ¢lecire-magnetic wavaes end the speed of lignt,; both
in vacuum, vwere ideantical., Thie led to a consideration of the cscential
sameress of these twy pheucasna. This unii explores the yelationship of
Light €0 2lestriczl snd nagnetic phencmena whlch vere studied in the
previoua two unite.

Objectives

I. Genoral Tho pbudent will lnow the fundawmentzls of electromagastic
WETORe

Speeifis le~The sgtudent will describe im 2 or 3 sentences how
electromagnotic vaves sre produced.

2e«Tho student will explain in &5 words or less Maxwell's
hypothesio with regards to generaticn of magretic fields
by clectriec fielde and its significance im electreomagrnetic
theory.

3o-The student will give 3 exemples of alectromagnetic
vaves and explain ia 10 vords or less how they differ.

JI. Geacral The siudent will know zome of ithe experimental evidencs
papporting the wave theoxy of light.

Speeific Yo«The student will distinguish ia 10 words or less the
perticle theory from the wave thaory of iight.

SeoThe atudent will, ia 100 words or less, describe what
refraction 18 end how it cen be explained by both wave
and pagxticle theories of light, and why the former is
coprect.

6.+The student will etate in 25 words or lees what is
meant by the index of refraction, and the relationship
of the numerical value to the defledtion of a
light béam when entering or leaving & medium.

70+The student will in 50 words or less deseribs what ig
meant by dispersion and explain light passage through
& prizm in tevms of dispsorsion.

SorThe ztudent will, in 50 words or iess, cuplain diffraction
- pheaczena and describe Youug’e double s8lit apparatus to
suppert the wavae theory of light.

DsThe studont will in SO vwords or less, state what the

Rrinciplg of superposition is andhow it explaing
izterference phenomena.




10¢-The student will describe im 2 op 3 senrtencec with
ascompanying diagram Young's doudble slit experiment
to explein conatructive and desiruciive interference,

IIY. Qemerel Tho ciudent vill understand the Polarization of YATEE

Specific 1l.+The student will in K words or lens dessyibe what i

Beant by ypolarisation and how trogeverse and longle
tudinzl waves cen be distiangulehed.

12.~The etudent will describe sn experiment, imp 50 wordse
or less, weing the principle of polarization to
establish the trensverze wave characteristic of 1ight,.

- 13e+The students will molive yroblems 18, 19, 20, 38, 39 -
Van Name ~ Chapter 5,

1% ,«ithout the use of refercuce materiel, the student .
will solve 8 cut of 10 provlems (with 100% accvracy’
in 30 minutes) zimilar to those shown in Sanple Test
Itﬁﬂ&.»
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U UNIT 12 = QUANTA

Or one icvel of understanding, we can gay Lhat mattey conzists of 1
aton® orgunized into molecvles, A meaningful descriptiou of the ’
constitutontn of matter requires that we look imto the stmcture of fhe d
atom. This invoives leckliag intoc the sub-zicroscopic phoscmeona end ]
the conelderaticr of resulis of experiments which offer a startlingly "
differant p¢¢d3”6 ¢f the nature of physical reelity.

0b1@ctiv&a

i
Qo

General . The s? udamt will become familiar with the eicolron a8 one
T - af the fundameatal particles 1la electrical phenomena,

Specifiec;: Le~The student will deecribe im 50 worde or less what ]
: nathode rays are znd the experimental g¢vidence for
eathode rays belag electrical in nature.

+ 2aThe otudent will describe in 50 words cr lecs Thompeon's
- ezperiment establlshing the = value of cathede ray -
peirticles. o

f@;jndmhe student will describe, in 50 words or less, the
.t experiment of Millikan to osteblish the busic charbe
ef the eldotron,

II. Gemersl : The otudent will become familiar with the BlackeBody
o .- Radiation problem.

Speetfic) M,-The studsnt will, in 50 words or lsse, definc what is ]
i Beent by black-body radiation and ztate the rolatioaship ]
botveen aboorption and rediatiom.

ffj%amf&e student will be able te draw the bla@k»boﬁy : ,
7 sodliation curve showing its variation with tempereture =
and wave Jengtho. 3

ﬁﬁéomwhe a%ud@nt will state in 50 words or less the relatione ]
B akip between temperature aad radietion of a black-bedy
as given in the Stefan-Belizman Law ard iw Wien®s Law.

“ 94=The student will explain in 100 words or less, Plancks
' peatuinte of quantizstion of energy to overceme the

fellure of classical physics in espleining the black»body S
readiation eurve. ' i\

I1I. Qgggggl‘jwwho student will become acquainted with the fundamentals
T I of photeelectric effect and understand it as background 4
;gi&a&@ing to the development of the gquantum theory of light. g

fi“ .mwae studcnt vill describe im 10 words or lesa what the
2 nho%cela»tzie effect i@,

%g@.d&he studont will explain 1a 50 words or less 3 pesul&aritias
v 8f ths photoslectric omission phenomena which shows

that the electromagmetic theory of light oannot accovnt 4
ﬂ@r the phrsoelectric effect.




i0.«The student will be able to dxaw the curve showing
the wariation in meximum photoeleciron emergy with
frequency of imcident light snd from it, state im 10
voyde or lese, what the significence of the thresholi
Srequency is.

1.+fhe atudont will, iz 10 words or less, defing what is
peant Yy quesni@. '

12 .»The student will deecribe in 25 words oy less, how the
euantun theory of light satisfaciorily accounts foxr
the photoelectric effect.

IV. General The studeat will understond the nature of X-Rays and iis
o relationahip to quentum theory of light.

Specific 13.,-She student will describe ia 25 woerds or less, an
experiment in which X-Rays are produced by impingwent
¢f electrons on & cubstance. .

ik ,wThe siudent will, in 10 words or loss specify the
evidence indicating that X-Reys ezre eloctvomegnetic
vavad.

1%.0The student will ia 50 words or less, dsscribe the
physicol precoss invelved in the production of L-Rays.

Vo Genexal The student will undermt&md tha Compton effact.

Spacific 16o-The studout will describs em appropriate experiment in
300 words or less demonstrating the Compton effect and
why it provides strong confirmatlon of the quantium
thesey of light.

VI. Gemeral The otudent will beceme acquainted wiih particlesuvave
| duality aaturs of matter.

Specific 17.«The student will describe iﬁ 10 verds or less, the
kypothosis of Louis De Broglie with regards to
the wave properties of particles.

18owWithout the tentbook, the simdent will derdive the De
: Broglie wavelength of a particle given the fundamental
equaﬁioaﬂbr the momentum of & photon.

319.-The student will, ia S50 wozds or less, provide
evidenoce supporting De Broglie's hypothesis.

20.,+The student will, in SO words or leszs, state what the
encertainty principle is, why it follows maturally
frem the wave nature of meving bodies and the
particle naturs of vavea.

2}.o«The student will im 50 wérds or lees, sxplain how
the vncertainty principle affects the intorpretation
of physieal laws and the foraules devived from them.




UNIT i3 « THE ATOM

It bkas beon estabdlished that olectrons sre constitucnia of atows
snd therefore slectricdl forces are significant in atomic phenomenn.
Cns of the earliest theories consideraed the atom with electrons embeddsd
in & positively chavged core., Suhsequent work revealed the esseutial
incorrecimess of this theory and the developuent of the more modern
model of the atom using quantum theory.

Chjectivas

I. Gensral The student will becoms acquainted with the @arly concepts
' of atemie structure leading to the adoptina of quantun
theory in explanations of atomic behevior. |

Svscific l.«The student will describe in 10 words ¢ less, the
' Thomson model of the atom.

e Covin@ student will describe In 50 words or.less, the

e Geigor-Marsden experiment aad how the resulé leads

- to the rejection of the Thomson model and adoptioa
- 0of the nuclear model, :

3.=The student will in SO words or less specifly the
forcee and the different energies involved Lo produce
stable behavior in the nuclear model of the atom and
deecribe how o@lectemagnetic theory rules out.ths
posaibility for a stable atum tc be achieved,

II, (Gen=pral The student will know what emission and absorption spectra
a ars and how they are related.

4.«The student will describe in 25 words or lecs continuous
spectra and line cpectra and explain how they are
produceds

S5e.=The student will describe in 25 words cr less what is
meant by speciral serles snd give 3 examples obtained
from the hydrogen atom end why this experimental data
is inportent in the dsvelopmeat of a Yeorrect" theory
of atomic structure,

JII, Qoneral The student will know the Bobr medel of the atom and how
it explains the observed hydrogen spsctrum,

Specific 7.~The stuwdont will describs 3n 25 words or less the basic
caleulation made by Bohr relating the De Brolie wavew
length of the electron to the pathlength of the electron
orbit.

3.eThe student will describe in 50 words or less vwhat is
meant by standing waves and how this coneept was used
by Bohr to explain the stable electron states.




'

Qewlhe atudent will be able to chow in 25 words op lecs how
the concept of siable electron orbits euploying the
principal of standing waves gave rise %o guantuy a2unvers.

100-Te student will in 25 words or less deécribe how
the varlous possible electron orbite represent different
encxgy levels.

1lo~The student will in 50 words or less explain how an
atom can become excited to higher ensrgy levels and
how the observed line spectrum from the hydrogen alom
can be explained by {he concept of atoaic encrgy levels,

I¥s Goneral - The studeat will know scme fundamentals of the quantum theory
ef the atom,

Specific 12.~The student will state in 25 worde op loss three limitations
of the Bohr theory.

13,+~The student will in S0 worde or less, describe the
additional considerations advanced by the quantun
theory o help explein apectra of uere complex atonms
and why this Yaewer theory" is better than the Bohr
model.

1k.<The student will solve problens 13, 14; 15, 17, 18, 19,
2), 22, Van Name, Chapter &.

1ov=Without the aid of reference materisld, the student will
solve & out of 10 problems (in 30 minutes with 100% accuraey)
similar %o those shown in sample %est items

oa
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NTTS O THNSTRIIGTTON

The first unit of instruction is Rectilinear and tircular Motion and

comprises a total of four weeks of instruction. The major concepts are

the description of wotion in terms of speed, velocity, acceleration,

distance, and timé; the first, second, and third laws of motion; the
rela tionship between inertia and mass, force and motion, and mass and
welghty friction; vector analysis; uniform circular motion; centripetal
and centrifugal force; gravitation; and the gravitational field of the
earth,

Upon completion of this unit, the stndent shonld be able to score a
minimum of 759 on each of the following levels of instruction.

On the knowledge level, the student should be able to define and explain
the following trrms and concepts as part of a fill-in type, multiple-choice,
true-false, or completion of statewent examination:

speed, constant speed, instantaneons speed, average speed, velocity,

scalar guantities, vector quantities, acceleration, acceleration of gra-

vity, Newton's first law of wotion, Newton's second law of motion, New-
ton's third law of motion, force,inertia, mass, weight, friction, coef-
ficient of friction, vectors, vector diagrams, uniform circular motion,
centripetal acceleration, centripetal and centrifugal force, law of
universal gravitation, gravitational field, and lines of force.
The studert must be able to solve problems w'ich are applications of for-
muilas presented in thre bool and in lecture. In addition, %he student must
be able to state basic laws in terms of mathematical svmbols and interpret
mathematical symbols as physical laws. T™xamples of the type of questions‘

are as follows:




A is any influence that can cause a body to be accelerated.

What is the term which is described by the specification of both its 5
speed and direction?
Write the formula which relates force to mass and acceleration.
Wnich of the following formulas describes the relationship between the
force of friction and the coefficient of friction?
2) E;‘—}lN c) F(,""'/ELIG ‘
®) F= M d)ﬁa’-’- N
N M :
On the comprehension level, the student must be able to choose the cor- |
rect formylas to use in the solution of numerical problems. e must be
able to describe in his own words the basic concepts which were previously
listed. Te must also be well enough acquainted with the material so that 3
he will be able to state tie law or laws which exemplify a demonstration.
Typical examples are: E
A mass of 8 kilograms and another of 12 kilograms are suspended by a
string on either side of a pulley. What is the acceleration of
the blocks?
Y In your own words, what is a vector quantity?
In a demonstration, it was noticed that a metal ball falls faster than :

a feather. Of what basic priciple is this an example?

On the application level, the student mist be able to apply the prin-

ciples learned to experiments performed or described by the instructor.

An example is when the instructor exerts a force on a book lying on a table.

When the force is small, the book does not move, however, as the force is

increased, a point is reached when the book does move. Ijow what basic law
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is this an example of?

Tor analysis, tre student should be able to state the reason why cer-

tain effects are noticed in the performance or description of experiments. f

For example, why does it take the same amount of time for a ball to he dropped ]

four feet in an elevator when the elevator is stationary and when moving

3 up or down? Vow must the elevator he moving for tlis to be true? to be

false?

On the level of synthesis, various data will be given to the student =

from the performance of an experiment. He must be able to synthesize this ]

? data into a coherent law to which he may or msy not be familiar. An exam- f

; ple is given below: ?.é
% The data listed below exemplifies a basic law of physics concerning E\E
i force and motlon. Synthesize this data into a mathematical formu- ?Né

la and state the name of the basic law described. 1 f

‘ Time in seconds 0 1 2 3 b 5 6
g Distance traveled |
in time given 0 11 g 112 20 312 1S b

(in meters) \i
| Velocity 2t time i

4 given (in meters O 2% g 7% 10 124 15 )
: per second) "
8 k
1 I
] :
Z 3 : , sy
] -
] ]
1 N
‘ B
1 .
E ; 3
[ g
1 F
l ' ! { [
i ]
] A
3 5
1 3
1
1 f
g 1 ;
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a total of one and one half weeks of instruction. The major concepts are
work, kinetic energy, potential energy, the conservation of energy, momen-
tum, and the conservation of momentum. The application of these concepts
comes in the process of collisions.

Upon completion of this unit, the student should be able to score a
minimum of 75% on each of the following levels of instruction.

On the knowledge level, the student should be able to define and ex-
plain the following terms and concepts as part of a fill-in type, multiple-
choice, true-false, or completion of statement examination:

work, energy, kinetic energy, potential energy, law of conservation

of energy, linear momentum, impulse, and conservation of momentum.

The student must be able to solve problems whrich are applications of for-
mulas presented in the book and in lecture. Tn addition, the student must

be able to stote basic laws in terms of mathematical symbols and intervret
mathematical symbols as physical laws. TFxamples of the type of questions are
as follows:

The product of force and its displacement is called .

Tf a body has the mass m and speed v, its kinetic energy is

a) imv? c) mvl
b)  Lwy? d) iov

On the comprehension level, the student must be able to choose the
correct formulas to vse in the solvtion of numerical problems. He must
be able to deseribe in his owm words the besic concepts which were previ-

onsly listed. e must also be well enough acquainted with the material
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so that he will be able to state tle law or laws which exemplify a demon=-

stration. Typical examples are:

A force of 130 newtons is used to lift a 12 kilogram mass to a height

of 8 meter., vow much work is done by the force?
Define linear momentum, in your own words.

RBesides being an example of the conservation of energy, billiards is

an example of what other basic aw?

On the application level, the student mist be able to apply the prin-
ciples learned to experiments performed or described by the instructor.
For example, when a rocket ship takes off from its lavnching pad some ma-

terial is exhausted from its pods at a high velocity and thus causing the

rocket ship to rise. This is an example of what law in this unit?

On the analysis level, the student should be able to state the reasons
of certain effects noticed in the performance or description of experiments.

For example, when a bullet is fired from a gun, the gun recoils. What

causes this?

On the synthesis level, various data will be given to the student from
the performance of an experiment or the description of an experiment. e
mist be able to synthesize this data into a coherent law to which he may
or may not be acquainted. Tor example, when measuring the kinetic and po-
tential energies of a swinging pendulum, it is found that at one point the
potential energy is zero and the kinetic energy is 25 joules. At a second
point the potential energy is 10 joules and the kinetic energy is 15 joules.

From this data, can we surmise anything about energy relationships?
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The third unit of instruction is Vibrations and Waves and comprises
a total of one and one half weeks of instruction. The major concepts are
elastic potential energy, simple harmonic motion, waves, and the relation-
ship between waves and simple harmonic motion.

Upon completion of this unit, the student should be able to score a min- i\
imum of 75% on each of the following levels of instruction,
On the knowledge level, the student should be able to define and explain 1
the following terms and concepts as part of a fill-in type, multiple~cloice, é
true-false, or completion of staterent examination:
tension, compression, shear, Hooke's law, elastic limit, elastic poten-

tial energy, simple harmonic motion, period, frequency, amplitude,

wave motion, longitudinal waves, and transverse waves.

The student must also be a&g: to solve problems which are applications of
formulas presented in the book and in lecture. In addition, the student
mist be able to state basic laws in terms of mathematical symbols and in-
terpret mathematical symbols as physical laws. Examples of the type of
questions are as follows:

The maximum displacement of a body on either ;éég of its eguilibrium

position is called the of the body. ;

The freguency f and the period T are related by which of the formulas
below?
1 \ ]
a ¢ = 5
) (= L dy (¥ = L
(- L f

On the comprehension level, the student must be alble to choose the cor- 5'
rect formulas to use in the solution of numerical problems. He must be 4
able to describe in his own words the basic concepts which were previously

listed. 7e must also he well enough acquainted with the material so that
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he will be able to state the law or laws which exemplify a demonstration.
Typical examples are:
A coil spring has a force constant of 2 1b/ft. low mueh will it stretch
when it is used to support an object whose mass is 0.5 slug?

State Tooke's law.

On the level of application, the stirdent must be able to apply the prin-
ciples learned to experiwents performed or described b the instructor.

For example, what is the basic principle behind the use of a pendulum clock?

For analysis, the student must be able to state the reason why certain
effects are noticed in the performance or description of experiments. For
example, it is seen that when a spring is stretched 10 cm it peturns to
its original length when released. However, when the spring is stretched
to 11 cm it does not retmrn to its original length. Why did this occur?

what can be surmised about tre elastic property of tle spring?

On the level of synthesis, various data will be given to the student
from the nerformance of an experime t, He must be able to synthesize this
data into a coherent law to which he may or may not be familiar. TFor exam-
ple, it is noted that when an object is floating on water, besides oscillating
vertically as water waves pass beneath it, the object also oscillates hori-
zontally. OQuestion: Is this a different type of vibration than the types

we have been considering? What type of vibration is it?
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The fourth unit of instrnction is Heat and Matter and comprises a total
of two and one half weeks of instruction. The major concepts are temperature,
heat, specific heat, change of state, pressure, the triple point, mechanical
cquivalent of heat, heat engines, matter in bulk, thermal expansion, Boyle's
law, Charles'g law, the ideal gas law, molecular theory of matter, kinetic
theory of gases, molecular kinetic energy, and the kinetic theory of matter.

Upon completion of this unit, the student should be able to score a

minimm of 75% on each of the following levels of instruction.

On the knowledge level, the student should be able to define and
explain the following terms and concepts as part of a fill-in type, multiple-
choice, true-false, or completion of statement examination:

temperatnre, thermometer, celsius, fahrenheit, heat, kilocalorie,

specific heat, heat of fusion, heat of vaporization, snblimation,

pressure, critical point, triple point, mechanical equivalent of heat,

first lsw of thermodynamics, second law of thermodynamics, solids,
liquids, gases, plasmas, elements, compound, solution, coefficient of
linear expansion, coefficient of thermal expansion, Boyle's law, Charles's
law, absolute temperature scale, absolute zero, ideal gas law, molecules,
atoms, kinetic theory of gases, and Brownian motion.

The student must be ~ble to solve problems which are applications of formulas

presented in the book and in lecture. 1In addition, the student must be able
to state basic laws in terms of mathematical symbols and interpret mathematical

symbols as physical laws. Txamples of the type of questions are as follows:

The of a substance is the amount of lieat required to change

the temnerature of 1 kg of water by 1°cC.

what Jaw states that, a2t constant pressure, the volume of a sample of

gas is directly proportional to its absolute temperature.,
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Express the following temperatures on the fahrenheit scale:
a) 100°c  b) 0% ) 50°C
what basic principle is the following formula derived from:

pV = constant

On the comprehension level, the student must be able to choose the
correct formulas to use in the solution of numerical problems. He must be
able to describe in ris own words the basic concepts which were previously
listed. Je must also be well enough acguainted with the material so that he
will be able to state the law or laws which exemplify a demonstration. Typical
examples are:

A rod 2 m long expands by 1 mm when heated from 8°¢ to 72°%. #hat is

the coefficient of linear expansion of the material from which
the rod is made?

Restate the fir st law of thermodynamics in your own words.

In a demonstration, it was noticed that when two strips of metal (which

were welded together) were heated, the composite strip was bent.

What principle is this an example of?

On the application level,the student must be able to apply the principles
learned to experiments performed or described by the instrictor. As an
example, kinetic=1ly sneaking, why is the pressure exerted by a given amount

of pas greater when the gas is heated than wren it 1s cooled?
3 g

For analysis, the student sho'ld be able to state the reason why certain
effects are noticed in the performance or description of experiments. For

example, in ome demonstration, three small balls made of different materials
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are heated to the same temperature and then placed in some parafin.

The three balls sink into the parafin to different depths.. why did

this occur?

On the level of synthresis, various dota will be given to the student
from the performance of an experiment, FHe must be able to synthesize this
data into a coherent law to which he may or may not he familiar. The dats
listed below is faind from measuring volume and tempersture.

Volume (liters) 5 1 2 3
Temperature (oK) LEO 240 120 80
-

Derive a relatinnship between the volume and temperature when

the pressure is held constant.
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The fifth unit of instruction is Flectricity and Magnetism and comprises
a total of two and one half weeks of instruction. The major concepts are
electric charge, fConlomb's law, the electric field, the electren, potential
difference, electric current, energy and power, Oersted's experiment,
magnetic induction, magnetic field of a current, magnetic properties of
matter, crarged particles, the cyclotron, electromagnetic induction, and
the bhetatron.

Upon completion of this unit, the student should be able to score a
minimum of 75% on each of the following levels of instruction.

On the knowledge, level, the student should be able to define and explain
the follawing terms and concepts as part of a fill-in type, multiple-choice,
true-false, or completion of statement examination:

negative electric charge, positive electric charge, coulomb, Coulomb's

law, ek ctric field intensity, potential difference, electron volt,

electric current, Nhm's law, resistance, ohm, power, watt, magnetic,
lines of force, magnetic induction, Biot-Savart law, right-hand rule,
paramagnetic, ferromagnetic, diamagnetic, permanent magnet,cyclotron,
electromagnetic induction, magnetic flux, Ienz's law and betatron.
The stindent must be able to solve problems which are applications of formulas
presented in the book snd in lecture. In addition, the student must be able
to state basic laws in terms of mathematical symbols and interpret mathematical
symbols as physical laws. Fxamplesof the type of questions are as follows:

The rate at which w rk is being done is called .

A wire 1 m long is perpendicular to a magnetic field of induction
5 X 10-2 weber/hg, What is the force on the wire when it carries

a current of 2 amp?




The forces theat act between electric currents are called forces.,

write Ohm's law in terms of mathematical symbols,

On the comprehension level, the student must be able to choose the
correct formulas to use in the solution of numerical problems. He must be

able to deseribe in his own words the basic concepts which were previously

listed. He must 2lso be well enough acquainted with the meterial so that he

will be able to state the law or laws which exemplify a demonstration. Typical

examples are:

what is the radius of the path of a I X 10“ ev electron in & magnetic

field of 0,02 weber/hZ?

How does a cvclotron accelerate charged particles?

On the apovlication level, the student must be able to apnly the
principles learned to experiments performed or described by the instructor.

As an example, consider Conlomb's law which deals with electric forces.

when is this law applicable? Why can't this law be used in the case of

current carrying wires?

For analysis, the student should be able to state the reason why certain
effects are noticed in the performance or description of experiments. For

example, what causes two current varrying wires to attract each other?

On the level of synthesis, various data willbe given to the student

from the performance of an experiment. He must be able to synthesize this

For example:s

data into a coherent law to which he may or may not be familiar.




Tre data below has been taken from the measurement of wor%,fa'ce, and

distance traveled bv a charge in an electric field. TFormulate

an expre=sion between these quantities from the data below:

Work /joules) 1n 10 10
Force (newtons) 10 5 2
Distance (meters) 1 2 5

i s e e




UNITS OF INSTRUCTION
sixth

The £+fth unit of instruction is Light and Modern Physics and comprises
a total of five weeks of instruction. The major concepts are thevrelaﬁ.on-
ship between electric and magnetic fields, electromagnetic waves and 1iéht,
the speed of electromagnetic radiation through different materials, the
principle of superposition, polarization, the relati onship between the speed
of light and the special theory of relativity, the quantum theory of light,
the uncertainty principle, and the Rutherford and Bohr theories of the atom.

Upon completion of this unit, the stgdent should be able to score a
minimum of 75% on each of the following levels of instruction.

On the knowledge level, the student should be able to define and explain
the following terms and concepts as part of a fill-in tvpe, multiple-choice,
true-false, or completion of statement examination:

Maxwell's hyoothesis, electromagnetic waves, refraction, the index

of refraction, dispersion, diffraction, the principle of snperposition,

constructive and destructive interference, polarized and unpolarized

beams, the two postulates of the special theory of relativity,
relativistic length contraction and time dilation, relativity of

mass, rest energy, the photoelectric effect, the quantum theory of

light, quants or photons, the Compton effect, de Broglie waves, the

uncertainty principle, the Rutherford and Bohr theory of the atoms,
emission and absorption, spectrums, continuous spectrum, bright and

dark line spectrums, spectral series, energy levels of an atom, and

the quantum theory of the atom.

The student must be able to solve problems which are applications of formulas

presented in the book and in lecture. In addition, the student must be able




to state hasic laws in terms of mathematical symbols and interpret
mathematical symbols as nhysical laws., Txamples of the type of questions

are as follows:

The ability for waves to bend aronnd the edges of objects in their

paths is called .

What is the name of the process when electrons are emitted from a
metal surface when light is shined on 1t?
How fast would a rocket ship have to go for each year on the ship

to correspond to two years on the earth? This problem would be

1 similar to one which is done in class, and is simply the application
nf the same formula,

What basic princivle is the following formula derived from?

; m = W,
- — v

On the comprehension level, the student must be able to choose the
correct formulas to use in the solution of numerical problems. He must be
,? able to describe in his own words the basic concepts which were previously

listed. Ile mist also be well enough acquainted with the material so that
; he will be able to state the law or laws which exemplify a demonstration.
Tymical examples are:

What is the relativistic contraction of a rocketship 100 feet long when

1 it moves away from an observer at a rate of 10N0 miles/hour?
Vi
Describe in vour own words the effect Michelson and Morley observed in

their experiment to measnre the change in the spsed of light.
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In a demonstration, it was noticed that when light is passed through

two transparent pileces of plass, the intensity increases and

rriuu'.p ke
decreases as one of tle pieces of plass is rotated. Whatpis
this an example of?

On the application level, the student must be able to apply the principles
learned to experiments described or performed by the instrictor. For examnple,
the instructor is performing an experiment in optics, and states that ne
sees light and dark lines, and that the light lines are 1 millimeter apart.
He also says that the distance from the screen with light and dark lines to
the face of a "black hox" is 1 meter. OQuestion: What evperiment is being
described by the instructor and what are the two most important items in
the black box which pive rise to the described patterns “hat are the sizes
of each?

For analvsis, the stndent shonld be able to state the reason why certain
effects are nqticed in the performance and description of experiments, as
far athe conrse material has developed. For example, quantum theory states
that all waves behave also like objects and that all obiects behave also like
wavese Why 1s it then, that a ball is not observed to have the properties of
a wave? (This question, on the analysis level, assumes ‘that the instructor
has not specifically solved problems for the class on the wave nature of
"large" objects, but assnmes that the student will be sble to calculate this
effect and its magnitude.)

On the synthesis level, various data will be given to the student from
the performance of an experiment. WMe must be able to synthesgize this data
into a coherent law, to which he may or may not be familiar. This is an
extension of the scientific method into the unit of instruction: Tight and

Modern Physics. TFor examvle, an experimenter notices that when light is
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shined on an electrode, a current flows trrough the circuit to which the
electrode is commected. As the intensity of the light is increased, the
current increases until it reac’es a certain point, then remains constant,

A batterv is now inserted into tre circnit with its polarity in swch a direc-
tion as to ordinarilv inFibit the flow of current. Light is again shined

on the rlectrode and a current #s arain observed to flow. ONuestion: 1)

1ist the observed phenomena. 2) from these phenomena and your 'mowledge

of tre guant'm nature of light, write what you think is cansing the current

flow,
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The seventh unit of instruction is ITuclear Physics and comprises a total
of one and one half wreks of instruction., The major concepts are nucleons,
isotopes, nuclear binding energy, radioactivity, the neutrino, nuclear
reéctions, nuclear foreces, elementary particles, and antiparticles,

Upon completion of this unit, the student should be able to score a
minimum of 759 on each of the following levels of instruction.

On the knowledge level, the student should be able to define and explain
the following terms and'concepts as'part of a fill-in type, multiple-choice,
true-false, or completion of statement examination:

atomic number, neutron, nucleons, mass number, isotopes, atomic mass

mass units, binding energy, fusion, fission, radioactive, "alpha

particles, beta particles, gamma rays, positrons, half-life, neutrino,
antiproton, annihilate, and elementary particles,
The student rmist be able to solve wroblecms which are applications of formulas
presented in the book and in lecture. In addition, the studenﬁ must be able
to state basic laws in terms of mathematical symbols and interpret mathematical
gymbols as physicel Jaws. TFxamples of the type of questions are as. follows:
The time required for half a given sample of radioactive substance

to decay is called its

What are the three types of radioactive emissi ons?

State the number of neutrons and protons in each of the following nuclei:

BLié; 6013; 15P31; hOzr9h; SéBa137

Neutrons and protons are jointly called




On the comprehension level, the student must be able to choose the
correct formulas to use in the solution of numerical problems. He must be
able to describe in his own words the basic concepts which were previously
listed. Fe must also be well enough acquainted with the material so that

he will be able to state the law or laws which exevplify a demonstration.

Typical examples are-

what is the minimm enerpy a pasma=-ray proton must have if it is to
split an alpha narticle into (al a triton and & proton, and (b)

a helium=-3 nucleus and a neutron?

The atom bomb is an examnle of what type of nuclear process?

On the application level,the student must be able to apply the principles
learned to experiments performed or described by the instructor. For example,
the hydrogen bomb consists mainly of "heavy" hydrogen. In order for energy to
be released, what must happen to this "heavy" hydrogen?

For analvsis, the student should be able to state the reason why certain

effects are noticed in the performance or description of experiments. For

example, when taking geiger counter readings on a piece of radioactive
material, it is foun- that over two weeks, the readings have not decreased.

what can be said about the half 171fe of this radioactive material?




