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EmSAT Achieve Physics measures test taker proficiency in Physics and
determines their readiness for college. EmMSAT Achieve Physics consists of five
major domains: (1) Mechanics; (2) Waves and Optics; (3) Thermal Physics and
Thermodynamics; (4) Electricity and Magnetism; and (5) Modern Physics. The
exam is adaptive. Exam content and difficulty is customized to the individual test
taker. When a test taker answers a question correctly, they will be given more
difficult content; when they answer a question incorrectly, they will be given easier
content. This process of continuous adjustment delivers optimized content for each
test taker throughout the exam, maximizing their opportunity to perform at their
best and providing a more accurate measure of their ability. Test takers should do
their best to answer each question correctly; once a question is answered, they will
not be able to go back and change the answer.
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Test Duration: 120 minutes

Questions: 50 questions

1. Mechanics

2. Waves and Optics

Content Areas: 3. Thermal Physics and Thermodynamics.
4. Electricity and Magnetism.

5. Modern Physics.

Task Types: Multiple Choice

Calculators Allowed




Ao il A

Sl lgall 348 jaall (o ghe e 2l (_;lSM lac Y (o siuall 132 = Ll el -ansis 1500 - 2000
Al Y1 Al 3 el jaal) Bl (3L

DU Gl Hleal) 5 4 yrall (6 sise Ao Y gia Blac) (g il 128 8 AL el - jEi 1100-1475
Agmalal) 1Y) Al 8 el i) il

Clilisay BB o gllaall HEDL ) asll (g el 1aa 3 Akl ellie) au sia 900-1075
Agaalall N Al d el sl

sla¥) ale Culilial Ll 43 yeall SSH LY (o gl 138 3 Aulk) Sllie Y cfoaine 700-875
oLl Gle g ge pany B acall sy ) agials ge Amalall W) Al (g ghie B

ple Ol Jlgas alia 3 atlad e ) (o 5hall 1aa 3 ALY ~Us, - puaaill dals, 500-675
Amalal) W) 2] (g e o ol Sl Bl e sl 2 el 8 Lsli) cLaY)

ptlie; 33 aa) (5 sineall 138 8 AL sy A0 Apdal) 28 jad) Caes <500

L e s Al o slal)

EmSAT Achieve Physics

Score Score Descriptors
1500+ High Proficiency: Students at this level are well-prepared for first-year
' physics courses at the university level.
1100.1475 Proficient: Students at this level are at a satisfactory level of preparation to
begin first-year physics courses at the university level.
Borderline Proficient: Students at this level are minimally prepared for first-
900-1075 year physics courses at the university level and may need additional support
in some areas.
Basic: Students at this level do not have sufficient mastery of prerequisite
700-875 knowledge for first-year courses in physics at the university level and will
likely need some additional support.
Needs Improvement: Students at this level need additional instructional
500-675 support in basic physics concepts and skills before beginning any first-year
physics courses.
<500 Little knowledge of basic science: Students at this level lack knowledge and
skills of basic science concepts.
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Translational Motion allaidl 4 sl
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Examinee should be able to analyze, interpret and describe the motion
of objects in 1D and 2D Translational Motion in term of kinematics and
dynamics laws and laws of conservation: conservation of energy and
conservation of momentum.
&S yall e il 98 guox Gubni wle (1306 19isSy ol HLis W guesiiall wle
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Examinee should be able to apply all the laws of kinematics
and dynamics in order to interpret, analyze and describe
translational motion for objects in different arrangements and
situations. This section may include:
- aslgaey o8 Al & sl aS sl Ao wlieS
1D Translational Motion Kinematics Quantities.
Aalasioll dudasll &S 5l o9 & all Ale wsleo
Kinematics Equations in Uniform Linear Motion.

Al g giss ol 4444

1.1.1.1

1.1.1.2

Newton's Laws of Motion.

S|l &S 5> 08 LS (il g8 alell L3I (98
Universal Gravitation and Kepler’s laws of Planetary 1.1.14
Motion.

oy 98 dlandl aS o) & )l Ao wlweS
2D Translational Motion Kinematics Quantities.
.49 gxaoll &S )=l

1.1.1.5

Projectile Motion. 1.1.1.6

aclbo )Lo§§(| &S > 9 daliiall 4y 5515l aS sl
Uniform Circular Motion and Satellite Motion.

1.1.1.7
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Examinee should be able to evaluate the work done by a force
or multiple forces on a given system to the changes in that
system total energy and power and apply the law of
conservation of energy to describe, analyze and solve
problems that are difficult to analyze using Newton’s Laws of
Motion. This section may include:

6o gl @l 593 o smuall Jell 1121
Work done by constant or varying force. T

- Bl 4 455
nergy.

Sl 4 403
Power. A

&8loll loa>

Conservation of Energy. ‘ 1.1.24
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Examinee should be able to use the law of conservation of 1D
and 2D linear momentum to describe, analyze and solve the
motion of situations that are difficult to analyze using Newton’s
Laws of Motion such as collisions and explosions in 1D and
2D. This section may include:

Al S 0
Center of Mass. 1.1.3.1

Aozl & 5aill dueS
. 1.1.3.2
Linear Momentum.

el 4133

Impulse.

AubasJl & il dueS o>

Conservation of linear Momentum. 1.1.3.4

wlosladl] 4 445

Collisions.

Rotational Motion dwil eall aS o)l
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Examinee should be able to analyze, interpret and describe the
rotational motion of an extended rigid object about a fixed axis in term
of kinematics and dynamics laws and laws of conservation:




conservation of angular energy and conservation of angular
momentum.
S50l e ol e Gubi e 5,56 1515 of LU puestiall wle
Jo> oo o auwn) &l oal & )al Cuayg gy sty ol U1 o Kaolinallg
role puill 38 Sgisy 39 .delise Wl ig elssl w8 culi 590
Examinee should be able to apply all the laws of kinematics
and dynamics in order to interpret, analyze and describe
rotational motion of an extended rigid object about a fixed axis
in different arrangements and situations. This section may
include:

il 595l S all (@8 aS 5all Ale Wl 1211
Rotational Motion Kinematics Quantities A
il sl 45 4 5

Moment of Inertia.

T el 1.2.1.3
orque.
bl ol ¥y GlLsal o8 Wl Gigw 0,9
Newton’s Second Law for Rotation and Static 1.21.4
Equilibrium.
ixc gl ase oo siall dewll by, wle 30 19398 ol HLis W ostiall wle
baos ol 68 alasiinalg alloall GISI sl 3l @Slll 08 Sl whooo allss wle a9 5c
bzl i weall o will el Jiluall > g Jud>ig s g) dugl sl dslall
rode Al 133 Sgisy 39 .4S ;5 @9 igw il 99
Examinee should be able to relate the work done by a torque
or multiple torques on a given system to the changes in that
system total angular energy and use the law of conservation of
angular energy to describe, analyze and solve problems that
are difficult to analyze using Newton’s Laws of Motion. This
section may include:

Work Done by constant or varying Torque. e
dygl )l @8lall oo g dygl )l @Sl

Angular Energy and Conservation of Angular Energy.
KT SURCECN [ PAELEN TSV ROBENT LTS
Angular Momentum and Conservation of angular 1.2.2.3
Momentum.

1.2.2.2

Fluids Mechanics  gilgall KulSo
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Examinee should be able to analyze, interpret and describe the
properties of fluids at rest and in motion using fluids mechanics laws
such as Pascal's Principle, Archimedes’ Principle and Bernoulli’'s
Equation.
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Examinee should be able to analyze, predict and describe the
properties of fluids at rest. This section may include:

JEal Isso

Pascal’s Principle. 1.3.1.1

Archimedes’ Principle and Law of Floatation. T
Jolug poilos gy suiig Jii wle (56 1998 ol HLis W uessiall wle
rode Al 30 Sginy 38 .dliall gil gall & >
Examinee should be able to analyze, predict and describe the
properties and the behavior of ideal fluids in motion. This
section may include:

alsall o
Fluids Flow 1.3.2.1

Bernoulli’s Equation 1.3.2.2

Waves zlgo3l
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Examinee should be able to analyze, interpret and describe different
types of oscillations and explain how repeated oscillations cause
periodic waves (travelling wave or standing waves) with unique
properties and characteristics.
oo dalizo elgl Jibig smes wde 3B 1gigSy ol HLis W cuesiiiall e
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Examinee should be able to distinguish and analyze different
types of oscillations: ideal oscillations, damping oscillations
and forced oscillations and describe them mathematically and




graphically and identify the conditions for each type of
oscillations. This section may include:

o] 38l gill S,

Simple Harmonic Motion 2.1.1.1

8aasall @l 5153
Damped Oscillations 2.1.1.2

oiollg B8y de gdnall Wl 51 5| 2113
Driven (Forced) Oscillations and Resonance o
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Examinee should be able to describe and represent different
mechanical waves properties and characteristics
mathematically and graphically and analyze the wave behavior
of these waves such as standing waves, doppler effect,
superposition and reflection.
This section may include:
4S5l 21903 yailazs g i
Mechanical Waves Representations and 2.1.2.1
Characteristics

Aol 21503l Jolu

2.1.2.2

(Hhos 5ib) wewll & 5> 21213
Sound in Motion (Doppler Effect). T
Optics  wluadl :
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Examinee should be able to analyze and describe the behavior and the
properties of light, along with its interactions with the matter and with
the instruments which are used to detect it.
d> 90l 5 alA)l uwdig Cogg Ju>i wde (550 19368 ol HLis W ossiall e
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Examinee should be able to analyze, describe and explain the
phenomena of light wave where ray approximation of
geometric optics is not valid such as interference, diffraction,
and polarization. This section may include:

Mechanical Waves Behavior.

duudoligg 543l 21903l
Electromagnetic Waves

Polarization

J= Ll

Interference




Diffraction.
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Examinee should be able to use ray diagrams to analyze,
identify and describe the image properties and characteristics
that are formed by different types of mirrors and thin lenses
and explain the operation of different optical instruments and
devices. This section may include:

K
U"J
Reflection 2.2.2.1

oLl 2222

el PP PE

88 ,)1 wlwsell

Refraction

Mirrors

Thin Lenses 2224

5342319 dundl ©lg ) 2225

Optical instruments and devices.

_ Thermal Physics 4,1 slsull
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Examinee should be able to define fundamental physical quantities
(internal energy, temperature, heat) that characterize thermodynamic
systems.
oo @8 85153l a5 Guldy e wde () 1939Sy ¢ ol HlisW cuesiall e
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Examinee should be able to define and measure temperature
in different temperature scales and describe how temperature




change alters materials dimensions (thermal expansion). This
section may include:

ool a0 pudlio | 5 4 4 4
Temperature Scales L

Solalolsdlll 5445

Thermal Equilibrium

Soodl ssail

Thermal Expansion 3.1.1.3
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Examinee should be able to distinguish between heat (thermal
energy transfer) and temperature and describe how phase
change and heat transfer occur. This section may include:
Quantity of Heat and Specific Heat Capacity. T

sy AN S5 | 5 1 5,

5,1l Ji 48l

Calorimetry and Phase Changes.

Mechanisms of Heat Transfer. 3.1.2.3

Thermodynamics 4| =)l Kwliall
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Examinee should be able to describe ideal gases and their behavior

using the kinetic molecular theory of gases and use thermodynamic

laws to characterize and define thermodynamics systems processes

and directions.
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Examinee should be able to use the kinetic-molecular theory to

explain the empirical gas laws (observations) and the behavior
of ideal gases. This section may include:

liall L)l il g3

3.2.1.1

dsall as sl anbil) 55 4 5
Kinetic Molecular Theory. T E

Ideal Gas Laws.
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Examinee should be able to use laws of thermodynamics to
define physical quantities that characterize thermodynamics
systems in equilibrium such as temperature, energy and




entropy and describe the relationships between these
quantities. This section may include:

a1 o)l Koolpll 8 Jodl 90l
First Law of Thermodynamics.

a5l Baolionll 98 olill o 0ilall
Second Law of Thermodynamics

Electricity <l Sl ‘
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Examinee should be able to demonstrate an understanding of all the
phenomena and application related to static and current electricity.
sdlshlly poilasll Huwsig Ju>i wle 0B 19568 ol HLis N uosiiall wle
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Examinee should be able to analyze and explain the
phenomena and properties related to stationary or slow-
moving electric charges. This section may include:
il oSl diszdl | 4.1.1.1

Electric Charge

a8l o<l 53l | 4.1.1.2

Electrostatic Force

wiboeSI Jal | 4.1.1.3
Electric Feld

boeSll @il | 4.1.1.4

2ileS)| gis)l Blog ol ,eSl el | 4.1.1.5

Electric Potential and Electric Potential Energy.
dlall slgollg dellg wleiall | 4.1.1.6
Capacitors, Capacitance and Dielectrics

Electric Flux
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Examinee should be able to describe the motion of electric
charges in conductors and distinguish between practical DC
and AC circuits in term of characteristics and applications. This
section may include:

wiboeSl Ll | 4.1.2.1
Electric Current

bl Ll dsl Sl Sileall | 4.1.2.2
Direct Current (DC) Electric Circuits
3> inll Hlill dsb,eSIl Silesl | 4.1.2.3
Alternating Current (AC) Electric Circuits.
Magnetism  duuwblicdll
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Examinee should be able to demonstrate an understanding of the
concept of magnetism and magnetism related phenomena and explain
how electricity could be generated from magnetism.
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Examinee should be able to analyze, explain and describe all
phenomena associated with natural magnets and
electromagnets such as magnetic field, magnetic forces,
magnetic flux, magnetic torque. This section may include:
4wl oSl bnileall g bnileall yoilos | 4.2.1.1
Magnet and Electromagnet Properties

eblisall Joall | 4.2.1.2

Magnetic Field

uublioall g5l | 4.2.1.3
Magnetic Flux

duablicoll 393l | 4.2.1.4
Magnetic Force

owbliooll sl | 4.2.15

Magnetic Torque
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Examinee should be able to explain the concept
electromagnetic induction that electricity could be generated
from magnetism and use it to explain the operation of
electromagnetic induction applications such as transformers
and electric generators. This section may include:




st li09 548l Cnll il 08
Electromagnetic Induction Laws

swcoligng oSl coll Cliks

Electromagnetic Induction Appl'ications

&il>all g wlinall
Inductance and Inductors.

The Theory of Relativity  du.ill & il
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Examinee should be able to distinguish between the special theory of
relativity and the general theory of relativity and use them to explain
many modern physics phenomena such as nuclear physics, astronomy
and cosmology.

il 2l b pall B s e 536 19368, o L uosisall e
& > poilas i o8 wlid 3 Gigw KulSw ol &S Bogy paliciyd Aol
fode pudl] 158 Sgizy 35 e gunll e yo lgic s L il Al

Examinee should be able to explain the implications of
Einstein's Special Theory of Relativity and describe how
Newtonian mechanics failed to explain properly the motion of
objects whose speeds approach that of light. This section may
include:

ol dols)l dull &bl lakuo | 5.1.1.1
Einstein's Special Theory of Relativity Postulates.

sl didl | 5.1.1.2

Relativity of Simultaneity

duio ;)| o)l 4w | 5.1.1.3

Relativity of Time Intervals




Jobll 4| 5.1.1.4
Relativity of Length.

dupaidl & il eS| 5.1.1.5
Relativistic Momentum

@l Al dslso | 5.1.1.6

Mass-Energy Equivalence

Quantum Physics and Atomic Physics &l ¢l sullg duSll <l 5.4l
Jolusg donls suusil GoSll 4 il alssiul wle 56 193gSy ol HLis N cuessiall e
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Examinee should be able to use the quantum theory to explain the
nature and behavior of matter and energy on the atomic level that the
classical physics failed to such as light wave-particle duality and the
modern atomic structure model.

9.0l @ 95 50l doulall uuiti Aoy wle 01306 19igSy ol LN cuosiiall wle
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Examinee should be able to describe and explain the Dual
Nature of Light and Matter and explain the experiments that
proved the light-matter duality. This section may include:

> gl sl wleles| | 5.2.1.1
Blackbody Radiations

959,63 Lol ] 5.2.1.2
Photoelectric Effect

oeiesS Lubi| 5.2.1.3
The Compton Effect

wows @90 Jsb :dpldll wlgall | 5.2.1.4
Matter Waves: de Broglie wavelength

¢ i nle @l | 5.2.1.5

Heisenberg Uncertainty Principle

@Sl el el wliuks | 5.2.1.6

Quantum Physics Application.
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Examinee should be able to explain how the quantum physics
theory helped in understanding the modern atomic model (Bohr
Model). This section may include:

ANl 2sladl | 5.2.2.1
Atomic Models.

sool &bl 5.2.2.2

Atomic Spectra.

Nuclear Physics  djggill sl
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Examinee should be able to describe the atomic nuclei and their
constituents, interactions and radiations when they are unstable.




Nl 8l gill S g pailas | 5.3.1.1
Nuclear Atom Structure and Properties
Wl seubll gleadl deulall @I gsill | 5.3.1.2
Natural Transmutations: Natural Spontaneous
Radioactivity

weleadl sl daeo | 5.3.1.3
Rate of Radioactive Decay

@il dyg0ill e laill (dclbodl wigsill | 5.3.1.4
Artificial Transmutations: Induced Nuclear Reactions

5.3.2
d gl Wlawusll'| 5.3.2.1
Elementary Particles.

aS,all Ol | 5.3.2.2

Composite Particles



Physics Formula Sheet  dossiuall ¢l 508l (il 98

Physical Constants
Name Svmbol Value
Magnetic permeability of a vacuum i =107 N s&C2
Flall dowbliaal Li3Leh
Stephan-Baoltzmann canstant a S.67=107°8 W m K
wlala -plid. culd
Speed of light {in a vacuum) e 3.00:<10% m/s
(Ll ) el &2 v
Speed of sound in air W 30 mys
lI}.E,.I'I Ij .;.3_._;1_.“ "':Lf-_'-u.
Fundamental {electron or proton) charge € 1.602=10"8C
(O 3 03 Luld] dimeadi
Gravitational constant doilsdl el {1 6.67x107* N m?/kg
Planck's constant wi coli f 6.63x107* s
Boltzmann's constant plafle vl kE 1.38=107 J/K
Coulomb’s constant ps) s calt k 9x10% N m4/C?
Avogadro’s number gl 55'5 s4c NA 6.02x10 atoms/mole
Proton mass vgis gl dsS Mg 1.67=10°" kg
Electron mass Ce A8l 4T M 1.67=10°% kg
Neutron mass Ol &l M, 9.11x10 kg
Permittivity of vacuum Flal de-la. £y 2.85% 10 2F/m
Atomic mass unit 40 350 Suseg I 1.66x 10 ¥ kg
Molar gas constant, ] sl jlall ool K 8314472 L.molt K1
Acceleration due to Gravity dus 3 duiledi §ld g 8.81 m/s
Electron Voltedes a8 el 1.6x10%%)
Density of watersla! 4315 I 1000 kg/m?
(il 3 Sl waudal) Quarks Table of prefixes
Electromagnetic Spectrum ek Symbol  Charge (¢) Prefix Symbol Valoe
— tera T 10t
! Up . : giga G 10°
H i o s Down d A mega M 10°
Macho \J
$| T | Strange s 4 0 X .
} { prn - . centi c 107
5 p Charm [ e il m 1
§ Seuris - Top t 24 micro M IO’:'
+ & 5 nano n U
i ot Bottom b A pico p 10-12
) s femto f 10'*
'.,\ 1 m‘-’mx; % e 3 e L
\ Mydragen - a 1 Mo A tal
4 I P s Energy V) AT Y L5 l...‘. "‘V._“ --v‘.
= S e T
Wetle Lighe =24 5
- = t T : s
/ ¥ - a0
/3 : s
/ L 1'% - 1%
/ "W— . =
i L wore n i s
I‘-—-'.L---ho.-.-u'-a.'—;::) AD-.:—-'\.-.«--.-IA-M::.—
B GYENPprve b RO T L EE YR 350 3 5 Al U e e 23
Chpewmvan raps "?:W




Mechanics:

(Translational Motion)

(am]  dS)>) cob §)ludy pasuar 4S5y

Average Velocity dlawgiall dziell de il Ax
Vavg = R
Average Speed dlawgiall dc .l _ total distance
Savg = time
Instantaneous Velocity ddasll dc ! dx
YT
Average Acceleration lawgiell gludl 4 . A_U
avg &I—
Instantaneous Acceleration Jasll ;L. B dv
dt
Motion of a particle with constant acceleration v=vy+ at

1

Axr;(vo +v)t
1

Ax=v,t + Eat2

12 = vol + 2alx

Newton’s Second Law QU pog0 0gild F=ma
Gravitational Force (Newton’s Law of Gravitation) g A
22
(A3l § (igd OpB) dudlaxll 848
Gravitational Force duwill 548 F=mg
Weight 0jgll W=mg
Friction Force 2J8a>Yl 543 f =uFy
Centripetal Acceleration (535! g)ludll v?
= b
R
Centripetal Force &3Syl 5 a)! e muv?
R
Kinetic Energy &S| dalkll Felpnit
Potential Energy zo3ll dilke F=-9U/ax
Gravitational Potential Energy 4wl png 43l AU =mgAy
Elastic Potential Energy dig ell aog 43l U(x) =%kx2
Work Done by Constant Force duli8gd Jid W =Fdcos8=F-d
Work Done by Varying Force 8asis 553 (lad W=[F-dS

Work- Kinetic Energy Theorem dslallg  Laadl o ba

AK=Kr-Ko=W

Principle of conservation of mechanical energy

LS8! d8la)l Jai> Tawe

Ki+U1=Kz2+U2

Average Power dlawgiall 848l p.. W _AE
WETAL T AL
Instantaneous Power dda=Ul §;48]! p== 2 _rycosg=F-v"
dt di
Impulse zdal J=Fue At
Linear Momentumadasd! ),oll dus p=mv

Impulse-Momentum Theorem a3l - &yl 4 &,k

J=[Fdt=AF




Conservation of Linear Momentum (in 1D)

Al day § Audasdl ol dusS Jais

Pi=Ps

Conservation of Linear Momentum (in 2D) 4.8 laa>
i (§ Hysall

Pii+ P2i=Pir+ Pz

Center of mass location Sl 35,0 a8ge ' ik zdm '
Lem = Sm; ! Lem = ‘.%‘W
Angular displacement (in radians) g==
=
SbalJl Boas-ga) daglydl A1y
(0Ll Bazg) gl d=3Y A8 =8, - 6
Angular velocity 45!l dc ~dl Af d# = =
Way = Rpsy W= G =WXTr
i (<1 1) _ Aw _ dw =8 =+
Angular acceleration g3yl galuwd Oay = 52, @ 2, d=@axrf
Motion of a particle with constant angular acceleration | w = wq+ at
i i 1
(rotational motion) ﬂ9=wof+£ﬂ’f2
—— . . ) v A
(493 &5)>) ol S91) Eoludy pasar 45> % E;)G +oenp
Af = E[w + wy)t
1
ﬁ[?:wt—E at?
Relationship Between Angular and Linear Variables U= wr
dglilly duasell Wlpsiall (o 483Ul a,=ar
12 .
= 1;— = wr
2r  2m
T=—=—
v w
Rotation inertia hs! jguadll pje I=%,mm? I=[r¥dm
1 2 %Tﬂ'rz Il'l.[lf.a.? H.z_]

2 L 3z 3 2 2 2 2 mr
mr FmT smr gmrs  gymi ;

Theorem of Parallel Axes

:‘__)'l gall jgladl 5.._.;53

¥ ]

, . , i
! S, [
O () @+ U Wiz
i ] I i I ] il
ring dislkt  shell sphere rod  hollow solid rectangle
I 1.
Theorem of Parallel Axes: I) = L + 2 T
G

Theorem of Perp. Axes: [, = [, + 1

S

Torque el

Newton’s Second Law (Rotational Motion)

() 38 ) Sl s oy gl

1=rF =r F=rFsint

= dL
T= 4
Trl&'tzh-(

Rotational work done by a toque

5ol o Ghsdl Jia

W =1A#f (1T constant)




Power in rotational motion 4!yl 45l Q& adll

Rotational Kinetic Energy 45ls! 4.8zl d3Uall

Angular Momentum &l 2=l .S

Angular momentum of a system of particles

ke
L= ;
Slaguad! (o plad gl 2ol 48 i=1
Angular Momentum of a rotating rigid body L=1w
Olgd A= § oo pad dglill 2yl dusS
Density 43lis)l - m
Py
Pressure laiall '
P=12
Archimedes’ principle yedsesyi luse F=mig
Volume flow rate pa=! 3805 Jdae Ry=Av

Bernoulli’s Equation Jsis dolas

1
p+=pv?+ pgy = constant

Equation of continuity &l peiwdl dslas

Ry = Av = constant

Viscous Force d=g3ll 553

F=-nAg®

Stoke's Law Syt 053l8

F = 6rnrv




Waves and Optics:

Frequency cycles per time 224l 1

f=7
Displacement 4=}l x = x,cos{wt + ¢)
Angular frequency S9!yl 534! 21

w = ? = 2]"!')‘(

Velocity el

vV =—wx,, sin(wt + ¢)

Acceleration &)Ll

a=-w?x,,cos(wt + ¢)

Angular frequency (spring-mass system)

I
w = ||_
(L0319 ASII alkas) i3l a3l |m
Period (spring-mass system) m
T=2n llT
N K
(2Ll S plia) (g9l ra3ll
Period (simple pendulum) III
T=2m |-
(sl Jidl) 5r5ll 03! NI
Damping force Jeesall 843 F=hyu

Sinusoidal Waves Mathematical form (positive
direction) (—rge oladl)duad! dogall d0sl i dauall

v(xt)=y sin(kx-wt)

Angular wave number $slyl (zsell 3dall b= 2n
" A
Angular frequenc 131 530 2m _
g quency Sl 234 o e}
T
Wave speed dzgall de s i i = if
kK 7 -
Wave speed on stretched string E
[':‘ —] |_
Sgdiee laus § Ogeall Ao i

Standing wave (da3lgll) &,aiull dgall

V' (x, t) = [2y sin(kx)]cos(wt)

General equation of wave 4xgell dslall dlslasl

%y _ 1 8%
0z2 — w2 9t

Transmitted Power dJgaiall 5)uall

P,, = 2npv A%p?




Thermal Physics and Thermodynamics:

Fahrenheit to Celsius
L) ol ) s il

Te=2(Ti-32)

Celsius to Fahrenheit
Sl pedll A ghall ds jal)

Ti=2Tc +32

==
L=
Celsius to Kelvin
Ol DA gialt ds il e

Tw=T:+273.15

- Tt
‘:A..AAJ'I‘TPJ);J Al

Linear Thermal Expansion AL = LaAT
aall gl jadl 2l
Volume Thermal Expansion AV =VBAT

Stress (force per unit area)

stress = modulus x strain

(Abaws B9 SN 898 ) 2lg]
Stress (pressure) (laas) slg=! p=t

A
Tension/Compression, E: Young’s modulus ol £ AL

A L

b Jalne el fasdl
Shearing Stress, G: Shear modulus T n Ax

B %
wadll Jalaas i mall slg=
Heat and temperature change Q=C(Tts-Ti)
55 pmllds 5395 ) yall pas Q=cm(Tt-Ti)
Heat and phase change skl ynadss )l =l Q=ILm

Power of Thermal conduction ! =l Jeea gl

Th—T¢
P L'U}'.lllJLUUII: k.{'\.( T)

Power of radiation Stefan-Boltzman law
e 38 g2 i (93

P radiation = G'E[iT‘II

First Law of Thermodynamics
Sl el Sl 8 63 ) il

AE i+ =Ez'11f,f ~Enei=Q-W
dEmr=d0Q - dW




Electricity and Magnetism:

Coulomb’s Law a3 S (56

Electric Field for a point charge
“..L‘aa.a daa "_f__s1'...1)‘g_<1|| _j'.;_ud'l

Electrostatic Energy 48 3 ;<) 4itl)

Electrostatic Potential
A s g 3481 pica gl 48

Electric Flux A »<) @sxdll

R | 19
U - 411‘60 "
= L

V - 4']‘TEL] T

¢=¢E-dS

Gauss’s Law _sge 58

§Ed§= Qin/ﬁg

Capacitance 42l C=gq/V
Parallel Plate Capacitance s j fie (sissdoa dnu
0 pi L LB ) fe C = E(]A/d
Energy Stored in a Capacitor Sl 845 g ja.ll 43l 2
g SO — 1 I < R |
U=30V:=35=3QV
Capacitance with Dielectric 4 jlall 53l as dadl O — wKA
- d
i Sty Lol A85E . .
Current Density & j= %/A =o'l

Wire Resistance2llull 4x glia

Ohm’s Law a3 [l

R = pl/A, where p=1/0c

V =iR

Electric Power 4k <l 3 a8l

Charging Capacitor
. r-.1| 4‘_'“& ‘__j. -JLS A ‘__._1:. "'El

Discharging Capacitor
aus Al Alls 8 ) e d5al)
& « e

Time Constant in RC circuit
A glie -0 53000 B g gmadl e ) il

Lorentz Force on Moving Charge
A€ gatedinl o yiggi g

P=V3R=I*R=IV
g(t) =CV [1 —e” f’@]

q(t) = goe~®re

t

Charged Particle in a Uniform Magnetic Field

PR ST — mv 2mm
mw—m—ﬂm‘_‘!médpﬂaﬂ T t]B’ QB
Force on a Curent Carrying Wire — -

b Jang el e 5.0 F=ilxB
Magnetic Moment of a current loop (dipole) ﬁ- =l A‘

((miobinal) ki) 5 e ) S 5 giad Allal il 2 el




Torque on a magnetic dipole placed in Magnetic
Field (B)

[RET iy LgL 21
H_,__»..'_Ig.cl'_'n.na e e ge  wdaliaa Hﬁaa'._u '_,__i.:- Al

Hall Effect (s s

Biot-Savart Law

S L Y s

Magnetic Field Due to an Infinite Straight Wire
Y asiee L bl Jladl

7=ixB
Bi
V'LI.I === -T-‘I_E:_

Ampere’s Law i () ¢l

Magnetic Field Inside a Solenoid
Al ile Jala aliadl Jladd

(o

Magnetic Field Inside a Toroid
cla cale Jala uahladdl Ol

Magnetic Flux bl 38l

Faraday’s Law ) )18 () 58

Motional emf 45k Sl dadlal) 5 gl

Self-Inductance Agiall ailadll

Growth Current in RL circuit
L;lé.;_ .Luu.-.:ﬁ)ﬂ_‘a _______"‘ )'.I_;"ﬂl $al

Decay Current in RL circuit
o glin — e d yila B Ll Dlae)

jFE;CU_.Z ;L[:.Iiﬂ

B = pgni, nz—ﬂ“—"
B:E"‘N"I
277

¢=§B.dS

= _4d¢
W=
e = Blv

. . di
¢=1Li, e=-Lg

f = %[1—5‘%}

Time Constant of RL circuit e =T / R

A glie — Cima B A A (e Hl il -

Epuergy‘ ?FOII‘J..EdTiI_:lﬂltllldllCtOl‘ U — 1 L?:Q

Cima ?_a, Aig ):._u| 43 Ll 2

Mutual Inductance “alial 43lal) ! :
: ¢p=Mi, e=-ME

emf induced in a rotating coil
33 cale 83 0l A sl Aadlall 5 gall

e = NABuw sin wt

RMS Current

i 4 . ;
..l.lﬁ il ) o sha jdm .
_ ” T lrms = V2
Capacitive Reactance &Sl 4clies o T
cT wC
Inductive Reactance <l dadas
X, =wlL

Power Factor 5 el Jalas

Transformers =Y sall

P = ermsirms CDS¢'

Nl — £ = ’
Na = o €101 = €202




Modern Physics:

Photon’s Energy s sl 4k

Photon’s Momentum & sl & i 4.

Maximum Kinetic Energy of Ejected Electrons
gl (39 S gl 48 a1 2L

Threshold Frequency in Photoelectric Effect
s Sl Al 8 Akl 21 5

Stopping Potential &Y 3=

De Broglie Wavelength

' - I
3 4 oy |
R A g U g

Energy in n Bohr Orbit
Je ]| )|L-. l_.].-\. )|L¢ él #4‘_‘]_‘911

Photon’s Energy in State Transition
JEY! Al 8 ) 68 i) AL

Wavelength of Emitted Radiation
Note: Transition from the n™ to the m™ state
Geesiall e le S0 ‘ﬁ.}..hl_].}hil
m j-l_‘...d'l é_h n )L‘...;J"I = J'\_ﬁ.u?;'l dlan e

E =hv = hefA
p=h/A=E/c
Kpax =hv —¢
vo = ¢/h
Vot () -
A=h/p
T
n
E«g = El = h!/
1 [1 1
X R/ [ng a -!;13]

Heisenberg Uncertainty Principle
& i e A8 e

Nuclear Decay Rate s 35! A=) Jaas

ApAz > h,/.(-2?rl), AEAL > h,/l('21rl)

dl — _AN

¢ N = Nge™t

Mass defect

b

Binding energy
Ly Gt

Energy released in nuclear reaction
39l Jeldll & Aheid)) A8

Am = [Zmy+ (A—Z)ym,| - M

B =[Zm, + (A— Z)m, — M]

AE = Amd®




ﬂ Examples kol ]

refer to the following velocity-time -de yull) Ul dulul @l wle Iblaicl
graph. (84l
Determine the magnitude of )
acceleration of the object when t= ool 0sS lovic awsll g5 luis Slsso 3>l
time = 4 seconds. olgi 4

0 m/s? 2 m/s?

5 m/s? 10 m/s?

20 m/s?

refer to the following velocity-time -de ull) Ul duldl @del wle Iblaicl
graph. (8l
Determine the displacement )
(change in position), Ax, of the auwsl) (2390l @8 usill) sl S laio 3>
object during the 5-second time wilgi (B)Jl 6,8 s
interval.

40 m 60 m

80 m 100 m

120 m



3.  Which graph best represents the e Juodl JSiz @slenll Jiny il aury S
equation, P =I?R P=I?R

e -
/

&
P

0 I o] I
PL
[#) I
4. Which of the following statements Cégaio doS oy Y @bl wl,bell oo Sl
does NOT describe a vector

quantity?

. 9a)l X olsil @8 &/ A 20 dic s A
An object has a speed of 20 m/s in the positive x -direction.
w888l G685 30 &gl 5y Jowi igw 30 B 10 893
A 30-newton force acts at an angle of 30° above the horizontal.
i0 6l 2.0 @8l 5, Ll glod
A car travels a distance of 2.0 kilometers.
Jawdl 935 ¢ g dwslall gl ol
The acceleration of gravity, g, is directed downward.
L8l 5ie 5.0 Lgisl] &5 dliS
A mass is displaced 5.0 meters horizontally.

5. A projectile is launched with an @9 |50 50 duilxiyl dc juwy Bgdio G| Al
initial velocity of 50 meters per 4S50l 32> a9l 599 d> 55 30 dyl 50 dulill
second at an angle of 30° vy cdasall dulain ] de sl duwl )l

above the horizontal. Determine
the y-component of the
projectile’s initial velocity, vy

25 m/s 30 m/s
252 m/s 40 m/s
25 /3 m/s
6. Two forces act on a 5-kilogram 893 g9 .wlol ;& 418 5 diS wle )l 5385 )ligd
mass. A 16-newton force pushes o gall X ol w8 Al gy 16 B ln80

the mass in the positive x - Ll X olsil @8 g 12 B laie 549 g9Nig



direction, and a 12-newton force e 55580l dasall sgall olsilg laio 3>
pushes in the negative x - Iy
direction. Determine the resultant

net force acting on the mass.

ALl x ol (igw 4 wgall X ol (yigw 4
4 N, —x direction 4 N, +x direction
Ll % alsil (igw 28 > g0ll x alsil (yigw 28
28 N, —x direction 28 N, +x direction

> gall x olsil (g 14
14 N, +x direction

A mass is displaced upward along 30° lstios oy 3o wle wleY dliS dsl sl

a 30° incline as shown in the i losic oozl aw,ll 08 2b90 98 oS
diagram. When it reaches the top h ol lelai s &l asiall dod J] dliSl
of the incline, the mass has a Job wle dulio Ad dlisl dsl 5] b . yio 2.4
vertical height, /2, of 2.4 meters. ¢ ol

What is the displacement, Ad, of
the mass as measured along the

incline?

Ad

h=24m
307
1.22m 1.2+/3 m
3.0m 4.8m

2.4~/3m
Three forces act on a mass as 9l . asge 9 S @il wle Sg8 e i
shown. Determine the magnitude 6 53 a0l dosall 8ol 985 Cusy F 893l lado
of force F so that the resultant s disll e

force acting on the mass is zero.

3N 4N
42N 5v2N
53N c
A ball tossed upward from a sl indazi suis o e Y (4338 a5 il 6 S
bridge just misses the bridge on oS cobsl elall 08 bougig Jow Al J| Guoboll 8

the way down and lands in the sy e ]l L adadasill sl 3 zB 90 9



10.

11.

water below, as shown in the o3gd a3l cBoll cloll Rl G99 | yi0 24
diagram. The bridge is 24 meters WIA LT N W N IR EVICRAPEN
above the surface of the el ol 8,3
water. The elapsed time for this

motion is 3 seconds. Determine

the initial speed of the

upward throw.

3 m/s 5m/s
7 m/s 9 m/s
11 m/s

The driver of a car moving at 20 | 3io 20 dc juuy & o0 il 8, el @il Ja
meters per second notices the ol a3 59 5all B, Ll £ 9.8 o dulill @3
light has changed to red. When Jol el wle Gkl besy Baic . 53l lll
the driver applies the brakes, the aulill @8 SHliol 10 ln60y 5, Luddl Usliiig
car experiences a deceleration of 8 8, b | gl il @3liaall 560 Lo .2u s
10 meters per second T 8gi ol

squared. How far will the car travel
before it stops?

5m 10 m
15m 20m
25 m
relate to the velocity versus time (o l-de yudll) dull @dlell wle Iskicl
graph below. 10+
104 Velocity \
Velocity ~ (mfs) 54
(mfs) s
0 T T T T T T
N R TR TG TR TR 0 1 2 3 4 5 6
Time (s) ) L Timc(s). )
Determine the magnitude of 12 o duo )l 65l D gLl 1o lo
acceleration from 2 to 3 seconds. Ayl 3
0 m/s? 1.0 m/s?
5.0 m/s? 10 m/s?

Cannot be determined.



12.

13.

14.

relate to the velocity versus time (oll-de sudll) dulull a3l e slaicl

graph below. 10
10 Velocity \—
\_- (m."s) 54

Velocity

(m/s) s
0 T T T T T T
2 l ’ l ‘ , ' 0 | 2 3 4 5 6
0 I 2 3 4 5 6 Time (s)
Time (5) 6 a8)l M= (R3g0ll @& ueill) dsl 521 S lado bo
Determine the displacement 45t 5 Wl 3 e duoll
(change in position) from 3to0 5
seconds.
1.0m 20m
5.0m 10 m
15 m
relate to the velocity versus time (o ll-de yull) dull @dlell wle Islaicl
graph below. 10
10 Velocity \—
Velocity \_ B 5
(m/s) s
0 T T T T T T
0 : : : , : : 0 | 2 3 4 5 6
0 | 2 3 4 5 6 Time (s)
Time (5) ol 3 oo duin 3l b el D gLl laio Lo
Determine the magnitude of 4t 5
acceleration from 3 to 5 seconds.
1.0 m/s? 2.5 m/s?
5.0 m/s? 5.5 m/s?
Cannot be determined.
In the diagram, a ball is thrown o ode Y 5,8 o)y ¢ doulasill aw )l 08
upward. The ball slows on the way S,98 Wi o] dusig « ol Lk 953l
up, reaches an instantaneous stop  Goob eyl vy i ¢ gla ] sl sie
at maximum height, increases S8l wilgs gl wle &S 2l iy « Jg il
speed on the way down, and Quaal Sl a5 i @l duilid] agu )l 40
finishes the motion at a lower final Cudoll Lilio

height. Which of the following
graphs represents vertical
displacement versus time?



0 1]

0

15. How high is the ceiling in a school 4ol )l Ol dlo @ Gl glail o b

gymnasium if a volleyball thrown oo ol 8 ,llll 8,8 o, ai 13] duyall
upward from the floor at 10.0 puolg dulill @9 5io 10.0 dc juy &)
meters per second barely touches T 3l ol b3gell L8 >KIL sl
the ceiling before returning the
ground?

4.0m 50m

6.0 m 7.0m

8.0m
16. A mass undergoes a constant 4.0 ,lsiay o 9Sudl o eyl g )l AliS Az

acceleration from rest at 4.0 dlg w8 dliSll dsl 5] Lo dey 5o duli JS) ) Liol
meters per second squared. What Coles 10

is the displacement of the mass at
the end of 10 seconds?

100 m 150 m
200 m 400 m
450 m
17. A mass initially at rest le) b dlsdl o8 ¢ eSul e disIl s
experiences a uniform disll sl 5] « t duo 3l byl D .a « lalaise
acceleration, a. During time 8ol el losic Al asl 5] bo .x « @luo
interval ¢, the mass is displaced a 2t Soluyy yusiiiall

distance, x. What is the
displacement of the mass when
the elapsed time doubles, and
equals 2¢

X V2 (x)

2x 24/2 (x)
4x



18. A runner is training on an oval- &ly cus JSadl Solaw Hluo wle woai clxe

19.

20.

shaped track where each lap has e juu wle clsell bdls, . 5io 400 d) JS Jgb
a length of 400 meters. The o9 dlall dois oJ] S9u9 ¢ 95 JoSyg dinli
runner maintains a constant 8,58l 038 9 clxell de s o .40l 100
speed and completes two laps, € duio 5l

returning to the starting point in
100 seconds. What is the velocity
of the runner for this time interval?

0 m/s 2m/s
4 m/s 8 m/s
12 m/s

In the diagram, six cars are shown 089 Wl G gkt cpdaidnzsill an )l 03
driving on a four-lane highway. Wl desl e sSe & Gk wle s
Two observers are riding in car X. lgis ,lo xic . X 8, bl @ lasl ;) S
When compared with the w9 Sliol 10 Lgic s 9305 85l S| e8] 0l
observers, which car appears to CoSlaall ol w8 duslill

have a velocity of 10 meters per
second in the opposite direction?

—[ ]
_____ ?6.],’5""‘-",;"""_"'""56;17;'-";"""""""
30 m/s
"“"“-“;,'“'ﬂf.ars """""" S s
A B
C D
E
A boat with a speed of 4 meters 590 @bl @9 Lliol 4 de s 0,8 o
per second will cross a 40-meter- Al o9 Sliol 3 &ly ki [5io 40 as ,e
wide river that has a current of 290 93 WS (b il sl Houe Gl Lngy
3 meters per second. The boat U] ol aw )l 08
aims directly across the river, as A
shown in the diagram below. cxsog
7 Y 40 m s 4m".sl L) "

Coeill Lol Ol § s cBgll o S

40 Vriver = Imis
m >
Vhou = 4 /S

How long will the boat take to
cross the river?

10s 20s
30s 40 s
50s



21,

22.

23.

A boat with a speed of 4 meters
per second will cross a 40-meter-
wide river that has a current of

3 meters per second. The boat
aims directly across the river, as
shown in the diagram below.

A

40m > l
Voou = 4 m's

How far downstream will the boat
drift as a result of the river
current?

Om
20m

You want to cross a flowing river
in the least amount of time. The
location on the other side of the
river is not important, only
minimizing the time to cross the
river matters. You should aim

ol guial

completely upstream

Sl e §5ibo
directly across the stream

| g0 dwlill 6\9 )bbi 4 4c yu 0,6 sumuw
Al @8 Sliol 3 &ly Ll 150 40 as )
ao90 98 WS b ibo Hell Hae L, gy
bl wolidl A )l 98

A

40 m .
Voo = 4 mM/S
1

S 20 ol 98 Ll i S3o0 Sl )|

ol Sl &2 il

Viivee = 3 MVS

>

15m
30m
45 m

S 1 ogo o 5ail oo 5331 ol ke
Wngi ol Ly pgo el Hgue iy

Ll ol

slightly upstream

Wil ol
slightly downstream

loloi ool

completely downstream

Which variable(s) remain(s)

constant during the entire flight of

a projectile?

Dl b s il (e puill) siall o
Seill dolS)l s

i e ul) 831 &S 5all ()
(A) Horizontal component of velocity only
b de juull dual JII 4S50l (0)
(B) Vertical component of velocity only
bt g 5Ll (2)
(C) Acceleration only
g9l ledds (5)
(D) Both Aand C
29w ldds (o)
(E) BothBand C



24. A ball thrown horizontally from the |50 20 aclis,| wiso dl> o0 Gadl cull 5,8

25.

26.

edge of a 20-meter-tall structure 90 WS wisall 838 o 1550 30 a2y wle o
lands 30 meters from the base of B8l wo,) e 39l LB 90
the structure as shown. Determine

the speed at which the ball was

thrown.
5 m/s 10 m/s
15 m/s 20 m/s
25 m/s
A convertible car with an open top AC jany i 2980 i 0I5 499580 b, lauw
is driving at constant velocity A 1Bl wded 5 S QIS )l sl Cangy loaie dib
when a ball is thrown straight €53l bouginw 4 clgel) doglio ld S

upward by one of the passengers.
If there is no air resistance, where
will the ball land?

6, Ll Alol
In front of the car
55l 98
In the car
8, bl Al
Behind the car
el de yu wle saiey Ll gl
The answer depends on the speed of the projectile.
okl de s e sainy Ll g2l
The answer depends on the speed of the car.

The diagram below depicts a dboiill oo illol @38 obs| golll aus )l 2udes
projectile launched from point A Sodiall Juoy .83l wlel dygl 3y v de s A
with a speed v at angle of , above Sdiall >905 B dbsill xic d gl ;| wuall |
the horizontal. The projectile w893 Saall d@sso « C dbiill xic o, 3 Wl
reaches its maximum height, A, at g9030 gl Al s wle C g A libsill .x
point B. The projectile impacts t 90 C dbiill J| A dosill (o @ Jl 05
the ground at point C, achieving a Ayl
final range of x. Points Aand C oE

are at the same height. The total N

time of flight from point A to point ‘/ e

Cis tseconds. — - i

—— B bl sic gsiall de u 33




27.

28.

Determine the speed of the
projectile at point B

Zero jho
1

EU

The diagram below depicts a
projectile launched from point A
with a speed vat angle of , above
the horizontal. The projectile
reaches its maximum height, A, at
point B. The projectile impacts
the ground at point C, achieving a
final range of x. Points Aand C
are at the same height. The total
time of flight from point A to point
Cis tseconds.

Determine the speed of the
projectile at point C

Zero o
1

EU

The diagram below depicts a
projectile launched from point A
with a speed vat angle of , above
the horizontal. The projectile
reaches its maximum height, A, at
point B. The projectile impacts
the ground at point C, achieving a
final range of x. Points Aand C
are at the same height. The total
time of flight from point A to point
Cis tseconds.

Which of the statements below is
true regarding the acceleration

v
v cos 6

vsin @

dboiill oo illol @38 obs| @olll aus | B8
Sodiall Juoy .83l el digl 3y v de s A
9350l 392) . B dhiill sic d gl )| susdl Wl
w9 Al Saoll diiso « C dasill sic (o, 31 Wl

g90>0 g0, s wle C g A libosil .x

t 9d C dosill oJ| A dosill o @l o

X

C dbidl sic Bg3iall dc p 339

1))
v cos 6

v sin @

dbsill oo calbl 49,39 ob>|uul.uJ| aull 294
Soddall Juoy .83l wlel dygl 3y v de s A
Sdiall 5905 .B dbosill xic d gl ;| wuadl Wl
w893 Saall d@sso « C dbiill xic o, 3 Wl
g900 .6, iy wle C g A olibosil] .x
t 90 C dbosill wJ| A dosill o ds )l y0 55
Ayl

&Ll @l Lo dsumas obsl @l Lell Qof_si
Y gxaall wle isall
CC doiill Wl A dbsill oo lgil>, D



29.

30.

acting on the projectile during its
flight from point A to point C?

C &I B 0315309 B ol A o gLl oz
The acceleration decreases from Ato Band increases from Bto C
C Wl B o y23m9 B ol A o gLl 33
The acceleration increases from Ato Band decreases from Bto C
A sic gLl [lsia) 46931 diS o)l Soluw £ 5Ll lsio B sic
At B, the magnitude of the acceleration equals the x-component of the
magnitude at A
Sleo ol oS A die dusi 98 )Ll lxio C xie
At C, the magnitude of the acceleration is the same as at A but the direction
is opposite
C ol A o Wb gLl olsilg laio Jlay
The magnitude and direction of the acceleration remain constant from A to

C
A car accelerates from rest to a | Sio 20 de uw ol 98l o 8,5kl &5l
velocity of 20 meters per second. &3¢ « Acull 030 W] duai losic . aulill o3
When it reaches this velocity, the doglio o)l 2,38l .598¢)l dulgy o dond Gilull
driver removes his foot from the S5 Y el ggll
accelerator. Assume air 9 g B L
resistance is negligible.
The car will
le) ol sl s 8 s
speed up slightly due to its inertia
diolol 599 5939 AxC oty Uoluis
slow due to the lack of forward force
99
come to a stop
idos 2583029 858 & /5 20 de yun o
continue at 20 m/s briefly and then slow
6,5 ludl e d5lgi0 ue 598 Jowi wis &/ 4 20 de ol
continue at 20 m/s until an unbalanced force acts on the car

A small object is attracted to Earth > 551 4o, Wl s auws L
by a 50-newton gravitational force. 0o auwsll Lo Ligw 50 B)lxie
The object pulls back on Earth alasiiwl
with

igw 0 B0 549 409320 HuE b ks 898

aforce of 0N a negligible, small nonzero force

cigs D iy oiow 50 B0 598
aforce of 5N a force of 50 N

oigw 500 B, lx60 598
a force of 500 N



31.

32.

33.

34.

When an object is thrown upward 5939 aC Al @8 wle Lo aws L) losic
in the absence of air resistance dicd &l Juoyg <lggl) dogléo
and reaches the top of its doall « dadill 03 sic g8l W Wgis ¢ Luoll
trajectory, it stops instantaneously o awll e b y580ll @S]

At this point, the net force acting
on the object is

B )l (59 Soluw
zero equal to the weight of the object
Al diS S gl g
equal to the mass of the object
olsa | e
changing direction
Two strings support a 10-newton 2590 90 oS (igw 10 aws lacy ¢kl
object, as shown. The tension in 9 1 sl @9 sl
string 1is
10N
BLI wisH 99 0
zero between 0 and 5 N
between 5 and 10 N
10 N
A 70-kilogram person rides in an 300 @9 bl ;29l8 70 459 posi S
elevator that is accelerating gy 50 4l JS) i 2.0 de juw e g )l
upward at 2.0 meters per second Coasall wle 5§ will dueulll 59all lsio bo
squared. What is the normal force
acting on the person?
560 N 700 N
840 N 960 N
1,000 N
A mass remains at rest on an 9 WS «,azi0 wle (98w Al ¢ sl Jhas
incline, as shown above. Which )l aws)l bhso 9 b odel aogw

free-body diagram is correct? Cacall



35. A mass, m,is pulled along a

36.

rough horizontal surface, as

shown above. If the mass is

accelerating, then the friction
force, 7, is equal to

m i.*

€

bss F (1)
(A) Fonly
ki mg (z)

(C) mg only

i

A mass, m, is pulled along a

horizontal surface by force F, as

shown above. If the resulting

motion is constant velocity, then

the frictional force is equal to

Zero o
mg cos 6

e s 98l a2l Job e g i M dls
58 0« £ ol AN lS 1| zrg0 b leS

Sslus f Jin Y]

—>

ks N (©)
(B) Monly
29l XS ()
(D) both Aand C

z 9w X (d)

(E) both Band C

i

(i)

F 858l g8l alow Jsb wle lgss aiy M diS

o Al @ 5] oYel ausgo gp LS

Solus Iin Nl 68 18 sk e o

nmg
F cos 6

Fsing



37.

38.

39.

12N
1kg — 2kg —{ 3kg —>

Three masses are connected with
strings, as shown above.
Determine the acceleration of the
2-kilogram mass.

0 m/s?
2 m/s?
6 m/s?

D=

As shown in the diagram above, a
2-kilogram mass lies on a
horizontal rough surface while

a 1-kilogram mass hangs
vertically. The string between
them is massless, and the pulley
is both massless and frictionless.
What minimum coefficient of
friction will keep the blocks at
rest?

The object in the diagram above is

in uniform circular motion. Which
vectors show the tangential
velocity and centripetal
acceleration for the object at the
instant diagrammed?

i
N A

12N
lkg — 2kg — 3 kg |—

el s 9 oS basy daio JiS DV
wloeolS 2 disll g 5l x>l

1 m/s?
4 m/s?

2kg

| ]

29 ¢ odel il aa )l 09 290 98 oS
loiy 9l s gl wle al 98 2 dliS
aC lagiy sl by gec dsleo Al e olS 1 dliS
Jhsto lo - JSin Nl Al danc 3,S4ly Al
dls 09 S s S5l s3] JEin Nl olso
TS

0.5

ﬂ‘O\ i

il 86 55 08 oVl olull sl 6 s
dplaall dc | b5 il lgniall lo oo
bS] ol 58 mainl 8055 ) s

S bl
N A



41.

42.

43.

44.

N A

A 5.0-kilogram mass is moving in
uniform circular motion with a
radius of 1.0 meter and a
frequency of 3.0 hertz.
Determine the tangential velocity
of the mass.

1
-mtm/s
6
3
-1t m/s
2

6 T M/s

A 5.0-kilogram mass is moving in
uniform circular motion with a
radius of 1.0 meter and a
frequency of 3.0 hertz.
Determine the centripetal
acceleration of the mass.

3 2 m/s?
12 m2 m/s?
72 12 m/s?

A 30-kilogram child is sitting 2.0
meters from the center of a merry-

go-round. The coefficients of static

and kinetic friction between the
child and the surface of the merry-
go-round are 0.8 and 0.6,
respectively. Determine the
maximum speed of the merry-go-
round before the child begins to
slip.

V12 m/s

8 m/s

A roller coaster needs to complete

a vertical loop that has a radius of
10 meters. What must its
minimum speed be at the top of
the loop?

5m/s
10 m/s

dy,il> &S 5> w8 & i al ;261 5.0 dliS
3350 3.0 3559 yio 1.0 b8 s daliiiio
Sl duslooll de yuill 339l

2
=mtm/s
3

31T m/s

dy,il> &S 5> w8 & i al ;261 5.0 dliS
33D 3.0 3559 yio 1.0 b8 s daliiiio
Al 5 all gLl a2l

6 2 m/s?
36 2 m/s?

ey e gulzy ol & 0lS 30 i &y dib
SN S Nolsw nlgd ds) S50 oo yio 2.0
0.8 ol 33)l ahasg JIll o 108,55 S
S goill de sl 33> uu)JJ|U\J£063
A3 8 Jaboll sy ol 8 1,90l

4 m/s
12 m/s

16 m/s

Cuni dyygac dals JloS| ol dul g8l zlisg
SE o33 4 s 1 50 Lo . ol 10 b,
Caslsll el

7 m/s
14 m/s

100 m/s



e 5,56 b9 @l pull 68 ol 21 o
Joglly ALl

In order for an object to have
potential energy capable of doing
work

490 dngd g9l @l (9% ol o
the potential energy must have a positive value
ag9gny doiiso Bl I S ol
the object must have energy associated with its position
S 5> Blb musll g8 ol oy
the object must have kinetic energy
Wb sic desg Blb a4 ity ol Soy 859 09 awnll Sy ol Loy
the object must be in a position where it can lose its potential energy when
released

Ol Al 99 pull S ol oy

the object must be stationary

46. Stretching a spring a distance of x w9 .F B,lx60 598 X d8luwo & 5w 5 i oy
requires a force of F. In the w9 Lgi 530 A (U oSl d8loll cduosll 030
process, potential energy, U, &5l sa0i) @ gllaoll 5ea)l laio o & il
is stored in the spring. How much iy will gogll @lb lsio log (2X) dluo
force is required to stretch the Clly) dagis & sl 9 Ly 535

spring a distance of 2x, and
what potential energy is stored in
the spring as a result?

Fand 2U 2Fand 2U
2Fand 4U 4Fand 4U
4Fand 8U
47. The total mechanical energy of a alail) 4,85 Su0ll @lall wJlos)
system
lasl> dili Jlas

always remains constant
il wle saiall @ISl Joidl S gl
is equal to the net work done on a system
alaill 09 @ 530l @)l o
is the energy stored in the system
alaill 48 )]l @lall o
is the kinetic energy of the system
albill o8 go4llg 4S8 2l LBl g gaxo 90
is the sum of the kinetic and potential energies in the system

48. A 1,000-kilogram satellite al 5918 1000 @59 &l welis 508 Jos,
completes a uniform circular orbit 8.0 x 10° 08 ans labriio [l 510
of radius 8.0 x 10° meters as v, 3l S &l 8,3 58 50 o duwlio |io
measured from the center of Earth alel sl culig 228 6.0 x 1024 @Jlg>
The mass of Earth is Nem2/kg? 7.0 x 107" Wls= o

approximately 6.0 x 10%* Kg,



49.

50.

51.

and the universal gravity constant
is approximately 7.0 x 10~

N ¢ m? /kg?. Determine the

work done by gravity as the
satellite completes one full orbit
around Earth

Zero
8.0x 101y
5

>

N

o a3l &b e Josuell Jaall lsio Lo
02,3 Jg=> NolS Slaoe weliall il JoS,

53x%x101°J
3.3x10"J
0x10MJ

i

=

Force (N)
wh

/

3

The force-displacement graph

above depicts the force applied to

a 2.0-kilogram mass as it is
displaced 10 meters. The initial
speed of the mass is 5.0 meters
per second. The final speed

of the mass is most nearly

7 m/s
12 m/s

The diagram below depicts a 3.0-
newton block sliding down a
frictionless 30° incline. The mass
is initially at rest at the top of the

incline.
30N
5.0m L.
-
307

The work done by gravity is

15J
60 J

The diagram below depicts a 3.0-
newton block sliding down a
frictionless 30° incline. The mass
is initially at rest at the top of the
incline.

2 4 6 8 1
Displacement (m)

bgall oMl sgally sl ) il ama )l 20y
9 WS 2l )2 608 2.0 ¢ 55 AS e 8 55all

Lo 5.0 4l dalsudl dc ol ol 10 2155
...... oot A8l el de sl oS5 il od

10 m/s
16 m/s
20 m/s

355 isw 3.0 diS obsl wilidl sl 39,
0o Solall e 53l 08 oSl dls 68 Linvo

. )J)J.DJ |
30N
fx\
5.0m R
“"'\.
30

9 4l 4 pgi ol Jasl

30 J
150 J
300 J

3555 oigw 3.0 &S olisl bl au )l 2t
S| a5, 30 GSISi| e amio wle

oo Selall £ 521 08 (gSull Als 98 Lisvo
30l



52.

53.

54.

30N 30N
S0 ™ 5.0 m ™
e e
30 307

The final speed of the mass when el Wl ooy sic dlisl) dulgill de ull
it reaches the bottom of the incline ... Solui buyii Hasiall
is most nearly

1.0 m/s 1.4 m/s

5.0 m/s 10 m/s

100 m/s

You want to lift an object 1 meter. Al 89> § 91w . yio 1 dliuo aws 83 N
Pushing the object up a 30° JSiw a99 ) taa)l s ds 5> 30 Iy [5asio
incline takes twice as long as JSiw a9 50 @, l0 « ,asdall alasiwl sie LA
lifting it straight up. When you use rdedi b9 (auiuo

the incline, compared to lifting it
straight up, you do:

dgall LAni alasiiwl g Jeidl i
half the work and use half the power
b gl Lty alasiinlg Josll Cni
half the work and use the same power
8ol an axsiiwlg Joidl i
the same work and use half the power
B gl Lt alasiwlg Jeadl i
the same work and use the same power
b ol Lhny alazialg Jeidl e
twice the work and use half the power

A rock of mass 5.0 kilograms is on 10 lecl,| d@l> oo a8 5.0 LgilS 6,50
a 10-meter-tall ledge. If the rock is oD lad « Bl e b 3.all weds 13 . Lol
pushed off the ledge, what is the Waiio o] Juai losie § 3.l &S =1 @l
kinetic energy of the rock when it Cleb g dois
reaches the halfway point of its
descent?

15J 25J

50J 250 J

500 J




55.

56.

57.

As shown in the diagram above, as,ln el will sl o8 s g0 9 oS
pendulum swings from point Ato 6,bell s3> E dbsill o] A doiill o Joxidl
point £. Identify the statement Assaall e ol
below that is NOT correct.

JolSIb diolS d8lb gd E g A o] LS (o8 a8l

The energy at both points A and £is entirely potential energy
Exdl C 0305509 C &l A o po8lisy @lall Jlos|

The total energy is decreasing from Ato C'and is increasing from Cto £
C dbiill yic golacl 45 =)l d8lall ¢S
The Kinetic energy is greatest at point C
C dbosill xic @lall Wlos| Soluy A dosill aic d@8la)l los|
The total energy at point A equals the total energy at point C
C dbsill wJI A dbiill 40 45 sl @lall s> 559 dinlSI| @8Uall (o8l
Potential energy is decreasing and kinetic energy is increasing from point A

to C
Which of the following quantities is abhbh oYl dls 98 ke Ul sl (o ol
conserved in a perfectly elastic Cloloi ¢ 0l
collision?
Lo de yull (1) b whosll a3 5l ()
(A) Velocity only (B) Linear momentum only
4S8 =l @lbll (2) z 9l ldXS ()
(C) Kinetic energy (D) Both Aand C
29w ldds (o)
(E) Both B and C
During an inelastic collision, which abll oSl Sl o0l e bl sl
of the following quantities € ool
decreases?
Lo ol 51 () b &lall pllas] ()
(A) Linear momentum only (B) Total energy only
by dlll (2) s 4,8 =]l aslall (5)
(C) Mass only (D) Kinetic energy only
> 9w s (o)
(E) BothBand D
Impulse is equal to: 'S oluy 3l
I.F Ad l. F Ad
II. F At Il. F At
. mv . mv
IV. mAv V. mAv
I |
Il and Il Il and IV

I, 111, and IV



58.

59.

60.

61.

300

F(kN) 200+

I(JO:
%0 100 200 300 (ms)
The force versus time graph 535J|‘0>l£i 8ol Jilio 8g8l) wolull sl 2sg
above shows the force acting to cliil al L& 9lS 1500 )55 6, buw X 55580l
stop a 1,500-kilogram car during 8 baad) duslai X de yuddl 3> nl>

an accident. Determine the initial
speed of the car

10 m/s 15 m/s
20 m/s 25 m/s
30 m/s
Two ice skaters, one with a mass 75 ailiS lodas| « sl wle o) siall oo il
of 75 kg and the other with a mass ol diladl @8 ¢ a8 50 ailiS 39 a8
of 50 kg, are initially stationary g2y of |oloiil 3] sl wle lao Loy g
and standing together on the ice. Clomus o 9Siw o6l §,Le SB ¢ ol

If they push off of each other,
which statement below will be
true?

23S 75 alsiall o LSl dedy wiliy 238 50 &l siall (1)
(A) The 50 kg skater receives a larger impulse than the 75 kg skater.

#>S 75 @lsiall go el deds wiliy 228 50 &)zl (<)

(B) The 50 kg skater receives a smaller impulse than the 75 kg skater.

2350 @8 LSl 5 anlay 228 50 @l sioll (2)
(C) The 50 kg skater experiences a greater change in momentum.
A 5l @8 S| i asles a8 50 &l (5)
(D) The 50 kg skater experiences a greater change in velocity.
oo 8392 51 (2)
(E) A, C, and D are all true

An 80-kilogram person running at 2.0 dc S, lol 5 9lS 80 (5 posu
2.0 meters per second jumps onto leis9 Al Gouii Ay, e a8 dulill ¢ Lio
a 20-kilogram stationary goall oe dxilll dc sl 9o o ol e 4lS 20
cart. What is the resulting speed Coosilly 4 el o
of the combined cart and person?

1.2 m/s 1.6 m/s

1.8 m/s 2.0m/s

2.4 m/s

Five objects have the same initial 10 oy dslaidl de | juss L) alus] duuas
speed of 10 meters per second. vl JoilsJl Lgolslasl sey . dulill @8 Ll
After striking a wall, some of them Gle yu lgio paedl sleiuly lesgy Sl &
are stopped and some of them Cas il 8 e Sl aslgy aus Sl diglaio

bounce back with varying speeds.



62.

63.

64.

65.

Which object experiences the
greatest change in momentum?

83qi Al > ¢S 1.0 diS
A 1.0 kilogram mass stopping

sl w8 Sliol 10 de S35 50 555 258 1.0 @S

A 1.0 kilogram mass bouncing back at 10 meters per second
83qii Al ,>9lS 2.0 &S
A 2.0 kilogram mass stopping

Aulill @8 yio 5.0 de sl Ny Al 2 9lS 2.0 diS

A 2.0 kilogram mass bouncing back at 5.0 meters per second
dulidl o9 Sliol 10 de juw S35 50 355 Al > ¢$ 2.0 diS

A 2.0 kilogram mass bouncing back at 10 meters per second

A planet with twice the mass of ua)?l dliS Ve ailiS gli Sl S gSll
Earth and a radius three times that 08Smw 42,3 SoS Wlesl @ o ,k8 anig
of Earth would havea . 4l dodls o
surface gravity of
2
g 59
2 3
39 29
2
> 9
A satellite of mass m orbits Earth ole 2,53 Jo> 590 m ailiS welio 508
at a height of #and a speed of v 508 dC juu 6Siw oS vde g h gla
What would the speed be for a hela | wle 5m ailiS welio
satellite of mass 5m at a height A
v V50
Sv 25v
1
g v
A satellite orbits Earth at height A o h glii,l wle o,3 Jo= 93 wclio 08
with a period of 7. If the satellite 3l eeliall Haill wle oIS 15] . T 6,38
were to increase its orbital height Casilll 50l 9@ s 2h Wl S, laall aclas
to 2h, what would be its resulting
period?
27 V2T
2T V8T
8T
A satellite of mass m orbits Earth wle 48,3 Jgs 59 m ailS welio 508
at a height of #and a speed of v. | weliall Haill bus 13] v de yung h g las
If the satellite were to drop down Canslill dic yu lod hl) Sl
' 2

to an orbit of% h, what would be
its resulting speed?



N |-

v

V2 v

66. A satellite orbits Earth at a height
of 2rearn. What is the acceleration
due to gravity on this satellite
toward Earth in terms of Earth’s
surface gravity, g ?

N S5l

v

v
4 v

lis,l ke ¥l s> 593 gclio ob

o Ul gLl o .ya, 3l b8 ns Ve

o0 5,3 ol ecliall aill s wle dslsl
€9 « vo, 3l abw Al s

1 1
8 2 9
1
> g
29
67. The gravitational force of S 3] g 16 uiliS G dnslall 893
attraction between two masses is lo « wl o gl woclas (il ¢ ddluwoll
16 newtons. If the distance Casilll Lzl 599 S lado
between the masses is
quadrupled, what is the resulting
force of attraction?
1N 2N
4N 8N
16 N
68. Which of Kepler's laws states that 5935 USIeSll ol wle yow LIS ouled oo S
planets orbit the Sun in an ellipse? CSslaw Hlno ¢ puoidl Jg=
b JodI ¢, gslall
1st law only
by il 95l
2nd law only
by Ul el
3rd law only

bid ilillg Jo Xl oeilall
1st law and 2nd law
bsd cJUillg Jodl gl
1st law and 3rd law

69. Which of the planets below would
have the same free-fall

acceleration on their surfaces?

Mass Radius
. M 2R
. 8Mm 2R
. 2Mm R

V. M R

& oluis s ) g8 olinl LSIgSIl o oS

Casdoul e )l gl
A<l bl s
. M 2R
. 8M 2R
. 2Mm R
V. M R



70.

71.

| and Il [l and Il

[l and IV Il and IV
I and 11l
According to Kepler's second law, s il dueSll o « il LIS el g
what quantity is swept out in an Sl P @ glsio duio 5 5,1 @8 leslis|
equal interval of time during a Comaidl Jg> oSS
planet’s orbit about the Sun?
Jsbll
Length
JCCN|
Volume
L]
Distance
s Lol
Area
as| 5l
Displacement
If the mass of Earth were to 08w 13109 ¢ 8159 (5,3l A caae Ly 13
double suddenly, what would be slse w8 dicliall Hlddl U8 wle judl 4
the result to the velocities of Cuodl Jg
all of the satellites in orbit around
Earth?
rell> wle o9t

They would remain unchanged
% slaoy () 9uB85
They would decrease by %
2 130y 357 Bgu
They would increase by 2
V2 lsi00 335 g

They would increase by /2

V2o
7)'-\20-.'03@&’#

They would decrease by ‘/2—5



72.

A water piston has two sides , side a which
has a square cross section of L = 0.25m,
and side b of a circular cross section of
radiusr=0.5m.

What is the mass m need to be added to
the square cross section to lift the mass M
= 1000 kg on the circular cross section

dalise Al g ciladl (oaila e (5 gy sla (uiSa
A b cailalls ¢ sia L =0.25 sk dey ya alaia
e r =0.5 ki caaiy 4 il adaie dalia
a ulall gdila) g Al m A 408 4 L
pS M = 1000 ALK 28 ) day pall dalisall 5
ol Cale 13 2 3l Aaleddl 3 b cailall e

knowing that the height h = 1m? e h=1 gla)y)
A

[ 17kg a2S8 17 j
B.

[ 80kg ~S 80 j

[ 142kg pxs 142 j

#5272 ]




An oscillator completes 20 cycles 4,3l 50 095,95 20 3igo aws Riuoy
in 50 seconds. S 90 ol s>
Determine the period of the
oscillation
0.4s 25s
20s 50 s
100 s
An oscillator completes 20 cycles 4,3l 50 095,95 20 3igo pws Riuoy
in 50 seconds. a5l ¥l as =l 35 55 s>
Determine the frequency of the
oscillation
0.4 Hz 2.5Hz
20 Hz 50 Hz
100 Hz
A 4.0-kilogram mass is attached to o3 g puly duaio Al 5691 4.0 55 dliS
a spring and lowered to ool 030 P . slgill dls Wl Jeai ol ]
equilibrium. During this process, culi asgl . i 2.0 laios & w5l Laiay
the spring stretches 2.0 meters. w5l
Determine the spring constant.
0.0125 N/m 1.25 N/m
20 N/m 40 N/m
80 N/m
Which of these factors affects the ool uo IS wle 55 @il Jolgell oo Sl
period and frequency of an € yigo &5l 35 5illg S 90l
oscillating spring? ousllan ()
|. Spring constant owsll Jobb @8 usill (1)
II. Spring stretch &5l daleall dliS)l (1)

[ll. Mass attached to the spring

I 1
11| | and Il
| and Il



Which of these factors affects the ool oo JS wle g adlill Jolgall oo Sl

period and frequency of a Tdgaud 35 5illg s, 93l
pendulum? blldsb (1)

|. Length of the string ol 553l @90 e Al asl5] Slaie  (I)

II. Displacement of the mass from bzl dsleoll @Il (1)
equilibrium

[ll. Mass attached to the string
I |

[ land Il
land Il
A pendulum oscillates with a bz Jgbo el ] T 5, g0 Jesdl as i
period of 7. If the length of the S 90 ol Slaie Wd ¢ wl o &l Jenill
string were quadrupled, what Calll
would be the resulting period?
4T 2T
8T 167
V2T
Which of the following is Hooke’s Celod 918 9d Wl o U
law?
PV =nRT E = mc?
F=ma F = —-kx
T=2n \/E
k
The diagram below shows a S i 3)1 diS)l alss obisl bl us | s g
spring-mass system in oscillation @9 g, blts W dx>g9 @)U Al ¢
and identifies three key points in 2]l lod clilly ol lesgall .48 5ol
the motion. Positions | and Ill are 590 90 wildll gogally sl s a8l
the maximum displacements, and ool el
position Il is the equilibrium —
position. =
=
f- [] I
|
I
e I
lo 1 &S )l @lill 585 (g5130) ghso s o
At which position(s) is the kinetic YA

energy greatest?

I 1
Il | and Il
| and Il



10.

The diagram below shows a
spring-mass system in oscillation
and identifies three key points in
the motion. Positions | and Ill are
the maximum displacements, and
position Il is the equilibrium

position.
- I
||

At which position(s) is the
acceleration greatest?

The diagram below shows a
spring-mass system in oscillation
and identifies three key points in
the motion. Positions | and Il are
the maximum displacements, and
position Il is the equilibrium

position.
O I
-

Which graph correctly depicts the
total energy during an oscillation?

/TN

-A 0 +4

4S5 3)| S albss ool il ) a5y
08 Gputi, bl O 3339 22,0 A o3
350l lod cllilly JodI plassall 2,2l
&290 90 ilill gagallg (sl o83l

ol sl
.-
fl-ee (] I
11—
o LSl &Ll 55, (2810) &Iso ST 3
CoSay
1l
| and Il

| and Il

4550 Sl Al obis] ol mus )l ey
o8 i, bolas & 5y9 &> 5b dls o8
o)l lod cllilly Jo¥ lessall 4,2
g290 30 willl gusgally (sl wundil
gl

Bloll o] @ous i 53000 il sy 51
¢l el




11.

12.

13.

14.

Which of the following are Cddgb wls g0 s loo S
longitudinal waves? digsall wlasall (1)
|. Sound waves coall wlsgo  (I)
[I. Light waves bz o9 i olbg (M)

[ll. Waves propagating in a string
I |

[ | and Il
| and 11l

A sound wave from a source has V ac g T Solus Haua0 o digus d390 33 )i
a frequency of £, a velocity of v, il 8,88 > il e las 3] A da g0 Jgbog
and a wavelength of A. If the Co=9all Johllg de yull
frequency were doubled, how
would the speed and wavelength
be affected?

v, A 2v, A

: vV, A V, I

2 2

Vv, 2\
When light moving in air enters a diS | lgedl 09 & minll € gl J3ay loric
block of glass, which property(ies) Y will (poilssll) sl b« 2l sl o
do NOT change? C i
d goll dc 5 (1) g=sall Jobll (0)
(A) Wave speed (B) Wavelength
>3l () z 9w Ldds (v)
(C) Frequency : (D) BothBand C
o 91 LaXs (o)
(E) Both Aand B

As an ambulance siren rapidly OlewX 8,5l 1N 6, los w5 loxic
approaches an observer, the Bl s M « 8Ll (o de

observer will perceive a

>0l de s 805 s 33,5l 5L
frequency increase due to a wave speed increase
4> g0ll de s pBlisal ey 33,5l 850 5
frequency increase due to a wave speed decrease
w90l Jobll 83l 5 e 335l 8505
frequency increase due to a wavelength increase
w90l Jolall olasil Cuns 3553l 8L 5
frequency increase due to a wavelength decrease
0> 90ll Jobll 834 5 Cama 335l palasl
frequency decrease due to a wavelength increase



15. What characteristic of a wave is Sl elsl ils il @ g0l duols wa Lo

affected during the superposition Culs gall
of waves?

doull 55 ,ill

Amplitude Frequency
dosil s 50l Jghll
Pitch Wavelength
4> g0ll de o
Wave speed

16. [—I_'_)

|

Two wave pulses travel toward S paedl laguas olaily ol 9o L Jis
each other as shown in the oo Sl.odlel Wl awsll 08 &b 90 90
diagram above. Which of the loxic wlawll WSl Jiei @bl dulll A gu ]l
following diagrams represents the C il
superposition of the pulses when

they meet?

|__|
|_I + !
|_| +

17. In a standing wave, a node is the SN ga 90l o dxiell (- 9S5 (da8l oll d> goll 8
position where a9 3> 9
ely Jslxi @y (1) a3 1y sy (L)
(A) constructive interference (B) destructive interference occurs
occurs :
Ssaill deull (2) 29l XS ()
(C) amplitude is maximum (D) both Aand C
23w ()

(E) bothBand C



18.

19.

20.

Consider the following properties
of a wave and its behavior.

(A) Amplitude

(B) Frequency

(C) Wavelength

(D) Wave speed

(E) Superposition

The brightness of light and the
volume of sound are associated

d>gall AUl pailasll J)licl o8 gs
LeSsLu

de.ll (1 )

3,5l (W)

w290l Jghll (2)

4 goll de yuu (3)

: Sl ()

4o SL wgall g c0.all ¢ s bnii )

T goll 6500

with which wave

characteristic?

Consider the following properties
of a wave and its behavior.

(A) Amplitude

(B) Frequency

(C) Wavelength

(D) Wave speed

(E) Superposition

The pitch of a musical instrument
and the color of light are
associated with which wave
characteristic?

> gall Ul yoilasll Jlicl g8 g
LeSst

deull (| )

3,5l (W)

w290l Jshll (2)

4 gall de yu (3)

: Sl ()

4.0 Sb £.9.8)1 (8)g A gall WY dogs b

T goll 5500

[

]

Which sequence correctly lists the

electromagnetic waves from
shortest wavelength to longest
wavelength?

fpaolits oSl b sall 3y sl 51
Jsbl o)l gn90 Jsb 58l o s S

Cd> g0

g ol ¢ w0l £0.8)l ¢ gl Gl o
Radio waves, visible light, X-rays
il coall ¢ dupddl dedl ¢ gl )l wls g0
Radio waves, X-rays, visible light
driged| do ¥l y>|)J| wls g0 ¢ sl e8]l
Visible light, radio waves, X-rays
)l lsgo ¢ gl gl ¢ duill deil
X-rays, visible light, radio waves
il caall ¢ gl )l s go ¢ dupd| desl
X-rays, radio waves, visible light



21. An object is 1 meter in front of a g1 Bl 50 alol 3319 yio 325 e s
plane mirror. The image is b5 9.0ll

o)l Cals o 139y wleg dyslio )
virtual, inverted, and 1 m behind the mirror
60l Alol Lio 1 30y wleg cdyglio (d i
virtual, inverted, and 1 m in front of the mirror
8l 50l alol o 1 325 wleg «dsino (dy i
virtual, upright, and 1 m in front of the mirror
8l 50l QA3 yio 1 a2y wle g (dlxino (i
real, upright, and 1 m behind the mirror
none of the above

22. Which diagram below correctly awo JSiw asgy Sl absl gl sl 33>
illustrates the path of a light ray w9 1 dbdill o Jaiiy SNl 9.8l glois Hluo
moving from point 1 in air to Celall @8 2 dbosill Wl ¢l ggll
point 2 in water?

1 !
)

lii
| 2

1 |
i
“_\ !
:
;
¢
‘ )
!
H -
!
|

23. Which of the following is true ol 5.8l U3y losic buss ¢85 @b oo Sl
when light enters a denser LS Sl by
medium?

N 39 « yoliy A ¢ 25V
vincreases, A decreases, and nincreases
N Jisg « yaiiy A« 5V
vincreases, A decreases, and 7 decreases
N Y509« 03 A« passiv
vdecreases, A increases, and nincreases

N 23509 « pA830 A ¢ pAS0V
vdecreases, A decreases, and nincreases
vdecreases, A decreases, and n decreases.



24. BN

2 \

3 "
In the diagram above, a light ray el o)l glos Sy el gl Al 8
refracts as it travels through three 3929 1 bilug &N Luc dllail
mediums: 1, 2, and 3. Rank 2ol ol S o HLuSidl wiloleo wi

the indexes of refraction from
greatest to least.

N1 >nN2>nN3 N2 > N1 > N3
N3 >nNi>nN2 N1 >nN3>nN2
N2 > N3 > N4
25. At and beyond the critical angle, 49l 5l &y 9luo s gl bogiw dygl 5 (95 lonic
all the light striking the boundary oy S| e gall 18 (Lgio LS| gl ds yall
between two substances is oidlo o Jolell asll
refracted reflected
absorbed dispersed
transmitted
26. The image formed by a pinhole | uoll) il wls 1l ikl il 6, g0l
camera is (od (dodlell

anll oo 5iSly s (dlimo
upright, real, and larger than the object
x| o LIy duasl il dio
upright, virtual, and larger than the object
x| o S|y > (dglio
inverted, real, and larger than the object
maxll o soolg s dglio
inverted, real, and smaller than the object
mixll o Leoly dusl 9l (dglio
inverted, virtual, and smaller than the object

27. The type of lens that refracts a5 ginll £ 9l doil HLuSi] s il dusell
parallel light rays to the far focal (od 5, 84l dois |
point is a

deos0 b 280 dwde
converging, concave lens
deoso >0 dwdC
converging, convex lens
b y280 43 ;00 duwdC
diverging, concave lens



dd>0 49 580 duwde
diverging, convex lens

5,81 ol 451 gioll deadl 49 S Clusell Runx s
All spherical lenses refract parallel rays to the far focus

28. An image appearing on a screen wd dalall Wle el will 5,90
is
dieng dui> dgliog duii>
real and upright real and inverted
dxigog dusl 3l dgliog dusl il
virtual and upright : virtual and inverted
35 oo Ul
none of these
29. An image formed by a convex ‘od @30 8l 50 oo digSall 5590l
mirror is
dlieng dae>
real and upright
dgling dpi>
real and inverted
dyiog dusl il
virtual and upright
dgling dual il

virtual and inverted

Lol o g 9ill 150 alszinl 8,900 0S5 3
No image is formed by this mirror

30.
{
- 1
2f ! J
In the diagram above of a concave )l gy (65280 81 y0) o)el il Al 8
mirror, an object is initially located iy lodic 8,98l ugiiw &S .2 dic Liswo
at 2f. How will the image change Cf 5,84l dais olsily ¢l

as the object moves toward the
focal point 77

b0l oo a2y 5 9.0l A 15
The image will increase in size and move away from the mirror
bl soll g5 axiig a2l 088,500l 2 i
The image will increase in size and move toward the mirror
ball we seiig 890l ax> i
The image will decrease in size and move away from the mirror
bl sall g2 a2y a2l 998, 9.0l iz,
The image will decrease in size and move toward the mirror
60l oo ey ol aily Gyl 6,900l an by
The image size remains constant but moves away from the mirror



31. The bending of light around Gloall Jg> cg.all clisil o
obstacles is called

OSSN oS
refraction reflection
YV Jx sl
diffraction interference
b
polarization
32. If linear wave fronts are incident doid d 3 wle 4oz ds g0 Wlodiio Ciedg [3]
on a barrier that has a very small doisll P o oai wbsgall B8 s b s
opening, the waves moving e 9
through the opening will
become polarized
tasl g dladi sie o) la

converge on a single point
s 4> g0 WlosiaS & )il @9 el
continue moving as linear wave fronts
dy5il> 4590 Wlosio JSii
form circular wave fronts
lolai ja2ul Loy wabig Al JSiy J= s

destructively interfere and cancel each other completely

33. The shadow region associated LS| G103 i el Sl dloio ()9S
with diffraction is more 09sSy losic 5984
pronounced when

o= gall Johll o I8l gl o ¢

a slit is narrower than the wavelength

w2 all Johall Sl 3l yo 5c

a slit is equal to the wavelength

o= 0ll Johll go iy Sl gl yo e

a slit is slightly larger than the wavelength
g0l Jsbll o @l 50 e LSI all s ,0
a slit is many times larger than the wavelength
Sl yb e wle Jbll dalnio doigi X
The shadow region does not depend on the width of the slit

34. Young’s double-slit experiment oo b zossall Gall wls &y &m0 uoxd
provided evidence that light 9.l ol
refracts reflects
transmits acts like a particle

s gall Jio 9,00 acts like a wave



35. Light incident on two slits is used bhai o9 s wle b8ldl ¢ gl alasil Al

to project an interference pattern o Bluall 8505 Seu dalall wle 31
onto a screen. The distance wle wlas o) will deblull Sgnill 595l
between the bright maximums 5 |adoy el

observed on the screen can be
increased by

vosdl lgdes po §gtill wu i
moving the slits closer together
vodl leds oo ey Gotall oy
moving the slits farther apart
Suol gall ol Jes
making the slit openings narrower
gugl Gl wlsid Je
making the slit openings wider
e 0.8l o0 bai B3
increasing the intensity of the light source

Light with wavelength A is incident o e by o> 90ll Joboll 65 ¢ 9.8l
on two narrow slits spaced d s gy . yio d Bluny iinclio (uinsd
meters apart. An interference oo Lliol 32y wle g dali oo Jx il
pattern is visible on a screen sio X ¢@ dulill dellaall dngll ol Lo g) . 898l
located L meters from the slits. il a2 gy .58 el dipaall dingll o
The second dark fringe is I @i JS o Nioall £ g8l doil Lo ol
observed to be x meters from the € luall 3,8 Hlaio bo .dulill dallaoll @8l

prominent central maximum. The
diagram above shows the path of
light rays extending from each slit
to the second dark fringe. What it
the path difference?

1.5x 1.5A
2.5x 25\
2.5d
37. ¥
A polarizing filter is positioned as W9 2bg0 90 oS Ll Xl Riy0 B9 Al
shown in the diagram above. € s9.8ll Wl g0 0del wiludl Al
Unpolarized light waves are AS .a8LS ol Lilall yue i dubaiioll

293 25 13 Lilall DS o £08ll 59,50 i



38.

39.

passing through the filter with a2y ¥ laiw X enall Joo wllagindl i so
maximum intensity. How will the Zoy 930l ol duill @iyl
light passing through the filter

be affected if the polarizing filter is

rotated about the x -axis while the

filter remains in the y

-z plane?

Loy Jelai Bguw il ie o will =900l duS (A)
(A) The amount of light passing through the filter will gradually diminish.

il DS o 9.8 Sl ey o) e 5> 90 gl 5y Lilall e, losic (B)
(B) When the filter has rotated 90°, no light will pass through the filter.

A po Ll il gl @S wle b Sl d GsS) o @il e (C)
(C) Rotating the filter will have no effect on the amount of light passing through it.
el olil W Glogiw Al olsil i (D)
(D) The direction of polarization will change to match the orientation of the filter.
oo B 9 A lddS (E)
(E) Both A and B are correct

A prism disperses different colors IS ¥ c0.all oo daliso Gloll | ginll cuicy
of light because as each color of w9 Wiz [ gioll jue & mi cgall o 9l
light moves through the prism,

each color has a different

do.ll @Sl
amplitude energy
w90l Jobll ol 415
wavelength critical angle
Y|
oscillation
Light striking the surface of an )l & oy SYI 0l 5Ss ol Ses
object can be
reflected scattered
polarized absorbed
lo 3> J| Sao Isd JS

All of these are possible to some degree



1. ﬁ
A

A metal washer is a flat, circular dy,il> duaeo dalnd e §,lie duseall dlusll
piece of metal with a hole through W9 290 9 laS ¢ lgloug w3 Lt gy dolouuo
its center, as pictured 0D (S il 98w 13lo .ol o8 6, g0l
above. What will be the effect of Callusll

heating this washer?

b8l wle ol sl wali cus usi Sl sy
No change occurs as the effects on the diameters cancel.

B bl [lsio g A Sldll labo (A830w

Diameter A will decrease, and diameter B will decrease
B bl [lsio sls509 A sl lsio jp830mw

Diameter A will decrease, and diameter B will increase
B bl [lsio iy A sl lado s> 5um

Diameter A will increase, and diameter B will decrease
B bl [lsio sls509 A Sbsll lsio sl 5

Diameter A will increase, and diameter B will increase

2. Which physical property affects Jaeo wle g will duly )l jailosll o o
the rate of heat transfer? 6,1l Jlil
wosJl 301l Joleo ducgill 3,1 52l
Coefficient of linear expansion Specific heat
slegoidl 8] > sl 851>
Heat of fusion Heat of vaporization
4|l dlogall

Thermal conductivity



How is the average kinetic energy

of gas particles affected by
changing the temperature of the
gas from 50°C to 100°C?

sl ol 48 o)l @lll bugio iy Q&S
ol dygio @3 50 oo 5lE 5,155 &5 Husi
Cdygio d>,5 100

Aol o] @S sl @lall bowgio olsi| Aiy
The average kinetic energy is cut in half.
Lt as 5ol @lall o gio o
The average kinetic energy remains constant.
V2 oo B3l a8 )l @l bugio
The average kinetic energy increases by less than v/2
V2 lssios 48 )l @lall bsgio 350
The average kinetic energy increases by 2
.48 =)l @l b gio dec Lo Ay
The average kinetic energy is doubled.

A gas with pressure P, volume V
and temperature 7is trapped
inside a cylinder with a movable
piston. If the temperature of a
trapped gas is tripled while the
volume of the gas doubles, what
will be the new pressure?

ip
3
2P

A container is filled with a liquid and
is sealed. The container is then
suspended in a chamber so that it
does not contact any surfaces. Air is
pumped completely out of the
chamber, creating a vacuum around
the container and its contents. The
temperature of the liquid inside the
container is observed to rise. What
method of heat transfer is
responsible for increasing the
thermal energy of the liquid?

Juogil (1)
(A) Conduction
glesdl (z)
(C) Radiation

Tl 509V aaally P sl d sle
I5] . ymiio uuSay dil glawul U315 Jg 520
W ol slall 651 ds )y ciaclas
ba.all g3 9 «lall aas el laiw wl 0
VSN |

3P
6P

s sy iy A S0 9 Jiluw Be glao dygl>
S| guods ¥z 8520 o8 4l Gl

oo 6,550l 2,5 JolSIL lag)l 3> i
b gl lgibginog i)l o= €13 ol (S33,
b b dglol Jals Bl 5,15 s £l )|
8L oo dgduall 5,150l Jus 4,k

il | =)l sl

S, desdl (0)
(B) Convection
29! leddS (5)
(D) Both Aand C

29w lddS (d)
(E) BothBand C



The specific heat of a liquid is [ Jg> 3000 o Jilud) duc gill 5,1 55l

3,000 joules/kilogram ¢ kelvin. dygloll 5,1 a1 S .8 @ Al e glS
How much heat is required to T4 5udaas a3 5> 20 Lill 13 0 a5 5.0 g9,
raise 5.0 kilograms of this liquid

20°C?

300 J 500 J
12,000 J 300,000 J
4,395,000 J

A substance has a specific heat of [ o= 400 gl dicgi 6,1 > L bo dslo
400 joules/kilogram ¢ kelvin, a d@iolS lgail 5,1 39 (8IS @ ol > lS
latent heat of fusion of 2.5 x10° 334 0,515 al 5> 6lS US) Jgs 2.5x10°
joules per kilogram, and a latent 0o -al 2ol U Jg=> 10x10° gl dwlS
heat of vaporization of 10 x 10° al 5018 2.0 L9 &lw ddo dise @3] >
joules per kilogram. In order to oo Jo> 5.0x10° ddls| wisy «bslall 038 40
melt a 2.0-kilogram solid sample Bl
of this substance, 5.0 x 10° joules 03 wod loxic 8,1 a)l ds > w8 il s>
of heat must be added. Determine 25698 2.0 lisg &lu will disell

the change in temperature as this
2.0-kilogram sample melts.

0K 3125K
625 K 1,250 K
2,500 K
When two systems are in thermal &0 S, osle dls o9 ololas 98 losic
equilibrium with each other w2l lagsey

dsisinll 5,1,a)l ds s g5 alail ol el 5,10l ds s 95 Alail oo 5,1l Gasw (1)
(A) heat flows from the system of higher temperature to the one of lower
: temperature
6,1l ds s el Albdll o] dsssuoll 551 o)l ds s 95 alaill o (8955 5,1 )l e (Say (W)
(B) heat can be made to flow from the system of lower temperature to the
one of higher temperature
w91 XS (2)
(C) both A and B
Slo S5 383 Sl sy A ()
(D) no net heat flow occurs
3o e <35 oo bl (D)
(E) None of these is correct.



9. Agasis sealed in a container that Al ol wb di9ls o8 AN S0 5

has fixed walls. The container is a5 83l ol 8384 oo dygladl s Al
heated causing the temperature to G 003l 8,be Sl el Useos 85,131
increase at a constant rate. Which Cdowso

statement below is NOT true?

€

b dseos slall Wl s> de su bwgio sls 50 (1)
(A) The average speed of the gas particles increases at a constant rate.
eyl oy slell Wl sa) &S o)l @lall b gio 31> 55 (©)
(B) The average kinetic energy of the gas particles increases at a constant
rate.
b oy 51l wliys2) 4,00l @lll sl i (2)
(C) The heat energy of the gas particles increases at a constant rate.
bl Useas lall bes sl s (5)
(D) The pressure of the gas increases at a constant rate.
douss ol kel IS ()

(E) All of these are correct.

10. Several materials along with their 6,530 S| >l duogill 2o slgall o saall

thermal conductivities are listed Cdsinll Jse) axsiai o wsg dslo Sl .ol
below. Which material should be

used to insulate a home?

dilw ,3Jl Concrete, A=0.800 W/m « K
disl> 5l Ml gill Glass windows, A= 0.750 W/m « K
ol Fat, A= 0.210 W/m « K
Ju_Jl Feathers, A=0.040 W/m « K
clggll Air, £=0.026 W/m « K

11. In anisothermal process Jlo 54 g 50 ddac 98

oo b5l )l ds )y
the temperature is zero
520 Sl a2l e
the volume change is zero
sS40 Joall Jell
the work is zero
Hauo dlaoll 5,1 5l
the heat added is zero
oo od ddsy)l @)l e
the internal energy change is zero

12. In an adiabatic process, there is s ¥ il ddoc 8
no
basll g3 5
change in pressure
2l 09 Hug

change in volume
6,55l ds 55 w3 e



change in temperature
dul=[n)l a8lall o8 s
change in internal energy

Ll 5] 57 aSlaall 5,1 =]l
heat added or removed

13. The first law of thermodynamics is bl 08 93 @l ol Saolinal) Jo 3, gslal
essentially a statement of Sl

Lug il 6,1 =l Jlasl
entropy heat transfer
&l g dy,l 5ol aslall
conservation of energy thermal energy
dzs sl @)l
internal energy
14. During a thermodynamic process, Jo= 500 dl 5| ~iv | > @Suolus dioc £l
500 joules of heat are removed Jo= 300 @lsl ai laiw sledl o 85155l o
from a gas while 300 joules Sla)l 8 Husill Slsio bo .l wWle Jeidl (0
of work are done on the gas. dl= sl
Determine the change in internal
energy
-800 J -200 J
800 J 200 J
0J
15. During an adiabatic process, the slall adslall @lall sl 55« alus] ddac <Ll
internal energy of the gas rdsgsus bl ol lell Sl .Jg 1600 )lssa

increases by 1,600 joules. Which
statement is correct?

8,51l ds )y sl a9 lall wle 1600 J Jais Jaw

1,600 J of work are done on the gas, and the temperature increases

6, el ds s slssig lall dawl gy 52 Jeidl 0 1600 J
1,600 J of work are done by the gas, and the temperature increases
8,1l ds )y yaesiig ¢ slell wWle 1600 J Jei Ja A
1,600 J of work are done on the gas, and the temperature decreases
5,1l ds )y jaesiig el dowl gy 53 Jeidl 0 1600 J

1,600 J of work are done by the gas, and the temperature decreases

Sola)l ds s sl el e Jos Sl dae ab A
No work is done on the gas, and the temperature increases.



16.

17.

18.

19.

20.

During an isometric process, 450 joules 5,0 ,5)l o Jgm 450 dl 5] A « Jlo g sl ddoc el

of heat are removed from a trapped gas. risumns 09Si AUl @l lell Sl sss g seall L)l o
Which
statement is true?
S50 5l s
The volume of the gas is increasing
vl slall a>s

The volume of the gas is decreasing
)lﬂ” 0)|)> fi>_)> )l))'J
The temperature of the gas is increasing
The temperature of the gas is decreasing

Jo> 450 = Jaall
Work =450 J
A heat engine operates between 25°C d>,> 100 g dygio 45,5 25 L S, & aall Josy
and 100°C. The theoretical efficiency is s b 4 baill el .4y 900
most nearly
10% 20%
50% 70%
80%
A heat engine absorbs 160 J of heat and J 120 z309 8,150 o J 160 S, sl & sl jaiey
exhausts 120 J to a cold reservoir. What is Sl nall 133 el 9 o 5,b ¢l Wl
the efficiency of this engine?
25% 40%
50% 75%
80%
The entropy of isolated systems g ;00| dolas ¥l Lyg il
|3.Q.D g_.SgLuJ J>|3
is zero is one
ool b by
decreases remains constant
LB
increases
Which of these is a consequence of the Sy, ,nll Kaolusl) il o gilal) s 030 o0 Sl

second law of thermodynamics?

lsls &g s00ll dabidl Lyg yiil sls 5
The entropy of isolated systems always increases
SL,UE e s ldl o 851l 385 weubll ol
The natural direction of heat flow is from hot to cold
Gloll 100 dpuiy Al o580 ol S, s SY (S X
No heat engine can ever be 100 percent efficient
Josil albill 2,15 o @b 4,1 o)l dsuanll wllbs
A heat pump requires energy from outside the system to operate
All of these



Adding extra electrons to a dsleio 5,5 | d8lsl wlg S| @bl e i
previously neutral atom results in

M jusiC w90 o9l

a new element a positive ion
o ol w90 by
a negative ion a positive isotope
Gl b
a negative isotope

Two identical conducting spheres are Qs Josi Sl 8,81 . ikaio ¢lig e Mo go
initially separated. The left sphere has a 2 + dinuy Jooi wiad] 8,81 loiy p9lgS 3- 1B)1xi0
-3-coulomb charge and the right sphere vl lesey puali ol 49,8l bW zawy .a9)eS
has a +2-coulomb charge. The spheres ole diszll £9i9 5laio bo . lehod Al A5 ¢5_8 B yid)
are allowed to touch each other briefly, S sl 85I

and then they are separated. Determine
the charge on the left sphere
--C +ic
+1C -1C
0C

An electron is located between 9 WS (g g9 w9 S > )
two charged plates, as shown in wllell Slsas odlel wilwl aw )l 08 2590
the diagram above. Which oo e 08 @il

statement below is not true?

ol g5 @l i gl il seSll Sl
The electric field of the plates is directed to the right
ikl g bl giox o8 S0l yuss 4 g sl) il Sl Jlnoll
The electric field of the plates has the same magnitude at all points between
the plates
coddl 955 9 S e 8 5 aall dul oSl Bl ol
The electric force on the electron is to the right
alasll Sxa| Wl duay wis Bl ¢ 9,803 €5l 98
The acceleration of the electron will be constant until it impacts one of the
: plates
I3l o abiio @il 54 Jlao 229

A uniform electric field exists between the plates



A proton and an electron are @9 oSl o 09 84y ¢gig sl bl Aiy

released from rest in the same ol w8l . abisall @l eIl Jlsall uss
uniform electric field. Assume the logusses &0 9,580l g 9594l Jelais ¥
proton and electron do not interact el g0 4,80l (9595l &5l o0l
with one another. The 9 (9 S

acceleration of the proton,
compared with that of the electron,
is

o3l g S ladall Cus o il uts
the same in both magnitude and in direction
ol o9 puSleog lasall s
the same in magnitude and opposite in direction
053 o puSleog lssall 8 S
greater in magnitude and opposite in direction
ol Jutig Il @8 J3l
less in magnitude and the same in direction
ol 98 puSleog laiall @8 Sl
less in magnitude and opposite in direction

Two particles with charges Q and Jogi &S .olLdln 2Q ¢ Q wlisiy olosus
2Q repel one another. How does &, Q dinidl S5 asunll wle 4l S bgall
the electric force acting C2Qéainidly Al e 6 5580ll 593ll
on the particle with charge Q

compare with the force acting on

the particle with charge 2Q?

2Q dinil e 55350l 898)11/4 d Q disidl e 6 5550l 543l
The force on charge Q is 1/4th of the force acting on charge 2Q
2Q dinall wle b 5580l 598)11/2 Sl Q diszll e b 5580l 5 gall
The force on charge Q is 1/2 of the force on charge 2Q
2Q dinil e 55580l 598l Luti @& Q disil wle b555all 548l
The force on charge Q is the same as the force on charge 2Q
2Q dinill e b 5580l 898l o i yas S| Q 5 sall ball
The force on charge Q is twice as large as the force on charge 2Q
2Q dinill e 85380l 898l o @l o ga5U LSI Q disll wle b 540l Ball
The force on charge Q is four times larger than the force on charge 2Q.

An object has a charge of 3.0 2.0 dliSg agleS 3.0 b ,lat0 dinis d) pu>
coulombs and a mass of 2.0 A g S w568l sl laio a9l Al 529l
kilograms. Determine the )l 30 oo g VY |50y 549

magnitude of the electric field that
would create 12 newtons of force
on this object.

0.25 N/C 0.50 N/C
2.0N/C 4.0N/C
8.0N/C



10.

The electric field of a charged wle E lxio d &gzl 5,81 o e8Il Jlswll

sphere has a magnitude of £ at a Sl ¢,y S 8,8 5S 50 o 1 ddluo
distance, r, from the center of the S0 oo =1 1o dbsi sic gy gS)l Jlswll
sphere. How does the magnitude 2 S5

of the electric field at a point that
is % r from the center of the sphere

compare?
1e 1e
2 4
E 2E
4E
q +2q
@ @
A B C D E

In the diagram above, two point 9=q « cuibis iz i A« odel golul sl g8
charges, —q and +2q, are held wbeSll Jall (850 G il g9g0ll 33> +2q
stationary. Determine the Do
approximate location where the electric
field is zero
A B
C D
E
In the diagram below, two negative 1 ¢ il s Juod i ¢ obisl giludl sl 09
charges, 1 coulomb and 2 coulombs, il ., liol 3 @luwey @lsdl 08 ¢ 29JoS 2 9 a9)6S
are initially separated by a distance of 3 k=9 x 10° 98 Sl 9 S
meters. The electrostatic constant is A= N e+m2/C2
9 x 109 N m2 /(:2 ic (9 .: 2c

oS 1 dinis wle 5580l il ,eSl 898l g0 3> gl
Determine the electric force acting on
the 1 coulomb charge

0.33 x 10°N 1x10°N
2x10°N 6x10°N
18 x 10°N
In the diagram below, two ot i Juod A ¢ obn] oldl aus )l (5
negative charges, 1 coulomb and liol 3 d@luuos dylsidl @8 29JeS 2 9 ag)eS 1.
2 coulombs, are initially separated 9 ¢Sl g ST il
by a distance of 3 meters. The k=9 x 10°N *m?/C?
electrostatic constant is A= 9 x
10° N « m? /C? e
Sl sl wd elyg ol 2w Pl

€oluilly Bl wlgio yoguasy §5be

The charges are released and Culiaall 03g) dowmus de g

begin to move. Which statement
regarding the force, acceleration,



and velocity vectors is true for
these charges?

e yull Jiig g 5Ll 3509 Bgall s> 50
Force increases, acceleration increases, and velocity decreases

QC)M.I.” )lJJJB ‘&)L.u.ﬂl

3509 Doall sl 55

Force increases, acceleration increases, and velocity increases

dc yull Jsig &Ll

Jiyg bgall Jss

Force decreases, acceleration decreases, and velocity decreases

Force decreases, acceleration decreases, and velocity increases

eyl Jiig gLl

309 3l Jo

Force decreases, acceleration increases, and velocity decreases.

11. Two charged plates have a charge dgnio « a9)eS 3.0 dini lag) (ligmuino ool
of 3.0 coulombs, are separated by 99 12 26> 5,9 leJg « aw 10 Blusoy
a distance of 10 centimeters, ool o wu Sl Jsall S lsio 3> 9
and have a potential difference of
12 volts.
Determine the magnitude of the
electric field between the plates
0.4 V/im 1.2 V/m
3.6 Vim 40 V/Im
120 V/im
12. Two charged plates have a charge dgnio « a9)eS 3.0 dini lag) ¢ ligmuino ool
of 3.0 coulombs, are separated by 99 12 3¢ G598 ledg « aw 10 @luay
a distance of 10 centimeters, oo olll daw laio a> gl
and have a potential difference of
12 volts.
Determine the capacitance of the
charged plates
0.25F 0.50F
18 F 25 F
36 F
13. Two charged plates have a charge dgnio « ag)eS 3.0 dini lag) ¢ ligmino o> gl

of 3.0 coulombs, are separated by
a distance of 10 centimeters,

and have a potential difference of
12 volts.

Determine the energy stored by
the charged plates

2J
12 J
36 J

5812 362 359 ely s 10 Ly
o> olll 8 @izl Blall lsso 3>l

6J
18 J



14,

15,

16.

12V
IAY
-12V
The electric potential for a region @9 slaall w3 dibninl il e8Il 22l gl
in space is shown in the diagram Caspmuall 5Ll g b .oMel wll )l
above. Which statement is
correct?

+x 055l @8 s 90 wilbeSIl Jsall
The electric field is directed in the +x direction.
-x okl (03 490 ¢ilieSll Jlmll
The electric field is directed in the -x direction.
+ )01l 08 Wl seSl Jlnall a6 A
The electric field is directed in the +y direction.
-y ol253l 58 4290 il eS)l Jlall
The electric field is directed in the -y direction.
Ml o8 Al ams e wlabsill a )l

The diagram is incorrect. Potential is never negative.

A 1.5-coulomb charge with a mass dls o9 435 0.50 LS agdoS 1.5 din
of 0.50 kilograms is initially at rest. w9 5o 2.0 & ni b Ay Lo ()9S
It is released and travels 2.0 o JSJ g9 3.0 abriio il 168 Jloo
meters in a uniform 3.0 volt per 030 ¢l dimzll e Jguell Jaidl lsso b
meter electric field. ¢as ,all

How much work is done on the
charge during this motion?

2.25J 45J
9J 12 J
18 J

A 1.5-coulomb charge with a mass dl> o9 435 0.50 LgiliS agJoS 1.5 din
of 0.50 kilograms is initially at rest. w8 o 2.0 &m0 b Ay Lo 98w
It is released and travels 2.0 o JSJ g8 3.0 alviio (il 1S Jbwo
meters in a uniform 3.0 volt per sl 5] giai lodic disill de yuu lndo bo
meter electric field. 20m

What is the speed of the charge
after traveling 2.0 meters?

3.0m/s 6.0 m/s

4 /3 m/s 6 V2 m/s
12 m/s



17.

18.

19.

20.

+q

—q

Four charges of equal magnitudes
are arranged in a square, as
shown in the diagram above.
Which answer is true at point P,
which is located at the exact
center of the square?

E+x0and V<0
E+x0and V>0

~y

(&0 99 i 30 & gluio o wib wlisu 2l
Dlel Wl sl 8 2sg0 93 oS

5S 50 @9 428l oll P dasill aic dsusus 4ls] S
Shuall g all

E+x0and V=0
E=0and V=0

E=0and V>0

A conducting sphere with a mass
of 2.0 kilograms and a charge of
1.0 coulomb is initially at rest.
Determine its speed after being
accelerated through a 16-volt
potential difference.

2.0m/s
16 m/s

A capacitor is fully charged, and
the power supply is disconnected,
isolating the capacitor completely.
The plates are pulled apart. This
results in the

[&J.ﬁo%ﬁgngg@SZ.O@ﬁﬁL@yéﬁ
lgic s 3291 Lo 95w d> 98 29JsS 1.0
g 16 0,58 3¢> §)loy gy i 32,

4.0 m/s
24 m/s

32 m/s

5300 Juod aisg JolSI Ggmuine Sl 6,
Sleul a1y . boles C&iSall Jse ol S34 loo (@8l
s e @i .ol glll

2 G983 59 dell B30y
capacitance increasing and the potential increasing
3¢l §9 oBling dall BL;
capacitance increasing and the potential decreasing
31550 3630l G99 o8l dell
capacitance decreasing and the potential increasing
3621 §,8 yo8ling deall yoSL
capacitance decreasing and the potential decreasing

3¢l 3,8 ol dall 08wt 3300
no change to either the capacitance or the potential

A capacitor is connected to a battery
with potential V, and is fully charged.
The distance

between the plates of the capacitor is
doubled. As a result, the energy stored
by the

capacitor is

Jollll gm0 939 « V 3g> wld &y, lbw Juaio iSo
@ Luuall

ol 8 . o) Ay aelon ol lgl L
ol gy @ 550

90 8iSo

4ol Lgind 00.25



21,

22,

0.25 of its original value
dl o)l Lind 00.5
0.5 of its original value
Yo lgins yuis
the same as its original value
Ul Lgind o oiiser LS
2 times greater than its original value
ol Lgind go LSl wlio 4
4 times greater than its original value

refer to the following diagram.

Ri=2Q Ri=2Q
A'AA" M\
Ri=4Q Ri=4Q
| 4V | 4V

| |
What current will flow through the

4 Q) resistor when the switch is

closed?
0.5A 1.0A
20A 4.0A

16.0 A

refer to the following diagram.
R=2Q R=2Q
A" W

Ri=40 Ri=40Q
—AW—" — —A—" —
4V 4V

What is the total equivalent
resistance of the circuit when the
switch is closed?

40
o)
2

w
(@)

il ol )l e Tely

0585 bosie 4 agliall U5 @i 3l Ll Lo

Claleo 2 Lizoll

o bl )l e el

5% bosie 8,710 @8lSall doglioll lxio Lo

Cllko & Liaoll



23.

24,

25.

refer to the following diagram.
R=2Q

M

Ri=40Q

—AW—" —

4V

What is the total power dissipated
in the circuit when the switch is
closed?

1TW
10W

refer to the following circuit
diagram.

What current will flow through the
4 Q) resistor?

0.5A
20A

refer to the following circuit
diagram.

What is the voltage drop around
the 4 Q resistor?

2V
6V

i bl )l e el

R=2Q

M

R:=40Q .—
{IJV

095y Lonic b5l (o3 Bxaiiwall 558l 5o Lo

Claleo 2 Linoll

4 W
12 W

il 5,05l b wle Tely

R=2Q

T4 agliall Pl $8xiaw SI Ll o

1.0A
3.0A

il 505l b wle Tely

4 agliall U5 g3l 8 Lalisi¥l S lsio Lo

4V
8V



26.

27.

28.

refer to the following circuit il 5 515l babaswe wle Teli
diagram. Ri=20

a2 D wsdgiall a1 @lall Lo Lo

How much heat is generated in C4 Aqliall 98
the 4 Q resistor in 2 seconds?
8J 10 J
16 J 20J
32J
refer to the following circuit AUl 5 5181 alase e Tely
diagram. R-20
JS) 4 4 glaa)l I 530wl 8,580 lnio bo
How much power is dissipated in Caul
the 4 Q) resistor each second?
8W 10 W
16 W 20 W
32 W
refer to the following circuit il 5 515l bbbz wle Tel
diagram. Ri=2Q
a9l 2 agliall D3 23l w8 Loz o o
What is the voltage drop across TR1 sl
the 2 Q resistor labeled R1?
2V 4V
6V 8V

10V



29. The circuits shown below are
connected to power sources that

provide the

1

v

same electric potential

{3

‘/ \

2Q

20% 2Q
2Q
2Q
2Q
2Q

Which of the circuits will dissipate
the most power?

30. The circuits

il @)l sLaos dlsio o] dsussall Lilgal

=

11

V oilbgSll agall puii 95

1=

1T

v

Sl o, ST 335 g Lilgall o Sl

They will each dissipate the same amount of power

shown below are

connected to power sources that
provide the same electric potential

\Y

111

v

1

<

11

I
\Y

ol @)l sLoos decio obs dsssall ileal

V il sgall puti 945

il

v

2Q



31.

32.

33.

Which of the circuits will have the e Vgl pui g osSaw yilonl o Sl
same voltage, V, across each one Cleiloglio oo baslg JS
of its resistors?

1 | and I
Il and IV
A wire carries a current out of the o Sl sl 2ols Ll i el )
page. Which diagram below Jeall Clo s JSiy Ay obisl il
correctly describes the Clld) suudsligall

magnetic field of the wire?

%

B0 ) 2290 3
None of these

A wire carries a current, |. At a Jeall Slséo o @l wle .1 5l Josy el
distance of r, the magnitude of the w9 Sl o JS Laelai 13| LB guwblisoll
magnetic field is B. If both the Jall Slséo o8 ¢ ALl o @lually Ll
current in the wire and the tdoley o2y guaudsligall
distance from the wire are

doubled, the magnitude of the

magnetic field changed by a factor

of

1 1

4 2

1 2

4

Which of the following fields 8C yu s 4iSey ¥ Ul Alwll o S
CANNOT change the speed of the Cdbwo JS oo alde il Ay SNl awsll
object that is acted upon by dolaiioll dudaJl Jlso |
each field? dolaiiall 4l ,eSI Al I
[. Uniform gravity fields dalsiioll duudsligall sl 1

[I. Uniform electric fields
[ll. Uniform magnetic fields

| only Il only
[l only | and Il
Il and 11l



34.

35.

36.

Negative charge g moving with
speed vin the +x -direction enters
a uniform +z magnetic field, B, as
shown in the diagram below.

+y
':L—p X

What is the direction of the force
of magnetism acting on the charge
at the instant it first enters the
magnetic field?

+X
Y

Negative charge g moving with
speed vin the +x -direction enters
a uniform +z magnetic field, B, as
shown in the diagram below.

+y
':AL—' tx

How is the magnitude of the force
of magnetism acting on the charge
affected by doubling the

magnetic field?

W9V dc s & i il q dll disll

w9 B lalaiio Luwblico Ao 35 +x ol
Wbl sl 98 290 98 WS ¢ 2 ol
.o

fy
':(L—Q Fx
.

dinall wle 8 5580l dublisall 543ll olil bo
ubligoll Jloll g8 35 il diaslll 9
T 0 Jo2

ty
+z

@9V aC s i il g ddldl disll
w9 B lalaiio Luwblice Ao J3x +x ol
gl a3 2B 90 98 WS ¢ +Z o0l

.ol

fy
‘:(L—' tx
.

ol Josi il duwblisall 558l lago il &S
€ oabolisall Jlsall daclany disl

dlodl Lind 0.5
0.5 its original value
o)l lgind yuis
the same as its original value
4ol Lgind oo LSl le V2
V2 times larger than its original value
Wl giod o wiiser LS
2 times larger than its original value

ol lginsd o wl 50 &UL )-'SI
4 times larger than its original value

Negative charge g moving with
speed vin the +x -direction enters
a uniform +z magnetic field, B, as
shown in the diagram below.

W9V dc s & o will q dll disll

w9 B loliio Luwblico Ao 35 +x 0l
Wbl sl 08 290 98 WS ¢ 2 ol
sl

,,,,,,



How is the acceleration of the
charge affected by doubling its
initial velocity?
% its original value
ol lgind yuss
the same as its original value
Lol Lgind oo LSl Wl V2
V2 times larger than its original value
ol lgins wo oises LS
2 times larger than its original value

ol lgins8 o Wl 50 &UL )-'SI
4 times larger than its original value

37. xlxxxxB
X X

X

X

x X X X X

In the diagram above, a loop of dlogo B3lo o0 dil> g9 Al el I 8
conducting material is placed into w9 Ll ey . akiie o3 wuwbliss Jlso w8
a uniform external magnetic Jall 689 daall ue delull o) le olsil
field. A current runs clockwise —Z ol 0 (b ligall
through the loop, and the wd @l wle b 558all il 9
magnetic field is in the —z -

direction.

The force on the loop is

dgla)l poulis wle Jasyg dalsll 5S 50 olxily
toward the center of the loop and acts to shrink the loop
dil>Jl grug oo Josig dal>Jl S 50 (e s
away from the center of the loop and acts to expand the loop

+Zz ol 8

in the +z-direction
—Zolsil 8

in the —z -direction
Sl ol g8

in the direction of the current

38. 2A >

1A »

Two parallel wires carry currents AN Gt 08 Wl Glslgio Bl Joxy
in the same direction, as shown in ALl el wolul puw )l 08 2890 98 oS
the diagram above. One wire 54 you 5339« uwol 2 565 4 yew Jod
carries a 2-ampere current, and




the other carries a 1-ampere ALl e Jooi il dubslignll g3l . ol 1
current. The force of magnetism s TA
acting on the 1 A wire is

DLl Lasiig 2A el e 55350l 598l Cani

half of the force acting on the 2 A wire and the wires attract
A 8l g 2A ALl e 5 5580l 5g8ll Cani

half of the force acting on the 2 A wire and the wires repel
A Wasiig 2A elldl wle 55550l 598l Lo

twice the force acting on the 2 A wire and the wires attract
WA 0l g 2A bl wle b 5550)l 598)l Lo

twice the force acting on the 2 A wire and the wires repel
DLl Gasiig 2A Ll wle 55 80ll 598l s

the same as the force acting on the 2A wire and the wires attract

39. A rectangular loop of wire is Jbo olsil & ymim elludl o dudniuwe dals
moving toward and enters a 90 WS (@il de juw al3xig iyl guudolico
uniform magnetic field at constant @9 dalsl gt obsl wolull awJl 08 2890
velocity, as shown in the diagram w8 dlgdl Al 1 pes g0
below. The loop is shown in two bz 9 dilgll dllly dlall bglasll
positions: initial conditions in .delniio
solid lines and final conditions in X X X X p
dashed lines. v ® K Eix

X X X X g & T ok owix
L X x xix S X x % X
& ™ I>< x. WK :_X- g "
-+ B RE o9 90l & 5l amall e bl o
' Cpboubosill

Which statement is NOT correct
for the motion shown in the
diagram?

ol nblisall g9l o, 6Ss «ledaSk &S o)l <Ll
During the entire motion, the magnetic flux is constant
Jlsall dals)l gd U3 il dasll 08 el b lisall §85il Tsy
Magnetic flux begins to change at the instant the loop enters the field
emf 563 clss| dal oo @il w8 Husi o] dsls Jla
A change in flux is needed in order to induce an emf
dilon Juogi dil> w8 emf 598 Glas] wsu i slasl dal oo
In order to create a current, an emf must be induced in a closed loop of
material conducting

£ 3o bl 06 il Ll
%The resulting current in the loop is



40. A rectangular loop of wire is

moving toward and enters a
uniform magnetic field at constant
velocity, as shown in the diagram
below. The loop is shown in two
positions: initial conditions in

solid lines and final conditions in
dashed lines.

— X X X

During the interval where a current
is induced, its magnitude is

BLv

R

BLY
BLvR

Jbo ol o Ll o didnio gl
9 oS (b dc uw alzvig el guublico
o9 dalsl el ol golwl sl @8 zs 90
w9 Aol dls)l 1 pes g0

bz o8 dulgill dlsllg dilall boghsll

0l 555 L5 2ol L s il 5l 9o
J Loluo

BLY

R
(BLY9)?

R




An alpha particle is the nucleus of L. 8,55 8lg5 90 Wl A
which atom?

14 s Sl 029,
Carbon-14 Hydrogen
aogll assl 84l
Helium Uranium
po5 i oll
Plutonium
The Rutherford gold foil dddl G650 5,598,555 diymi el
experiment demonstrated 999, Sol> 2deai
l. the plum pudding model a¢ 58 dslwo el @8 g wl A L
II. atoms are mostly empty space digeo Blb W gie wlig Sl Jiss L1

[ll. electrons occupy specific
energy levels

1] | and Il
[Iand Il
In the Bohr model of the atom, BoM 590 23905 98
l. electrons occupy energy levels 8330 WhieSy @lb Whgiwe wlig S Jis
with exact quantities of energy - Blbll o
ll. the photoelectric effect is JUSTW-Y RN Bg¥il i/ - W2y VIR |
described e a8l Wbl wlesly yolwiol g4 iy .l
[ll. the absorption and emission of
light spectra are predicted
I Il
1] | and Il
[Iand Il
Use the energy level diagram for dslall wl A d8lall S gie blasw il
the atoms of a substance to Jladl wle 4l
answer the next two questions. L
b e ol ppe_——————
2eV —— n=3 “5ev -
10V —— n=1
iR Olesl dic @i SN 9 8 Jisl 9o b

Cu=90 Jsbl d g9



Which electron transition will
result in the emission of a photon
with the longest wavelength?

n=4ton=3 n=4ton=2
n=4ton=1 n=3ton=2
n=3ton=1
Use the energy level diagram for 8slall Wl )y @lall S giuo balazio il
the atoms of a substance to Jlaudl wle @l
answer the next two questions. L e .
- 081 iy loie ldl oisll 35 50 Lo
What would be the frequency of a n = dusl dbJl Wl n =4 sl dis)l 0
photon created when an electron €2

moves from quantum state n=4
to quantum state n= 27

h h
5 4
2 4
h h
5
h
The photoelectric effect provided ol wle T2 s wigws g eIl ulill as8
experimental evidence that light cg.4ll
490 duols d 4> 9l 2 9o
has a wave characteristic is a transverse wave
3y ol oSey pldg ely JSiy 2o ol Sey
can diffract can constructively and destructively
interfere

diops duols d
has a particle characteristic

In a photoelectric experiment, the £ 9l 55 55 830y 5 ply Aaigud9 ¢S i @9
frequency of light is steadily Camwo e obsdl §,le &l o JSiy
increased. Which statement

below is NOT correct?

b, Sl s Y el 355 99
Below the threshold frequency, no electrons are emitted
@b g S Cumuii cduinll 35 55§49
Above the threshold frequency, electrons are emitted
Giggioll Wb g STl @b 855 ol gl 55 55 85b 5 S>4



Increasing the frequency of light increases the energy of the emitted
electrons
459,09 568l A3l 08 3l 5,8 83l Wl e guall 3553 B3l Sa
Increasing the frequency of light increases the potential difference of the
photocell
Ciwoll Ll 8565 ol e guall 55 35 65l 5 S
Increasing the frequency of light increases the induced current.

In a photoelectric experiment, the Sy £ 9.l B 31555 Auigu g 56 Ay 520 0
intensity of light is steadily Camall od obsl 5,be Sl .5 o
increased. Which statement

below is correct?

Azl 3> 39 005 ol esall b3 8L x5 cduiall 5355 §99
Above the threshold frequency, increasing the intensity of light increases the
potential difference of the photocell.
iguell @lig SN a5l @l 8305 ol € gl B3 8505 S5 (il 5555 i
Below the threshold frequency, increasing the intensity of light increases the
kinetic energy of the emitted electrons.
iguall @lig SN &S, @l 83b 5 «Jl < guall 8o 8L a8 cduiall 5555 G99
Above the threshold frequency, increasing the intensity of light increases the
kinetic energy of the emitted electrons.
ol 5Ll 85b 5 @ e guall Bai B30 5 Sd8 cduindl 3> 5 s
Below the threshold frequency, increasing the intensity of light increases the
induced current.
ol Ll 85b 5 o e guall b B3l 5 S50 cduindl 35 55§99
Above the threshold frequency, increasing the intensity of light increases the
induced current.

The graph below depicts the Sl &S 5l @l obsl wilwl sl 29
maximum kinetic energy of dalog) 55 ,ill dllsS digginll @ lig <IN
emitted electrons as a function of 45989 56S

frequency for a photoelectric

process. &) /
K"“,' 0}
(eV) / fo £(Hz)
0

e C a0 g, ANl Jwo Jios I3lo
What does the slope of the
graphed function represent?
Speed of light, ¢ Electron volt, eV
h bl V cou Sl agall
Planck’s constant, A Electric potential, V
A w90l Jgloll

Wavelength, A



10. The graph below depicts the
maximum kinetic energy of
emitted electrons as a function of
frequency for a photoelectric
process.

S(Hz)

Determine the work function, , for
this metal.

h

fo
V2 hfo

11. Which answer correctly ranks the
fundamental particles in order
from most massive to least
massive?

Sgcill @S 5l @)l bl goludl as )l sy
diloe) 55,1l @158 iowall @iy I

Aigb9 565

B /
0

o £(Hz)

S osall lsg) Jaal dls lsio bo

hfo
fo

2o S Gl Olowl G dls] Sl
TS J5Al ol 83 o il

iy pm> =l pps <9 80| <6390 <e9570

Neutron > proton > electron > alpha particle = beta particle
098] <0958 <ogig s <l am <l pu

Alpha particle > beta particle > proton > neutron > electron
by s> <9558 <w9 <ugign <Wl pp _

Alpha particle > proton > neutron > electron > beta particle

by s> = 095580 <90 <09 aw <Wl s
Alpha particle > neutron > proton > electron = beta particle

by s> <l s> <09 8| <pgi90 <0sis .
Neutron > proton > electron > alpha particle > beta particle

12. An alpha particle is ejected from
the nucleus of an atom. Which of
the following answers describes
the change in the nucleus of the
atom?

o S| 5,31 blg o all an 213 A
5,3l 8lgr b el Gy Al LY

.90 oS ISl 8,)1 g 1 lsses S, 3l 35
The atomic number increases by 1, and the mass number remains unchanged.

4 lrsoy oISl sxell Jisg ¢ 1 5800 S, sl 550

The atomic number increases by 1, and the mass number decreases by 4.
2 Slsiny oISl sxell sl5 509 1 5 lados SN sxall 5y 50

The atomic number increases by 1, and the mass number increases by 2.
4 lssos oLiSIl sxell 515509 2 lnsios SN sl &y 5

The atomic number increases by 2, and the mass number increases by 4.
4 lrsoy oJiSJl sxel Jg..g 2 5 lsi0y S, sxell yoiy

The atomic number decreases by 2, and the mass number decreases by 4.



13. A nucleus undergoes a Sl Jelall quoi ol oo Jesill ledll guasi

14.

15.

16.

transmutation from 23;Po to s gaisa) s Sl
become %3:At The nuclear
reaction that has occurred to

accomplish this is

b glezl alpha decay liw elesl beta decay
bls gleul gamma decay Hlbasdl fission
zclx¥l fusion
EE—

The product of a nuclear reaction Wl s o o) ow Segill Jelaill @b oy
passes between two charged 99 dusgall 48 o)l Wbl uisiw Gl o
plates. Which of the following Codlel wildl Al
entities would experience the
motion shown in the diagram
above?

liw ~xa>  Beta particle ~ w98l Electron

g9 » Proton ‘ Wl sa>  Alpha particle
bls deul Gamma ray

A radioactive sample with a half- s ALl 3 &y oy e deiue duc Judsi A
life of 3 days is analyzed after 15 oo £33S diiall deiall slgall duoS logs 15
days. The amount of remaining l,di 9@ dudol diell

radioactive material as a fraction
of the original sample is most

nearly
1 1
32 16
1 1
8 4
1
2
A radioactive sample with a half- 4 gly Bai Hee ol deie due ol Blas]
|1Ife 9f4 days |s.d|scover<.ad to have S il deill Lgislo o - e S5 AUl
5 of its radioactive material Do el lgd s e il ALY sxe
remaining. How many days has Cocleul

the sample been experiencing
radioactive decay?

4 days 6 days
8 days 12 days
16 days



17.

18.

19.

20.

21,

Which of the following is an 2380 il i gd Wil o U
isotope of 238U

415 44T

2233;?(] ZggTh
Which statement regarding the w3 Sgilly daleinll g douss uell 5,Lell wa b
forces in the nucleus is NOT € 6l gl

correct?

bgigdl ol wligig dl wasi saail 6esll
‘The strong force attracts protons to protons.
S3 3 wligyigully wligigdl o JS) Wligyigull Wass taunidl bgsll
The strong force attracts neutrons to both protons and other neutrons.
sl ,eS)l B8l o So8l Bl 598l )9S5 B jundll WBluall o9
At short distances, the strong force is stronger than the electric force.
Sl g yeSl 898l g Bl 8gall o JS Wl Ay Blaill I wlig igull @ls)|
Adding neutrons to a nucleus adds to both the strong force and the electrostatic force.
B0 i 8loill ausi (Jiodl Glaidl 2,15 Wligigdl ol wlig gl duws gii losic
When the ratio of neutrons to protons falls outside of an optimal range, the nucleus
becomes unstable.

How many neutrons are liberated Jeladl P by o0 a1 will wlig yigull sae &S
during the following nuclear Sl Sgqill
reaction? 235

a0 A
a2 U + én — 3gSr+ 1’5‘;’ Xes+ ? (é n) + Energy

235 50 g
ax U + én — 3 Sr+ 1;; Xe+? (é n) + Energy

1 2
3 4
5
Categorize the following nuclear 'l Soill Jelaill o
reaction: 1H+ $H — 3He + Energy.
%H 4 %1—1 _ _%I—Ie+ Energv.
bl gleal alpha decay lw glesl beta decay
bls gleul gamma decay Hlbasdl fission
zclx¥l fusion
A spaceship leaving Earth at a 0.95¢ édc yuu 00,3 5ole elad dig
speed of 0.95cflashes a laser il .y, 3 Wl Bile 54 glew aog:
beam back at Earth. An observer ool gl de yun A 42,3 wle (8l
on Earth will register this laser ' Soluii Ll
beam as having what speed?
0.05¢ 0.5¢
0.95¢ c

1.05¢



22.

23.

24.

A spacecraft with a speed of 0.99¢
passes by a stationary observer. The
stationary observer

makes observations regarding the
speed of a clock on the spacecraft, the
length of the

spacecraft, and the mass of the
spacecraft. Which set of observations
correctly indicates how

the motion of the spacecraft has altered
these values?

delull de ju o guasy wlbas Mo Josy wulill L3l all
s ol 4 all s @alosl 45 ol ole
iy o5 llasMall o 30m0 8| glsil 48 ol
Cantll 03g) duilaall 48 yall &S > e 4 Wl asws

CLOCK dclull  LENGTH Jghll  MASS dgll
(A) Slower Wbl Shorter .08l  Decreased (o8l

(B) Slower Shorter Increased sl s
(C) Same ¢ oS wis  Shorter Decreased

(D) Faster ¢ L Shorter ~ Increased

(E) Faster Longer Jgbl  Decreased

A spaceship traveling at 0.8c passes
parallel to Earth. A rod of length L is
inside the spaceship. According to an
astronaut inside the spaceship, what is
the length of the rod?

0.2L
L
1.8L

A spacecraft is moving to the right with
a speed of 0.85cas shown in the
diagram above. The

spacecraft is carrying a cube-shaped
box as viewed from inside the
spacecraft. Which of the

following represents the appearance of
the box as seen by a stationary
observer watching the

spacecraft pass by?

7

g0 5131l 585 0.8C 40 s s 44 45 o
89 Lol @ J3s L dlob G smg .0, 3
Sl Jsb g o eelaall dugu Jls £lad o)

0.8L
1.2L

v=10.85¢

90 WS 0.85¢ dc yuu paodl Wl & 2 dulad 48 50
dlall 48 5all dosi odel gl pu,)l 08 s 90
aSall J315 oo 5 oS s i wle Bgin
ol LS 93ia)l sehao iy s loo 1 Ll
Talall 48,0l 5,0 L8ly b L8l e

—



ﬂ Exam JotS ol zones ]

The motion of an object is
depicted in the following speed-
time graph.

307

Speed | i
(mfs) 90 4 S

| i | i | | {

0 T T

0 1 ) 3 4 5 6 7 8
Time (s)

Determine the magnitude of

acceleration during interval 5,

from 2 seconds to 4 seconds.

0 m/s?
15 m/s?

The motion of an object is
depicted in the following speed-
time graph.

304 S e R RN RN
Speed 1 sl \ |
(m/s)  5g __,_,__%__,___L_,,,g.‘ : D }
10+ —pe-
0* T
0 1 3 4 5 6 7 8

Time (s)

During which interval(s) is the
object moving at a constant
velocity?

Aonly
Conly

The motion of an object is
depicted in the following speed-
time graph.

o oo B iill I £, Ll lsio 3l
olgi 4 ol

10 m/s?
20 m/s?
40 m/s?

" byl el

Speed
(m/s) 54

Time (s)

s 1 1mvio awdl oS il duio )l )l s3>

@il de yuu

Bonly
Both Aand £
Both Band D
KNIV REVIPRPOREV RO IPUEN [ STV WEVIN
o)l g de yudl)
.
04T F A K T |
30 - £ g e e 208 D
i ‘ | ‘ i E ! 4 | E
0 : : ; ; ; : - Time (s)

0 1 2 3 e 5 6 7 8
Time (s)

During which interval did the
object travel the farthest?

T30 3| @luso)l ann)l ghod 6,39 ST 98



A B
C D

E
4. An object is accelerating. Which of CSoo e s loo I . Ly awsl
the following is NOT possible?
Al sl de s 9S0 58

The speed of the object may be constant.

b dgmiall sl 4y 10 S0 38

The magnitude of the object’s velocity may be constant.

s il il B s 55 9

The velocity of the object may be constant.

093 puin]l (9 29

The object may be turning.

b as)l oo 85580l 88l lado

The magnitude of the force acting on the object is constant.

5. The motion of an object is WU goldl as Sl 98 aws a5 > 9.0 Ay
depicted in the following position-

B 4 s 510 o8l (ol 8) 858 s o
During which interval(s) is the Causl
magnitude of the object’s velocity
decreasing?

A B
E Aand E
None of these
6. The motion of an object is WU goldl a Sl (@8 as a5 > 0.0 Ay
depicted in the following position-

time graph.

"t ’ Qa1 9ol awndl cllioy (Wl ,38) 5,38 S o8
During which interval does the
object have the greatest speed?

A
C

QW



An object initially at rest uniformly 630l alaiio JSiw &Ly diladl @8 Sl awsll

accelerates for ¢seconds and ale 5ig Gilbio aws X Bluo & ;2isg dul t
moves distance x. An identical ot DB J ol sl wle 55580l 698l Lo
object that has twice the force ... @luo &) ymi 1 8ol

applied to it during the same time,
t, will move a distance

1y X
2
V2 (x) 2x
4x
vi =30 mis
—.-?—:&\
A ball is thrown horizontally at 30 oo bl 8 150 30 dc uw Gadl 5,5 o, Aly
meters per second from the top of 90 S « 130 20 leela | gly duaio el
a 20-meter-tall platform, as shown Liedod il @8] dlusall 3> 9l .0de| @b 90
above. Determine the horizontal B8
distance traveled by the ball.
10 m 20 m
40 m 50 m
60 m
A g\"\l A B
The diagram above depicts a bl o ilbl @38 el bl )l 2B
projectile launched from point A Gty 09| 5990 dy9l 5V dc juy A
with a speed vat an angle of 6 Slaill Giso « B dbaill aic 5,3 L gdiall
above the horizontal. The A doiill o d> )l 8y wlos] x J wilgdll
projectile hits the ground at point e Igddall de yuw s3> .4l t g B doiill J|
B, achieving a final range of x. . dbiill
The total time of flight from point A
to point Bis tseconds. Determine
the speed of the projectile at point
B.
zero v
1y vcos 6
2

vsin @



10.

11.

12.

10 kg
2 3
30 kg
Two masses, 10 kilograms and 30 dosxe Jlsy dileo « 238 30 9 a8 10« LS
kilograms, are suspended by Al 08 @B 90 98 WS ¢ il o dlSl
massless ropes from the ceiling, 3 dindl @8 asdl sl odlel gl
as shown in the diagram above.
Determine the tension in rope 3.
100 N 150 N
200 N 300 N
400 N
y
m ----[}.-
As shown in the figure above, i)l G A ¢ ol JSidl 99 2s90 98 WS
mass m s pulled along a rough Joig « F 598l s 8l albow Jgb wle m
horizontal surface by force F 0sSi dsslil a8 5all gl o dwlio digl 5
, acting at an angle measured Al dc juy
from the surface. The resulting Como Wl wl Ll S

motion is constant velocity.
Which statement below is true?

N« dg0all 558l Sgluw « W szl 59
The weight, W, of the object is equal to the normal force, NV.
N deubll il (o Sl sl )59
The weight, W/, of the object is less than the normal force, V.
.F dajdnall 598)l Soluii i 548
The force of friction, 7, is equal to the applied force, F.
F . dadaall 598l o S8 ¢ T o SNl 598
The force of friction, 7, is less than the applied force, F.
F . didoall 5gall o Sl f o i 548
The force of friction, 7, is greater than the applied force, F.

F
_). "y s

A force, F= 12 newtons, pushes 3="1a. il gy« g F =125
two masses, m 1 = 3 kilograms aic g Job wle (@l « sxS 1 =24 9438
and m 2 = 1 kilogram, horizontally Aol olel JSall o8 a2 go 9 kS ¢ JKi Y]
along a frictionless surface, as Y, dsl gl

shown in the diagram above.



13.

14.

15.

Determine the acceleration of
mass m2

1 m/s?
3 m/s?

2 m/s?
4 m/s?

12 m/s?

-

Masses m and 3m are connected
by a string, which is draped over a
pulley, as shown in the diagram
above. The masses are released
from rest. Determine the
magnitude of acceleration of mass
m

N Qs |Q

At t= 0 seconds, a force, F1=10
newtons, acting in the +x-direction is
applied to a 5-

kilogram mass that is initially at rest. At ¢
= 2 seconds, a new force is added to
the first force. The new force, F> =10
newtons, acts in the -x -direction.
Determine the

acceleration of the object at £=5
seconds while both forces continue to
be applied.

zero
2 m/s?

A 50-kilogram person stands on a scale
in an elevator that is accelerating
upward at 1 meter per second squared.
What is the apparent weight of the
person?

zero
450 N

m

Im

29

6,51 §98 Wgalo bysy pliksio a3 9 4 LI
a9 odlel wldl s ll 08 2ssg0 93 oS
Slsio 32l g8l dls o a8 ,aJl S

~ sl e 5l

(leb

Josi «yige F1= 10 (599 duabi Aty (duli t = 0 2ic

9 0955 will disll o Al e glS -5 wle x + olidl 5

oJ) Baas 598 LOlas (duli t = 2 xie Lo oS ds
09 (oigw F2 = 10 sl 698l Josi .ol g3l 598l
loiw olg5 t = 5 sic aucdl £ 5Luii a0 33> . x- ol
' Jogdl @8 gt i

1 m/s?
4 m/s?

5 m/s?

32.00 99 ol 30 wle bl glS 50 459 o iy
98 lo a0l 4ulll @3 33l yio Jseos wled ¢ lun
?ﬁ“ﬁ”uoi&.”c,_jg

50N
500 N

550 N



16.

17.

18.

~Z

A mass remains at rest on an 9 WS yaio wle S Al w8 Al s
incline, as shown above. Which ) sl hbaso 60 b .odlel gogo
free-body diagram is Canoll
correct?

An object in uniform circular 20 0,108 s dolrise 4,0l 4 > @9 A
motion with a radius of 20 meters )l de 33> 5550 0.10 03y i o

has a frequency of 0.10 hertz.
Determine the speed of the object.

T m/s 2mm/s
41 mls 8 mml/s
16 T m/s
What is the maximum speed les b o] Seu will Sguaill de il & Lo
possible that a car can turn on a Joleog ,liol 5 0,108 Cauni b wle § 5l
road with a radius of 5 meters T35l 95 0.5 JKis|

and a coefficient of friction of 0.5
without slipping?

1m/s 5m/s
10 m/s 25 m/s
30 m/s



19.

20.

21,

The object in the diagram above is
in uniform circular motion. Which
vectors show the tangential
velocity and centripetal
acceleration for the object at the
instant diagrammed?

/S
N\ A

4, 4S5 8 el Wil Al 98 sl
uslanl 8l el il gl o obsio

wabsill sl 08 awsll 4 53 sall el g
S bl

/S
\e A

\e A

A roller coaster needs to complete
a vertical loop that has a radius of
14.4 meters. What must the
coaster’'s minimum speed be at
the top of the loop?

5m/s
10 m/s

In the figure below a 10-newton
force, F, is applied at a 37° angle
with respect to the horizontal to a
mass, m. The mass is pulled
horizontally to the right at constant
velocity along a rough surface.
Force Fand its components are
shown in the diagram.

F=10N
6N

8N

Determine the work required to
move the mass a distance of 5.0-
meters horizontally.

zero
40 J

Cni dgac dils JaS| o] dulgeddl zliss
ey i3l 3l 3 lo | yio 144 lo b
Sl o cSslell 2 5ol o

7 m/s
12 m/s

14 m/s

5980 igw 10 B l5io 599 « olisl JSidl 3
Al a4 oo @i duuidly & 5> 37 4y 5
wle @l de yuw cpodl o] Ladl Al o
lolisSos F dgall y2,e ab s gl Jgb
wdaubsill aw )l @8

F=10N .
A o
m

BN

5.0 @l dliSl &by o) wgllaall Joill 9;_3?
Ladl o

30 J
50 J

100 J



22,

23.

24,

In the figure below a 10-newton
force, F, is applied at a 37° angle
with respect to the horizontal to a
mass, m. The mass is pulled
horizontally to the right at constant
velocity along a rough surface.
Force Fand its components are
shown in the diagram.

F=10N
6N

8N

Determine the net work done on
the object during the 5.0 meter
motion.

zero
40 J

Two identical conducting spheres
are initially separated. The left
sphere has a negative 4-coulomb
charge, and the right sphere has a
positive 8-coulomb charge. The
spheres are allowed to touch each
other briefly, and then they are
separated. Determine the charge
on the left sphere.

-4C
0C

A proton and an electron are
released from rest in the same
uniform electric field. Assume

the proton and electron do not
interact with one another. How do
the force and acceleration of the
electron compare with that of the
proton?

5980 igw 10 B l5io 599 « olisl JSiadl 3

st .p A4S oo a8 duully & 5> 37 Gy 5
ole @l de u cpadl W Gl diS)l s

llisSey F b9all yo e ab i o Jsb
oozl sl o8

F=10N ;
A o
m

EN

&S > £l Gglloall WS Jall lao 33l
Ll o 5.0 @luo Sl

30 J
50 J

dylnia)| dlo o)l WAl o il ol Ay
4 Gl dinin L) Sl 55 Al o8

8 90 s os ol 5,51 iy )
lotss puali ol g Sl sl M Rouw asleS
Al 33> . lglod A &3 8509 B0 a0l
Sl 8 Sl e

-2C
+2C

09 uoSudl o 09 SIA g 959 5l Go| Al
w8l . abaiiiall @il Sl Il i
logi2s &0 (98035 (gig il Jelay 3

go w983l g5l 868 ool AS . paedll
Cogigdl bg8

Magnitude of Force &gl )50 Direction of Force sgill slsilAccelerationg Ll

(A) Less il Same 4. Less Jil

(B) Less Opposite yuSleo Less

(C) Same Same Greater [l
ame pposite ess

(D) S O i L

(E) Same Opposite Greater



25.

26.

27.

+24
4

+if

4

In the diagram above, two point
charges, +2gand +g, are held
stationary. Determine the
approximate location where the
electric field is zero.

A
C

Two charged plates have a
potential difference, V, as shown
in the diagram above. An
electron with mass m and charge
eis initially at the negative plate.
The electron is accelerated
through the potential difference
and reaches a speed of v. The
potential difference between the
plates is doubled to 2V/. An
electron accelerated through this
potential difference will have a
speed of

\'

V2 v

N

Two charged plates, each having
a charge of 0.30 coulombs are
separated by a distance of 10
centimeters. The plates have a
potential difference of 6.0 volts.
Determine the magnitude of the
electric field between the plates.

0.050 V/Im
1.8 V/Im

® s
C D E

ool s Gl Ay ‘o)ls:i\_;uLp_Jlfm)JI\_;\é
0sS Cu> gwill Qsall 3> . +g 9+2g
1580 @il el il

T ®

98 WS < V36> 3,9 lagl plgmino o)
mduJJﬁug)JS” 0>{£|WM|M)J|\5\9@0_9.0
&Lty Ll 2ol sie Giso 1S, € dinsg
A€ o ol doyg 32l 3,8 Dls o g S
2V o)l abgll g 3gnll 5 diclio ais v
el §58 s oo &)Lwo“ 09S¢ gSau

dc yu A%

4

2v
4y

3068 0.30 dinis @ logio S « 95 olos)
32§59 .l yiosiiw 10 @luo login Juos)
s 6.0 0 219 o

ol s wu Sl el lsio 3>l

0.60 V/m
20 V/m
60 V/m



28. Two charged plates, each having

29.

30.

a charge of 0.30 coulombs are
separated by a distance of 10
centimeters. The plates have a
potential difference of 6.0 volts.
What is the capacitance of the
charged plates?

0.050 F
1.8 F

How does adding resistors in

series affect total resistance, total
current leaving the power source,
and the total power consumed by

the circuit?

29l9S 0.30 diniy df logio IS « g0 o 1>9)

22l 59 .0l v 10 @luo logiy Juoiy
)59 6.0 55 2l
sl ded dslgSll deadl isio 33l

0.60 F
20 F

wle Wlaill wle wlogliall @ls] 535 S
o300 e @l Ll wlles] sl doglaoll
Coilal o3 aSlgiwall & 5080l @las|g (d@slall

Resistance 4l dogliall Currentysil ¢Sl ,Lill Power Consumeds il

(A) Decreases Jis Decreases Decreases
(B) Decreases Increasessls 5 Decreases
(C) Decreases Increases Increases
(D) Increases Decreases Decreases
(E) Increases Decreases Increases

In the following diagram, the
switch in the circuit below is
initially open as shown.

R=2Q R:=2Q

A—AVN

Ri=4Q

MW\

I ; 4V
I I
What is the current flowing in the
circuit initially, when the switch is
open?

0.5A
20A

b ilall 8 2litall @8 Ay Uil oladl pns Ml 8

090 90 oS Lino ol

Ri=2Q R:=2Q

AA A e VAVAY,
4V

losie sl 8 8,513l 08 gdniall Ll g Lo

915 oo lall 5.

1.0A
40A



31.

32.

33.

In the following diagram, the
switch in the circuit below is
initially open as shown.

R=20 R:=2Q
AN—VY
Ri=4Q
AAAY

I[-’JV

I I
What is the total equivalent

resistance of the circuit when the
switch is closed?

1/2 Q)
4/3 Q

In the following diagram, the
switch in the circuit below is
initially open as shown.

R=2Q R:=2Q
AMN—WN
Ri=4Q
AAAY

|I4V

I I
The resistors in the circuit above
are actually lightbulbs. When the
switch is closed, how is the
brightness of lightbulb 1 (~/1)
affected?

b ilall 8 2linall @8 Ay Uil oladl Ml 58

290 98 oS Giso ol
R=20 R=20
AAVA e VAVAY,
av

2liall ) losie 8lSall dogliall lxio Lo
Slalso

3/4 Q
20
4 Q

6l o8 Zligall 28 Aty (Ul bl aus )l 03
2090 90 WS Liawo ol

Ri=2Q R:=2Q
AM—AMY
Ry=4Q
AN—"
I'4V

I |
aulao @ilall 0 wa ol 5,15l g elogliall
€9buw il S (zlisall ] sic .dul 1S
S(R1) 1 zlusdll

Soill ol g shoill paizsy
The brightness is halved.

& obudl Laclai
The brightness doubles.

Sl wl e g5l gl
The brightness is four times greater.
lowsl dulai g ool
The brightness is eight times greater.
.90 oS g shudl Jby

The brightness remains the same.

The circuits shown below all
contain the same three identical

resistors, each with resistance R,

and the same identical battery
with potential V.

ot e olis] dausgall ilga)l gues Sgini
nglinll Lyio JSJs . dalbinll @ colosliol
V 3¢l go diylaiall 4, lall yutsg « R



34.

211

Y

G
_ N

Which of the circuits will dissipate o5l o 538 LSl 33 ga Lilgal o S
the most power?
| only lnaé Il only
[l only IV only

They will each dissipate the same amount of power

The circuits shown below all ot e ol @ gall ilgnl s Sgini
contain the same three identical do9laall Lgio JSJg ¢ diylnioll &Nl wloglioll
resistors, each with resistance R, V33l go dlliall 4yl yutig « R

and the same identical battery
with potential V.

11

B AANANA
-
=g AN

Which of the circuits will have the e Vgl pui g o sSaw ilonl o Sl
same voltage, V/, across each one Cleiloglio oo basly JS
of its resistors?



35.

36.

37.

| only Il only

[l only | and Il only
[l and IV only
S -
As shown in the diagram above, s el golul aw sl 8 G590 90 oS
an electron with a charge of ity 29JeS 1.6 x 10719 disuiy (9,58l
1.6 x 107" coulombs is moving AX 00 @ dulill @8 [5i01.0 % 105 4C
1.0 x 10° meters per second in the 130y labiio Guudoligo Jlso 9,803l Js
+x -direction. The electron enters olsilg Hlsdo bo .+ Zz ol w8 g0 i 2.0
a 2.0-tesla uniform magnetic field will daslll 8 9 SISl e 85530l 8l
that is oriented in the +z -direction. C b ligall Jaall g8 J3n

What are the magnitude and
direction of the force that acts on
the electron at the instant it enters
the magnetic field?

0.8 x 107 N, +y -direction 0.8 x 104 N, -y -direction
3.2 x 104 N, +x-direction 3.2 x 10 N, +y -direction
3.2 x 10'* N, -y -direction
A loop of wire and a bar magnet ol oi gunbliso Lusdy Dl o dil>
are moving relative to one wlabsall @3 4 1> Sl el lagsed duaully
another. Which motion in the CaslsJl @8 1505 i o) obsl A goll

diagrams shown below will NOT
induce a current in the loop?

j@;__,

A mass mis attached to a spring wilgill dls o dal 509 yauly dhaio m dlill
and displaced from equilibrium. sic as Ul @8 Aol layg Al ,m5 A
The mass is released, and the B30 tan> dliSy bl il Aty F 55l
system begins to oscillate at lssall jusiy S 31650 lgisls] aig 2m
frequency £ The mass is replaced il aaadl s il ¢ eSuw

with a new mass of 2mand is
again displaced by the same



amount. The new frequency of
oscillation will be

V2 ¢ f
2
V2 f 2f
4f
38. Which graph correctly depicts the a0l d8llall s JSiw gy @il au, S
potential energy, U, of a spring- deuall o ol elisl &)l dis Al U
mass system during an € +A Ssnill dawllg -AJ Luall

oscillation between a minimum
amplitude of -4 and a maximum
amplitude of +A ?

39. When light enters a denser 518 (LS yiS] by ol £l J3y lonic
medium, its:

speed decreases and its wavelength decreases

w90l Leob 35509 de il (2930

speed decreases and its wavelength increases

B by g sall Lok () e s 2055

speed decreases but its wavelength remains constant

o) g0l Jshall iy de juall sl 55

speed increases and its wavelength decreases

w90l ldgb 51539 de sl 31> 55

speed increases and its wavelength increases

40. During one complete cycle, a oo dagall & ni dolS Baxlg 5,95 s
wave moves through DN

2 o 05593 003558 1 ¢ 990 Jgb 172
1/2 wavelength, 1 period, and 2 amplitudes
Olow 4 9 83319 S99 o 5,8 « w90 Jsb 172
1/2 wavelength, 1 period, and 4 amplitudes
Olew2 9« 593 0p5 5,8 1 ¢ 90 Jsb 1



41.

42.

1 wavelength, 1 period, and 2 amplitudes
Olew 4 908,95 0058,8 1 ¢ w90 Jsb 1
1 wavelength, 1 period, and 4 amplitudes
Olow 2 9 ¢ S,95 o 5,8 1/2 ¢ dsgo Jlghl 2
2 wavelengths, 1/2 period, and 2 amplitudes

A sound source is moving away Sl e ey & aiy el o0
from an observer. As compared 53 5ig wedll > gall Jobll g0 d5,8all
with the actual wavelength and Cwls gall sy Bl el (Sas &S (il gall

frequency of the waves, how
would the observer describe the
waves?

3l 55559 5ol dus g0 Jlsbl agan)
They have shorter wavelengths and a lower frequency.
el 33559 08l 4> 90 Jlglol agu]
They have shorter wavelengths and a higher frequency.
3351l yutig a8l 490 Jlgbl agos)
They have shorter wavelengths and the same frequency.
.J8l 35539 Jgbl 4 g0 Jlgbl agus)
They have longer wavelengths and a lower frequency.
odel 35539 Jobl 490 Jlgbl agus)

They have longer wavelengths and a higher frequency.

air

glass

In the diagram above, light moving 09 & ymiall £ 9.8l sy el woldl a )l o

in air enters a piece of glass at an 0o 0 lewld digl 50 25l o dobsd Wl <lggll
angle of 6 as measured from a Sl .zl alow wle Sdle aguw 50 Sdeac s
normal drawn perpendicular to the Cebsl W9 coall Sl asy £lai

surface of the glass. Which ray
shows the path of the light in the
glass?

(SR

A
C



43. The image viewed by a pinhole rod il wld ol b las will 9.0l
camera is:

upright, smaller than the object, and real

SO>S 9 ‘P..u>.J| P )45| (Axigo
upright, larger than the object, and real

9 g il o L2l (glio

inverted, smaller than the object, and real

w8l 5i8lg sl o 2ol (gl
inverted, smaller than the object, and virtual

wii> 9 el o LS| glio

inverted, larger than the object, and real

44. T |

-

2r F .'l
An object initially at a distance of dladl 98 2 Bluo e gi) awx i Al
2fis moved away from the focal 90 WS ¢ B ,0i0 bl 0l « f o 6,34l daii oo ey
point, f, of a concave mirror, as il @S odlel whaussill aw )l 08 2o 90
shown in the diagram above. How Cb 9.0l

is the image affected?

Ball oo ey o pa aisly Bl 6,50l a2 Jby
The image size remains constant but moves away from the mirror.
Bl e seing b 9.0l A sl 5
The image increases in size and moves away from the mirror.
Sl 9= & g b 590l ans sl 5
The image increases in size and moves toward the mirror.
Bl all pe s2ing 85900l A o8l
The image decreases in size and moves away from the mirror.
B0l g2 29 8, 9.0l a2 o8l
The image decreases in size and moves toward the mirror.

45. Monochromatic light passes s o I3 oo ol Sslal gl o
through two narrow slits and is 29530 J31i boai GgSe dalas wle as ,e aig
projected onto a screen creating a Caso gl loo Sl . gl

double-slit interference pattern.
Which of the following is true?

A g0 duols el ol wle Jus 93 293300l gl 95 Jslsill baos
The double-slit interference pattern is evidence that light has a wave
characteristic.
o290l Jobll S gl wJodl dissall dingll ol ,Lunll §9
The path difference to the first maximum is equal to the wavelength.
9o 0l J3 il boos bews | il G deolal] @luoll 850 5 S5 8w
Increasing the separation between the two slits will compress the observed
interference pattern.



il e 4 g 00l dipsnll gl 8L Wl s gall Jobll 8505 Sy 4
Increasing the wavelength will cause the maximums displayed on the
screen to spread out.

o G b SS
All of the above are true.

46. The bending of light caused by the Ac juw @9 il e axlll ¢ guall clizil oy
change in the light wave’s speed s o Uowg J3y Cus dgall ds g0l
as it enters a new optical medium dygl 54
at an angle is called
S5LSH refraction el reflection
>l diffraction Jzlxi  interference
wlhiiudl  polarization
47.
Why does a prism disperse white olal o8 Lol el | ginll sy 13l
light into the colors of the il anill @3 zs 90l boill 98 bl
spectrum in the pattern shown Codlel

48.

in the diagram above?

Sl dygl sy giny Wby LSl d8lb wle gl < 5.l Sginy
Violet light has more energy and therefore bends at a larger angle.
oSS LSl Gy loo ST sl < g8l ¢ Lus
The amplitude of violet light is greater, causing greater refraction.
Al Clise HLuSil Siago d <Al w90 Jobs JS
Each wavelength of light has a slightly different index of refraction.
Sl 55 iniyg e8] Bluso son Xl £ g.8)l gloiy
The red light travels a shorter distance and bends less.
bW cdgll o i 5all an)g Jobl @8l wouwutid] = o8]l glnd)

The violet light travels a longer distance and has more time to bend.

refer to the heating and cooling Ul s gall s puill g didnill isio wJl €93,
curve shown below. A

Temperature

Temperature

Heat added
Heat added ; ;
3 dulaoll (§leiy lawd d>pmaall 6Ll b
Which statement is true regarding 993 oall Sl o el W-LZJ)| |

process 3 in the diagram above?

Leiuss Ay 83led 8330l 45,1 a1 deudl e 5,15l ds )y usi Jaeo saiey
The rate of temperature change is dependent on the specific heat capacity of the
substance that is being heated.

g win il B5lall S lguasd @il 8,13l wle saiey 5,155 ds s e Jaeo



The rate of temperature change is dependent on the latent heat of fusion of the
substance that is being heated.
Loz aiy 5lo usail &l 8,1 ,all e saiey 651550l ds > e Jseo
The rate of temperature change is dependent on the latent heat of vaporization of the
substance that is being heated.
Ry Aol dls )l 98 B3lall
The substance is in the solid phase and is expanding.
Ruisig Sl gl 99 slall
The substance is in the gas phase and is expanding.

49. referto the heating and cooling bl 2 gall 3l g didsill sisio | 93,1
curve shown below. 0

Temperature

Temperature

> Heat added
Heat added

Which statement is true regarding @8 4 dlasll oy b munll §5Lell o
process 4 in the diagram above? Todlel wilul sl

Bslall e dai sic 130 ¢y
This occurs at the boiling point of the substance.
il sl 515> wle siei 4 didoell
Process 4 is dependent on the latent heat of vaporization.
> s0ll g JlesSl iz 8,12l d2 s g ol oS 3
The temperature cannot rise until the phase change is completed.
Sl / Bl gl 08 Hues ddeell o
The process involves a liquid/gas phase change.

20 G bo JS
All of the above are correct.

50 08¢ ‘&Cﬂ—ﬁﬁfl

Two spaceships approach each other. 4y @i .p221l logusey o clad lingw i
Spaceship A has a speed of 0.8¢ (80% (98]l de 0 7.80)0.8C Adulaall 48 5l
of the speed of light). Spaceship B has ey o0 760) B 0.6¢ dulasll @S 50ll de ju glis
a speed of 0.6 (60% of the speed of ol e A cladl digas io wle SIS (598l
light). A passenger on spaceship A aims Sl c9.8 & 5> dc 5 Sdo o B cladl divsw wle
a laser at spaceship B. How fast does B cladl digus o e US|, Y oS

the laser light appear to be moving
as observed by a passenger on
spaceship B?

0.2¢c 0.6¢c
0.8¢ c
14c



