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EmSAT Achieve Physics measures test taker proficiency in Physics and
determines their readiness for college. EmSAT 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 gquestions

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




sljull ple B adall Jgall Juldl) & jley) sl

A il ey el

il leall 5 48 jaall (5 ghusa e 2ally SN slae Y1 g el 138 8 ALY Sl Canits 1500 - 2000
Agealadl Y1 A 3 el aall il BlaaiN

AU ) Jleall 528 jadll g sha e Y sia Aae | (g stall 130 G Alll ellie, - et 1100-1475
Al VAL 6 el 5l il

CilBlusay (Sl o glhaall EBE o) aadl (6 ghuall 120 3 Akl ellia) daw i 900-1075
Agealall W A 3 ol 5l

ela ¥l ale Clilial ALl 43 jell AISY Y (g sicall 138 8 Akl llig Y fo i 700-875
2l ull e g sa s B acall (am ) agials pe dpmalall 1Y) Al (g 5iusa

ple Ol jleas amlia 3 aided aca I (o glusall s 3 Alhl) 2l - ouaill dals, 500-675
Apmalall oY) Qi) (g giune e el il Gl (e ol 3 el J Al elia)

asbliay 4 prall (o ginall 1an 3 A0k aia) Al W) dpalall 48 e al) Cona <500

Al g s ) o slall

EmSAT Achieve Physics

Score Score Descriptors
1500+ High Proficiency: Students at this level are well-prepared for first-year
i physics courses at the university level.
11001475 Proficient: Students at this level are at a satisfactory level of preparation to
hegin 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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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.
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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:
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1D Translational Motion Kinematics Quantities.
Ldolaiiell bl & o)l @8 & o)l Ale sles
Kinematics Equations in Uniform Linear Motion.
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1.1.1.1

1.1.1.2

Newton's Laws of Motion.

WSl & > 03 LS ol g8 aledl Laadl 9B
Universal Gravitation and Kepler's laws of Planetary 1.1.1.4
Motion.
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2D Translational Motion Kinematics Quantities.
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1.1.1.5

1.1.1.6

Projectile Motion.
.4c bl _)laﬁl @S 5> 9 dabiall 45,81 4S I
Uniform Circular Motion and Satellite Motion.
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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:
B usio ol @il 598 o muall Jedl 11921
Work done by constant or varying force. i
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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:
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Center of Mass.

Linear Momentum. 1.1.3.2

2nl 1.1.3.3

Impulse.
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Conservation of linear Momentum. 1.1.3.4
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Collisions. 1.1.3.5
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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:
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conservation of angular energy and conservation of angular
momentum.
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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:
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Rotational Motion Kinematics Quantities 1.2.1.1
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Moment of Inertia.
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orque.
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Newton’s Second Law for Rotation and Static 1.2.14
Equilibrium.
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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:

o gl b ase o el Jall 1291
Work Done by constant or varying Torque. B
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Angular Energy and Conservation of Angular Energy.

1.2.2.2

Aol )l & il dueS baesg dygl )l & il dueS
Angular Momentum and Conservation of angular 1.2.2.3
Momentum.

Fluids Mechanics  gilgall [SulSu :
ASLul gilgall yailas Aingy suuiig ddsu wle (56 19358y ¢l SLisM guesdiall wle
. i dsleog pusaes ol oy JEuul Isue Jio @il goll | elulao il 9 alasils &S ,xiallg

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:
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Pascal’s Principle. 1.3.1.1
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Archimedes’ Principle and Law of Floatation. .
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Examinee should be able to analyze, predict and describe the
properties and the behavior of ideal fluids in motion. This
section may include:
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Fluids Flow
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Bernoulli's Eg 1.3.24.2
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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.
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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
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graphically and identify the conditions for each type of
oscillations. This section may include:
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Simple Harmonic Motion 2.1.1.1
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Damped Oscillations 2.1.1.2
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Driven (Forced) Oscillations and Resonance s
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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:

Mechanical Waves Representations and 2191
Characteristics
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Sound in Motion (Doppler Effect). s

Mechanical Waves Behavior.
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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.
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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:

dunblizog ,4S)l zl 902
Electromagnetic Waves
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Polarization
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Interference
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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:
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Reflection 2.2.2.1
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Refraction 2.2.2.2
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Mirrors

Thin Lenses 2224
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Optical instruments and devices.
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Examinee should be able to define fundamental physical quantities
(intemal energy, temperature, heat) that characterize thermodynamic
systems.
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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:
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Temperature Scales T
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Thermal Equilibrium
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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

el dBche | 5 1,
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Calorimetry and Phase Changes.

Mechanisms of Heat Transfer. 3.1.2.3
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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:
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3.2.1.1

sl sl bl 45 4
Kinetic Molecular Theory. TP

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
guantities. This section may include:

a1l aoliall b J 3l ¢l
First Law of Thermodynamics.
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Second Law of Thermodynamics
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Examinee should be able to demonstrate an understanding of all the
phenomena and application related to static and current electricity.
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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:

db,es)l Aol | 4.1.1.1

Electric Charge

480l Sl bgsll | 4.1.1.2
Electrostatic Force

wilbeSl el | 4.1.1.3
Electric Feld

wibeSIl @il | 4.1.14
Electric Flux

LSl oyl Blbg il gSdl g2l | 4.1.1.5
Electric Potential and Electric Potential Energy.

d5lall sl goll g dedlg wlaifall | 4.1.1.6
Capacitors, Capacitance and Dielectrics
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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:

il el Ll | 4.1.2.1
Electric Current

Culill [ Lal dulb eIl Silenll | 4.1.2.2
Direct Current (DC) Electric Circuits
3 yiadl SLill dsbeSUl Siloall | 4.1.2.3
Alternating Current (AC) Electric Circuits.
Magnetism  duublisall
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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:
b Sl bslaell g bosleoll yoilas | 4.2.1.1
Magnet and Electromagnet Properties

watbligoll Jloll | 4.2.1.2
Magnetic Field

b Usoll §51l | 4.2.1.3

Magnetic Flux

duublisoll 5gill | 4.2.1.4
Magnetic Force

swabo o)l ~ 52l | 4.2.1.5

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:
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Electromagnetic Induction Laws
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Electromagnetic Induction Applications
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Inductance and Inductors.
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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.
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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:

olicuind dslsdl duidl @bl Olouo | 5.1.1.1
Einstein's Special Theory of Relativity Postulates.
duls bl deadl | 5.1.1.2

Relativity of Simultaneity

din )l Ol G | 5.1.1.3

Relativity of Time Intervals




Jobll duwwi | 5.1.1.4
Relativity of Length.

Quuaid| & i)l 4SS 5.1.1.5
Relativistic Momentum

Blbllg diS)l dsleo | 5.1.1.6

Mass-Energy Equivalence

Quantum Physics and Atomic Physics 4,3l sl usllg dwSIl <l sl
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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.
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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:

> g ¥l sl wleleil | 5.2.1.1

Blackbody Radiations

w959 68l il | 5.2.1.2
Photoelectric Effect

wsisesS ik 5.2.1.3
The Compton Effect

w9 s @390 Job tdslall wisgell | 5.2.1.4
Matter Waves: de Broglie wavelength

& »isuled @MWl s | 5.2.1.5
Heisenberg Uncertainty Principle

quesll el ull wlinls | 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:

Al 2dball | 5.2.2.1
Atomic Models.

SoMl Wkl | 5.2.2.2

Atomic Spectra.

Nuclear Physics  d9gill sl 3.l
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Examinee should be able to describe the atomic nuclei and their
constituents, interactions and radiations when they are unstable.
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Examinee should be able to describe the properties and the
structure of the atomic nucleus and distinguish between natural
transmutation and arificial transmutation. This section may
include:

a0l dlgill S 559 pailas | 5.3.1.1
Nuclear Atom Structure and Properties

ol ool g lesl deul)l oY gl | 5.3.1.2
Natural Transmutations: Natural Spontaneous
Radioactivity

weleadl Podl o | 5.3.1.3
Rate of Radioactive Decay

Ginzvianl| dy99ill OIlelill :dclibnod el | 5.3.1.4
Artificial Transmutations: Induced Nuclear Reactions
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Examinee should be able to describe the nature of the particles
that constitute matter and radiation and distinguish between
elementary particles and composite particles. This section may
include:

i3l wlowanll | 5.3.2.1

Elementary Particles.

iS ol Clogll | 5.3.2.2

Composite Particles




Physics Formula Sheet desxsiwall el 50l il 39‘|

Physical Constants

Name Svimbol Value
mMagnatic permeability of 2 vacuum Ll dmx10°T N 202
FlLall o dobadl Gl
Stephan-Boltzmann constant oy 5.67=107% W m2KH
wlapdas -plads ool
Speed of light {in 2 vacuum) & 3.00x108 m/s
(ELAN (8) eguill de
Speed of sound in air v 30 my/s
olagll § Siaall ds
Fundamental {electron or proton) charge € 1.602=10-1C
{8ae 3 g AY) duell] dsd)
Gravitational constant desl=dl ool G B.67=1071 N mi/kg
Planck's constant @lidh .l i B.63x107% s
Boltzmann's constant Glaglss ot kB 1.38=10 J/K
Coulomb’s constant pslss ool i Gx10% N m?/C?
Avogadro's number 3;.‘-L’_—3§? L= A 6.02%10* atoms/miole
Proton mass (gisall 4 Mg 1.67=10% kg
Electron mass &3 A1 48 M 1.67x10 kg
Meutron mass g dsall Ma 9.11=10 kg
Permittivity of vacuum Fl20 dola Eqy B85 10 “F/'m
Atomic mass unit dudl ASN By u 1.66x 10 *7 kg
Molar gas constantdsedl jLl ol i 8314472 L. mol?. K1
Acceleration due to Gravity Sesd 4l 55l a .81 m/s
Electron Voltodsa oy a8 el 1.6x10%)
Density of watersLa! 4318 i) 1000 kg/m?
it § ppsl) il Quarks Table of prefixes
Electromagnetic Spectrum ark Symbol  Charge (¢) Prefix Symbol Value
; < > tera T 104
| e - : giga G 10°
3 | E—_ Down d 4 mega M 109
; Peloesion A Strange s 14 kilo _ k IO“
b { e . . centi 10
§ | Charm C % milli m 103
{ L o " ‘l'op t 2% Mécro M [0 b
+ : nano n 107
§— ol Bottom b ! pioo P 1012
._ | femto f 1013
-
F "r:'-rmv w iy s o
\ | T Mo S Memey agioh
1 e oF Pl et Cnergy V) A5 al) L Leves Semegy 0V)
\ 1 . .= 2 - [T,
T * e N -
/ ¥ a8
/3 - v
| L 1'% sy . 71
J 1 I - e
/ 4 e o
il e coinans
: sl = = - -m
By Loren bos s Hydoges Mimes A Prw by Loveta bos Sue Meisnss Mlme
. o'"ve s gl 3 03 b ARl i e S i3 Hu ARl U e e S

Gharwu ritys




Mechanics:

(a8l 45)=) ol §)ludy paur 45>

Average Velocity dlawsiell daeiall de Wl . Ax
Vavg = AL
Average Speed dlr.gielldc Wl total distance
a9 = " fime
Instantaneous Velocity ddasllde i dx
T
Average Acceleration Jawszall £l i N .&i
WL AE
Instantaneous Acceleration a=l! ¢)luill e E
dt
Motion of a particle with constant acceleration =1V + at
(Translational Motion) &X%(vo +v)t

e
Ax=vol + Eatz
V2 = vol + 2aAx

Newton's Second Law QLI o5a 0930 F=ma
Gravitational Force (Newton’s Law of Gravitation) o T
3K 2
2
(RSl § criow 936) urdlon 53
Gravitational Force dwil=ll 553 F=mg
Weight 03! W=mg
Friction Force 8=l 548 f=uFy
Centripetal Acceleration ($35,s)! &bl - 2
" R
Centripetal Force 4;5,a)1 5! _mp*
TR
Kinetic Energy 4.8,J1 aslall Pedaaa
Potential Energy auogll 43l F=-aU/ox
Gravitational Potential Energy aodlsll ang il AU =mglAy
Elastic Potential Energy &g all puog &l U(x) = i} ki

Work Done by Constant Force 40l 848 ot

W=Fdcos#=F-d

Work Done by Varying Force dpsiass® e

W:_f F.dS

Work- Kinetic Energy Theorem astkally (Lidd) doyla)

AK = K¢

-KQZW

Principle of conservation of mechanical energy

LSaBL) 3BUall taas T

Ki#U1=K2+U2

Average Power dlawgiall §jua]l Pl wls
TETAE T Ar
Instantaneous Power 4la=lll 3,14l =W oy BeF
dar dr
Impulse aaui J=F o Al

Linear Momentumddasdl 2ol ds

p=mv

Impulse-Momentum Theorem ada! - 2ol &S 4y 1a3

J=[Fdi=Ap




Conservation of Linear Momentum (in 1D)

Ao13 day § duasd) Byol 48 Laas

Pi=Px

Conservation of Linear Momentum (in 2D) 4.8 Jais
Cpdas (8 Ayl

Pii+ P = Pir+ Py

Center of mass location LS| 35, adgs Y aims _ [adm
Lem — ﬁ! Tem = Ir dm
Angular displacement (in radians) o=
=
(0Ll Busmga) daglit A1) AB=6,-8,
Angular velocity 43! de i __ A#f __ def —- - —
Wav = Rir W= gy V=WXT
Angular acceleration (Sald! £olud| — Aw _ dw = = o
g 9l & Qav =35, =T, A=aXT
Motion of a particle with constant angular acceleration | w = wy+ at
L i e
(rotational motion) A0=wor+;at3
Goes s T i " 7
AO ==(w + we)t
Z:
1
Ab=wt-= at’
Relationship Between Angular and Linear Variables U= cr
A9l s ddasdl Clpadall (ro A3MA] a,=ar
72 -
a,=—=w?r
=
N 2nr 2
Ty W
Rotation inertia (il)3! jgadll pic =Y, mr? I=[r¥dm
mr®  Ltmr? fmr? fme? mi? m_““; %z ".‘F.f'.fi‘ v
: ' | ft i
e () @ — U Eﬁ
\ | S ol
ring  disk  shell sphere rod  hollow salid rectangle

Theorem of Parallel Axes

Ll jgadidy

Theorem of Parallel Axes: f" = I +md?

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

LI/

/4‘%1

<

Torgue g3l

T=rF =r F=rfsing

Newton’s Second Law (Rotational Motien)

(o e as ) S g g

7o 8L
=
Tnylz‘ig

Rotational work done by a toque

pyall ops E‘;I_;j.JJi el

W = 1A# (1 constant)




Power in rotational motion &9l 45 (4 5yadl

Rotational Kinetic Energy 445! &.5,=J1 43Ul

Angular Momentum 4sli! ) yull 48

Angular momentum of a system of particles

il

L = ;
Glosadl o allat) glyll 1l 4ueS =i
Angular Momentum of a rotating rigid body L=lw
Obga dll= d e ] Bughdl ool auS
Density 4alisJl _m

,G —

v

Pressure Jaiwall i

=g
Archimedes’ principle syl lie F=mig
Volume flow rate ezl (380 Juas Ry=Av

Bernoulli’s Equation Jsins olas

1
p + = pv? + pgy = constant

Equation of continuity &) miss dslas

Ry = Av = constant

Viscous Force d=g3li 548

F= —HA%

Stoke’s Law (S yiw 0913

F' = 6mrnrv




Waves and Optics:

Frequency cycles per time 2324 . 1
f=7
Displacement =13 x=x,cos{wt+ @)
Angular frequency Sgll 23/l 21 :
o = ? = 2Tff

Velocity 4!

17 = —wixysin(wt + ¢)

Acceleration £l

a=-w’x, cos(wt + ¢)

Angular frequency (spring-mass system)

[Fc

w = |—
(£33l ALl plai) Sgl3ll 23 A \J =
Period [spring-mass system) m

T=2nm |-

\ &

(Laiilly ASII pUa) (5)9- a3l
Period (simple pendulum) IIE

T=2r |-
(Hawdl Jatiadl) (5yall ppejdl v
Damping force Juesall 43 F==hv

Sinusoidal Waves Mathematical form (positive
direction) (e oladl)daaed! dagel) bl daesall

v(x,t)=y sin(kx—wt)

Angular wave number 9/l prgall 522l ;. 2w
2 i
A
Angular frequenc il a3l 2 :
g quency (Sshll 327 i e B
|
Wave speed dx>gall de w A
= = ;Lf
k T
Wave speed on stretched string I[;
v= |—
|1

dghiio by § Dgaall Ao

Standing wave (443l 3)!) 8y8iuall dxg.al!

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

General equation of wave dzgsll dalall dlslasll

8%y _ 1 9%
oz? — w2 ot?

Transmitted Power dlgiiall 53aall

P,, = 2r*uvA**




Thermal Physics and Thermodynamics:

Fahrenheit to Celsius
A gl A ol ) gl pedll

Te=2(T1-32)

Vlﬂi
Celsius to Fahrenheit
Cufls pedl) ) A gl As pall g

Ti=2Tc +32

Celsius to Kelvin
_‘59.1511 .___1.1 -\_'5_'.;5\ i _J_‘.!H T

Tw=Tc+273.15

- ill‘-?,‘)|-)=_'i"| ||

Linear Thermal Expansion AL = LaAT
Volume Thermal Expansion AV = VEAT

Stress (force per unit area)

stress = modulus = strain

(G buuws Bu>g S5 893 ) Slg>]
Stress (pressure) (lis) slg=] P:fa
Tension/Compression, E: Young's modulus F E AL

A L
U Jalas sdaiall /ol
Shearing Stress, G: Shear modulus - G Ax

A L
el Jalas ¢ yadll Sle]
Heat and temperature change 0=C(Ts-Ti)
)l e ey ) aldl e O=cm(T:-Ti)
Heat and phase change sl jaiss )l Q=Lm

Power of Thermal conduction & ol Jea 5l

Tu—Tc
P L'U}L‘L‘LJLU(J[I: }(_A( T)

Power of radiation Stefan-Boltzman law
obe g i 58

P radiation = UEATIL

First Law of Thermodynamics
St adl Sl 8 1 gl

AEint =Eint.f ~Einti =Q-W
AE e =dQ = dW




Electricity and Magnetism:

Coulomb’s Law agleS ¢

Electric Field for a point charge
2‘_}_}93_',‘:.‘: Rm T w-""‘ |<1I ||_;_‘_J\

Electrostatic Energy 4Salin 5 <l 4dlall

Electrostatic Potential
igq ] kT 3).{5.1" \A:.agu AL,

Energy Stored in a Capacitor <&iSal 8 & 5 jadl astall

dV = —-E V() = — [ E.dF
Electric Flux b < il b=4 E.d§
Gauss's Law _ssle (58 §E.dS = gu/e
e 1
Capacitance “ed! O =g/V
P i 11 l PlcT C r 'I( 5 ,.'”,.jl g U"-L:Q-]i"'a 'F"'-“""
arallel Plate Capacitance s ) se & =il

U=icv =5 =10v

Capacitance with Dielectric 4 jali 3oLt a. e

_ egKA
G d
; ity sl A4S S
Current Density - j=i/A=0cE

Wire Resistanceallud) 4. 5lae

Ohm's Law ag g

= pl/A, where p=1/o
V=iR

Electric Power 4 <0l 5 il

Charging Cap acitm

il dla B Je dsa 20

Discharging Capacitor
A gl Alls 8 (Al e daall
oy = =

Time Constant in RC circuit
A glie 80 5 0 8 g gmadl a3l il

LOL entz Porce on Moving Charge
_):-_u "n_"n.u. _)_| }J 5 _9_

P=V¥R=1PR=1IV

gt)=CV [1 e e;j;_-c]

._L
RC

q(t) = qoe”

Charged Particle in a Umiform Magnetic Field

_ muv 2wm
r:.a.l....._..._.:ﬂ_u.n l‘]_ﬁ....g_u_p:-.....a,\_...a T = QB?T _q"g"
Force on a Current Carrying Wire = , —
A Jang el e 58 F=ilxB
Magnetic Moment of a cuueut loop (dipole — . 7
p (dipole) i=iA

{raq.r_u,__\_l:_ 13@) £ }\:.1-\3.1;5_._.: el 5 el




Torque on a magnetic dipole placed in Magnetic
Field (B)
‘_Fn._l.'dll._'l.d S \v,_j Jgm e kF...._J'L.'au_la.... | 3l '_ri.r, t’}’j‘

Hall Effect s 50

Biot-Savart Law

h__rlﬁi-u —Zel _9.4'-5

Magnetic Field Due to an Infinite Straight Wire
Y ain AL il ol

7=jixB
— B
Vuw = i

Ampere’s Law sl ) il

Magnetic Field Inside a Solenoid
n-‘l_:]'.gl '—ij"' Ji‘—‘ H_El\-nl—“-ﬂlu.i.u.lﬂ J'.;_dl

Magnetic Field Inside a Toroid

Ale ale el allaldl e
= — .

Magnetic Flux wbiiaa 3l

Faraday's Law 2 )l [y 48

Motional emf 4l Sl Ladlall 5 gl

Self-Inductance <l A

Growth Current in RL circuit
L.:a&..-._.hué)ﬁu - )I._"']H Al
3 s = 7

Decay Current in RL circuit
gl — Cina B A LN Placs)

B — woNi
2mr
¢=¢B-d5
. de
e= -
e = Blv
i : = dz
p=1Li, e=—-Lyg

Time Constant of RL circuit
5..451_1.: g :'|J\.:|I_] ‘_;J' LJ")'.“ Sulh

Energy Stored in Inductor
Zima 4 g sl A8LLY

Mutual Inductance 4alial sl

emf induced in a rotating coil
13 bl 8 Ay il Jl el dadlall 8 gal)

= i 2 di
¢=Mi, e=-MdI

e = NABw sinwt

RMS Current

‘ ‘ 0
‘.Lp'.lﬁ ol el da e jaa .
-~ T lrms = V2
Capacitive Reactance <2<l dslic v :
™ wC
Inductive Reactance sl asies
XL- = wl

Power Factor & il Jalaes

Transformers <Y gl

P= ermsirms COos qb

Ni _ e - :
Ne = err €101 = €212




Modern Physics:

Photon’s Energy [ s gill 43l

Photon’s Momentum & gl & 2% 4

Maximum Kinetic Energy of Ejected Electrons
Camsill ) g SIS 5 gocnil) L€ ) 5L

E = hv = hc/A
p=h/A=E/e

Kmmc = hv — (o]

Threshold Frequency in Photoelectric Effect
Sy Sl S 8 Ak o g

Stopping Potential &Y' 2

De Broglie Wavelength
Jymiase Jsb

O A

Energy in n™ Bohr Orbit

Photon’s Energy in State Transition
Jaiyl a8 g gl A

Wavelength of Emitted Radiation
Note: Transition from the n' to the m?® state
Gl gl pall el
m el () laedl e JaiY) Akall

Heisenberg Uncertainty Principle
& i el Q8D e

Nuclear Decay Rate s 53! Joasy) Jome

v = ¢/h

Vo=t (1) - 8

A=h/p

72
U
L]
Eg T El = hv
1 o | 1 1
= RZ2 | — —
A Lm.z mz}

ApAzx > h/l(-Q'rrl), AEAL > h/l'('27r.) =

dN oy o
4 — AN N = Nge—>t

Mass defect

Bmding energy
L Ak

Energy released m nuclear reaction
@ Jeldll 3 Gl adlLl)

Am = [Zmy + (A= Z)m,| - M

B=[Zmp,+ (A—Z)mn— M]c?

AE = Amc®




= ]

U Examples

refer to the following velocity-time
graph.

1} 1 2 3 4+ 5

Determine the magnitude of
acceleration of the object when 1=

time = 4 seconds.

0 m/s?
5 m/s?
20 m/s?

refer to the following velocity-time
graph.

30

20
10 h
0 T T T T ¥
5

0 1 2 3 4

Time (=)

Velocity
(mss)

Determine the displacement
(change in position), Ax, of the
object during the 5-second time
interval.

40 m
80 m
120 m

e uall) QI dsldl @l wle Iskicl
(sl

090l 80 losic munll g5l lado 33 gl
Py

2 m/s?
10 m/s?

e ull) il dull @l e Islasc

30
=
Velocity 20
(m/s)
10
o T T T T
0 1 2 3 4 5
Time {s)

sl (890l @b usill) @5l 51 lsdo 32

wilgi (B)Jl 8,8 s

60 m
100 m



3.  Which graph best represents the o Ll JSiw @sleall Jios goly auw, S

equation, P =12R P=IPR
P F V
9) / a i
/ |
(¥] ! ] i
P L
0 /
Which of the following statements Cdgxio duoS oy X ddlill wl ,Lel 0 Sl
does NOT describe a vector
quantity?

90l Xoolsil 0§ &/ a2 20 dic juw aws
An object has a speed of 20 m/s in the positive x-direction.
83l 359 @53 30 dysl 5y Joss isw 30 b lo s
A 30-newton force acts at an angle of 30° above the horizontal.
.yiogl€ 2.0 d8Luo b, Ll glodi
A car travels a distance of 2.0 kilometers.
il 339 g« aslll gL olsul
The acceleration of gravity, g, is directed downward.
Lasl in 5.0 Lyl 5| & dls
A mass is displaced 5.0 meters horizontally.

A projectile is launched with an w8 1 5i0 50 dilul de yuy Bgdin §b| Au
initial velocity of 50 meters per 48 soll 33> g3l §¢8 d> 5 30 dygl 3w dwlill
second at an angle of 30° vy dodill dslaidl 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 mis 40 m/s
25 /3 m/s
Two forces act on a 5-kilogram 599 &3y .ol ,e8lS & S wle ol 58 bigd
mass. A 16-newton force pushes cengall X olsal w8 Al g 16 B lnéo

the mass in the positive x- Ll X oolsul 8 igw 12 11380 58 g9Nig



direction, and a 12-newton force e b_58ell dhasell dgdll olilg laie 33>
pushes in the negative x- =<l
direction. Determine the resultant

net force acting on the mass.

ALl x olsal (igw 4 e gall X olsil cigu 4
4 N, —xdirection 4 N, +x direction
ALl x olsul oigw 28 w90l X olsil (g 28
28 N, —xdirection 28 N, +xdirection

o gall X obil iy 14
14 N, +x direction

A mass is displaced upward along 30° lasiay Juoy Lasio wle wled diS dslsl

a 30° incline as shown in the Juai bosic .ol aw )l 08 2590 98 oS
diagram. When it reaches the top h wowd Jl el gly ssiell dod o] @il
of the incline, the mass has a Jsb wle dulio Ad dlll dsl5| bo . 0 2.4
vertical height, /2, of 2.4 meters. € ool

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

incline?
Ad
h=24m
30°
1.2V2m 1.2v3m
3.0m 4.8 m
24+/3m
Three forces act on a mass as a9l .an90 93 oS i)l e Sgi e i
shown. Determine the magnitude b idall dhosall §9dll 9 Cumy F bgdll lséo
of force F so that the resultant 180 @)l wle
force acting on the mass is zero.
3N 4N
42N 5v2N
5v3N ‘
A ball tossed upward from a sl isdosi s> oo e (g838 i il 8 S
bridge just misses the bridge on loS oLl clodl 8 bougig Jouadl wd| Guboll 08

the way down and lands in the sy wle sl wladdasill sl 08 2o 90 9B



10,

1

water below, as shown in the 03¢ A3l Coll Lclodl alows 99 | a0 24
diagram. The bridge is 24 meters i) dplaiXdl de il aa gl L olgi 3 48,
above the surface of the .odel ol <1
water. The elapsed time for this

motion is 3 seconds. Determine

the initial speed of the

upward throw.

—

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

The driver of a car moving at 20 | 50 20 de yuw o 5 il bl G5l )
meters per second notices the ol usi 38 90l 5L 50 of dulill w8
light has changed to red. When o)l wle @ikl baoay baic . el sl
the driver applies the brakes, the Al o Lliel 10 lsias 5, Ll Iblig
car experiences a deceleration of I8 6 bl Lgelnginn ouill d8luoll lndo bo . gu i
10 meters per second S g of

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

5m 10 m
15 m 20 m
25 m

relate to the velocity versus time (o ll-de yudl) duludl @l wle Iskicl
graph below. '

Yelocity
(m's) 5

Time (s) Time (s)
Determine the magnitude of Wl 2 o duio 3l 6 el Ps g Ll )lm o
acceleration from 2 to 3 seconds. Awb 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
graph below.

10

Velocity
(m/s) s

Time (s)
Determine the displacement
(change in position) from 3 to 5
seconds.

(08 1 ) Al 80l ol sl

; N

Velocity J
0 1 2 3 4 5 6

(m's) s

0

Time (s)
5l U (=8sall o8 usill) a5l 531 lséo bo
b 5 ol 3 o duny)

1.0m 20m
50m 10 m
15 m
relate to the velocity versus time (o dl-de ,udl) dulull @dall e Islaicl
graph below. 104
10 Velocity \
Velocity \_ (mis) 5
(ms) s
0 S
04 S , | g i % 2 @« T §
] | 2 3 4 5 6 Time (s)
Time (s) d\.” 3 o ‘IJJ.D)“ b_).I.D.” J)L) E‘)L...u.” _)lb.ﬁn lo
Determine the magnitude of 4l B
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
upward. The ball slows on the way
up, reaches an instantaneous stop
at maximum height, increases
speed on the way down, and
finishes the motion at a lower final
height. Which of the following
graphs represents vertical
displacement versus time?

s SN 55 o ¢ ol anaJl o8
S,99 Wi ol daig < wled lgi o 8 831
b el y g g li,l vl s
Sl il wilgs gl wle 4 ,a0 weiig « Jg sill
g I Al A Jioy ] dulidl pgas )l o

S gl Ll



0

15. How high is the ceiling in a school Lol LY Al w8 il gl 9 Lo

gymnasium if a volleyball thrown oo wleY 5 lall 58 o, & 18] du5ally
upward from the floor at 10.0 suely 4l w8 Lo 10.0 de s yo, 3
meters per second barely touches oo, ol s3gell Jb SKIL bl
the ceiling before returning the
ground?

4.0 m 50m

6.0 m 7.0m

8.0m
16. A mass undergoes a constant 4.0 Slados 98l o culi gLl diS guaxs

acceleration from rest at 4.0 dyles @b i)l a5 5 Lo sy duiti JSJ Lol
meters per second squared. What Culgs 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 dulsdl 08 )9Sl sic dlis)l uiss
experiences a uniform dlsll dsl 5] < tduo )l 6 mll s .a . lodaiie
acceleration, a. During time cloll elai lodie dliSll dsl 5l b X ¢ d8luo
interval ¢, the mass is displaced a 2t S9luwg wuiioll

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

X V2 (%)

2x 24/2 (x)
4x



18.

19.

20.

A runner is training on an oval- & cus Sl Selaw [l wle o N che
shaped track where each lap has 4c yu wle clrell a8l . a0 400 da) JS Jgb
a length of 400 meters. The o3 dlsdl dbis oJ| 59919 « 90 JeSag il
runner maintains a constant b yisll 03D w9 clsell de i bo .4l 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 D Ol b gt lobsill a8
driving on a four-lane highway. bl dey,l o usSo & b WIS i
Two observers are riding in car X. lgii ) lio die X 5okl 8 plaol, S
When compared with the w4 liol 10 Lgic s 9305 bl SI cpmdl 0l
observers, which car appears to C oS loall ol w8 dulill

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

""" ok | F | L WWIF]
30 m/s

“““'“_';,‘“To“ﬁﬁ«“""‘""'-“;“"'35"“‘,: """"""""

A B

C D

E
A boat with a speed of 4 meters D bl o8 Slisl 4 48w LB 2
per second will cross a 40-meter- Al o8 Sliol 3 gl Sl 150 40 as e
wide river that has a current of 90 98 oS b ubo el Lo Ll Bagy
3 meters per second. The boat AU il )l 08
aims directly across the river, as )
shown in the diagram below. e i
A e Voout =4 m-'s} "“‘_b
Viivee = 3 V'S U

Coaill g oWl § g Bl oo &S

40m >
Voout =4 m-"sl

How long will the boat take to
cross the river?

10s 20s
30s 40 s
50 s



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

- Vivee = 3 M
40 m >
Vhows =4 mfs

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

0m
20 m

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

loles guioll

completely upstream

Gl e b ,ibe
directly across the stream

| S0 duslil g\S )L'i"i 4 4C 5oy 0,6 i
Awlill oo biol 3 glu L |50 40 4b e
2090 98 oS il el 5.2 Ll Sagy
ol sl o

S

0 Viiver = 3 MVS
40 m >
Vhout = 4 M/S

f
S 520 0l b Gl i S0 STl
Coall Ll Ao gl

15 m
30 m
45 m

g3gall .Soo iy il 8§80 Lgi LsiC 30
Julis Joss clage ud gl o L33l lal wle
g ol wou ape el Lge g

Ml§ guioll
slightly upstream

M8 cuanll
slightly downstream

loloi ol

completely downstream

Which variable(s) remain(s)

constant during the entire flight of

a projectile?

Dl @b Jbs gl (el iall) iall o
Casall ol dls

Lo i pual) 48931 45 50l (1)
(A) Horizontal component of velocity only
10 46 al) el JJI 48 50l ()
(B) Vertical component of velocity only
bt gLl (2)
(C) Acceleration only
291 s (3)
(D) Both A and C
z 9w ldd (o)
(E) BothBand C



24. A ball thrown horizontally from the |50 20 aclis | wiso @l> oo Lasl cusll 5.5

25.

26.

edge of a 20-meter-tall structure 90 oS ol B3l o |5i0 30 30y wle g
lands 30 meters from the base of BS80S 3391 2B 90
the structure as shown. Determine

the speed at which the ball was

thrown.
30m =
5 m/s 10 m/s
15 m/s 20 m/s
25 m/s

A convertible car with an open top AC oy uanis 28890 i IS 48950 8, buaw
is driving at constant velocity A 1Bl .oded 58 QB sl ) lovie dub
when a ball is thrown straight oSl bougivu (40 clogl) doglio Jlid S5

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

5Ll Alof
In front of the car
6Ll (98
In the car
b b A=
Behind the car
LAadill dc e oo 3oy Ll gl
The answer depends on the speed of the projectile.
Bkl de e ey Ll gl
The answer depends on the speed of the car.

The diagram below depicts a dasidll o cusllol 438 olsl gilull sl B9
projectile launched from point A gsiall Juay i3l wlel 45050 v de s A
with a speed v at angle of , above il 392 B daiill nic a g | wusdl |
the horizontal. The projectile o8 ¥ Sxell diise < C dbiill s 5,31 W
reaches its maximum height, /, at g90>0 . gl Xl s ole C g A gliball .
point B. The projectile impacts t 98 C doaill oJ| A doiidl o dl> )l 05
the ground at point C, achieving a Ll
final range of x. Points Aand C o

are at the same height. The total e

time of flight from point A to point ‘/ N i

Cis tseconds. St : A

B il sic gdinll de s 334l




21.

28.

Determine the speed of the
projectile at point B

Zero .o
1
E v

The diagram below depicts a
projectile launched from point A
with a speed v at angle of , above
the horizontal. The projectile
reaches its maximum height, /, 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.
B

. o “"\.\\
v g h "\
5
A Jfp \\'. * [ 54

X

Determine the speed of the
projectile at point C

Zero so

1
-
2

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, /, 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
C'is tseconds.

.f"lr. VI\\_
v h '\\.
\ % =
A Jfo \C

X

Which of the statements below is
true regarding the acceleration

()
v cos 6

v sin 0

daiidl oo cailbol @38 olisl il aw )l 2B
i)l Juay . Al el 5l 0 V AC aus A
i gdiall 390, .B dhiill sic 4 g lis, | wundl |
ol Saall dise  C daidl sic (5,3 Wl
e300 ¢l s wle C 9 A glibsdl .x
t 93 C doiill oJ| A dbiidl o dl> I o
b

B

e

L/ g k ““—'\_\
A ak'\ e

X

C il sic gdioll de s 33

U
v cos 6

vsing

daiill o calbol @58 olsl wildl aw_)l B
gsiall Juay .Sl wlel 9050 v de oy A
< gxaall 3920 B dbiill sic 4 g | sl Wl
o83l Sxell o  C daidl de Lo, 3 Wl
g0 . gl A juii wle C g A glisiill .x

t 90 C dbiill oJ| A dbiidl o dl> )l 0

/"-’.-ﬂ_ o ‘-
2 w
v fi Ny
o .\\
A Jo \E

X

£ oLl sy bosd doms obisl @l Lall oo S

Cygpiall o gall
C dloiidl o) A dbsill oo Lgils, s



29.

30.

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

C ol B o3l B ol A yo gLl paesy
The acceleration decreases from A to Band increases from Bto C
C Wl B yoyaisig B ol A po g bl 3
The acceleration increases from A to B and decreases from Bto C
A sic gLl laso) 469¥1 48 jall Seluw g Ll [lsio B xe
At B, the magnitude of the acceleration equals the x-component of the
magnitude at A
oS leo 05 S A sie duss 98 gLl Jlie C aic
At C, the magnitude of the acceleration is the same as at A but the direction
is opposite
C Wl A o Wb gLl olsolg lade by
The magnitude and direction of the acceleration remain constant from A to

&
A car accelerates from rest to a 1500 20 de s ol 98wl o b, Ll & 5 lus
velocity of 20 meters per second. &3, « de Ll 030 Wl Juai lodie .dulill o8
When it reaches this velocity, the doglio o Lol .5999)] dulgs e dosd Gill
driver removes his foot from the S5 X sl ggll
accelerator. Assume air o b, bl
resistance is negligible.
The car will
Lo wulall gemill s S g i
speed up slightly due to its inertia
Golol 39 5929 AC s bl
slow due to the lack of forward force
38 513
come to a stop
idois &5 8 5um9 8538l &/ A 20 de o
continue at 20 m/s briefly and then slow
b,bdl e 45l gio ue 598 Josi wis & [ 2 20 de w0l
continue at 20 m/s until an unbalanced force acts on the car

A small object is attracted to Earth Al oty LB, W 8 A LA
by a 50-newton gravitational force. 02N w00 50 b,lad0
The object pulls back on Earth Azl
with

wiss 0 1B,1580 598 409320 € b 80 548

aforce of 0 N a negligible, small nonzero force

Ui O b 9 50 B ,lx60 549
aforce of 5 N a force of 50 N

g 000 B lxio 599
a force of 500 N



31.

32.

33.

34.

When an object is thrown upward 3939 A Al ¢ ol b aws B3y Loric
in the absence of air resistance diod | Juoug clggll doglin
and reaches the top of its dodll . dodil 03d sic ) gall o Bigiy ¢ Ll
trajectory, it stops instantaneously WD Al wle §553all

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

PLV- il 059 Sluw
zero equal to the weight of the object
au)l diS Sglui g
equal to the mass of the object
ol s
changing direction
Two strings support a 10-newton 2590 98 oS (g 10 aws locy Lk
object, as shown. The tension in 9d 1 ozl 08 szl
string 1 is
10N
gL Uis 99 0 o
zero between 0 and 5 N
between 5 and 10 N
10N
A 70-kilogram person rides in an 3200 g8 bol ;2908 70 a9 posi S
elevator that is accelerating Loy 0 4wl S Lie 2.0 de uw oo gl
upward at 2.0 meters per second Coasill wle 585 waill duuloll g8l S lsio Lo
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 38 oS ,3zin wle gSus A o Al b
incline, as shown above. Which 5ol awsdl blbso 98 bo .0dlel avbd s

free-body diagram is correct? Casall



35. A mass, m, is pulled along a
rough horizontal surface, as
shown above. If the mass is
accelerating, then the friction
force, f, is equal to

" -—ﬁ-}

b F (1)
(A) Fonly
ks mg ()

(C) mg only

36. .

m

A mass, m, is pulled along a

horizontal surface by force £, as

shown above. If the resulting

motion is constant velocity, then

the frictional force is equal to

Zero Lio
mg cos 0

i il 2o Jsb e L 2 M dlS
599 018 ¢ &l Sl il 18] .90 98 oS
Sgluii f il

m..—fl_.}

by N (w)
(B) NMonly
z9lww X0)
(D) both A and C

29w X ()
(E) both B and C

m

F 98l gl o Jsb oo lpow ay M dlS

o Sl cwlS 18] Vel asge 93 oS
Sylus Sl 568 8 Al de

nmg
F cos @



37

38.

39,

"
‘Ikg_—ikg 3kg [L2N

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?

I kg

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?

J
e A

12N
Tkg — 2ke FKE e

el b0 3 oS gy dhsio S &N
ALel€ 2 A<l gL an ol

1 m/s2
4 m/s?

3295 « el bl aull 98 290 93 oS
loiw gl s b e al 2 9lS 2 S
S logiy byl [3gac dileo Al & glS 1 S
Slaio bo .l g @il dopne 5,S4lg cdll
Al b J&| e S gud 3l JEi Nl Joleo
T usSau

0.2
0.4
0.5

a5 485> 8 0dNel wuludl pull b aussl

ticilnal) R o] sqlthagil EolySinll ln Aol
wodasill aus I 08 awsd) 45 S sall dlellg

VW
%



41.

42.

43.

44,

e 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
=T m/s

%'r[m:"s
61 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.

312 m/s?
12 2 m/s?
72 2 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 mis

8 mls

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?

5mls
10 m/s

duily &> 08 & al > elS 5.0 S
00 3.0 35559 Lio 1.0 b8 s dolaiiio
AlS) duwlosll de yudl 3>l

2
=T m/s
3

31T m/s

dyyils & 5> 08 & 50 Al ;2618 5.0 diS
00 3.0 35559 Lio 1.0 b8 Mo doliiio
sl S sell gLl s>l

6 T2 m/s?
36 2 m/s?

32y oS >y ol e 9lS 30 @59 gy Jib
T T T SR eyt 1
0.8 dl gl by Sl 08 oy i
Sguaill de il > il Wle 0.6 g
CYBOD [RECRY 2 I N IV R PNT

4 m/s
12 mis

16 m/s

o @3 gac dil> JleS| o] dul g3l lin
5E 40 Y 4y il 130 Lo . ,biol 10 B b0
CélsJl o

7 m/s
14 m/s

100 m/s



45, oo 538 259 Bl awsll 95 of Ul wo

Jasll AL

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

41290 4o guogll Bl y3Sy ol v
the potential energy must have a positive value
428 901 doii o Blo Sl 9SH ol v
the object must have energy associated with its position
88 5> il sl 38 of
the object must have kinetic energy
4| aic ar.sg @8l ad 2ty ol (Say 89 0 punll (55 ol Ly
the object must be in a position where it can lose its potential energy when
released

Ol dls @b mall 3% ol Loy

the object must be stationary

46. Stretching a spring a distance of x o .F B30 598 X d8luun & w5 s by
requires a force of £~. In the o9 Lei 530 A U cdio Sl d8lall cduaell 03
process, potential energy, U, & w50 suned) dygllaell b edll lado bo Lol w5l
is stored in the spring. How much iy il ga4ll @l lsdo log (2X) d8liue
force is required to stretch the ey dogi & w5l o8 Lgw 350

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 albil) 451800l @8lall wlos|
system
losls dub S
always remains constant
Albill wle el oSNl ol Seluy
is equal to the net work done on a system
Albil 98 @ 3all @lbll wa
is the energy stored in the system
albill &S ysJl d8lall g
is the kinetic energy of the system
albill 8 2o ellg aS ol Wl g 300 92
is the sum of the kinetic and potential energies in the system
48. A 1,000-kilogram satellite al ,£6LS 1000 @59 glu welio 08 Jolu
completes a uniform circular orbit 8.0 x 106 ol Lans labiio G ,ils [5lne
of radius 8.0 x 106 meters as o3 AS gl .,a,3l S0 oo duwlie i
measured from the center of Earth alall duslal cubig (ax8 6.0 x 1024 i g
The mass of Earth is Ne+m2/kg? 7.0 x 107" @Jlg> o>

approximately 6.0 x 1024 Kg,



49.

50.

51.

and the universal gravity constant
is approximately 7.0 x 107"

N « m? /kg®. Determine the

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

Zero
8.0 x 101

oy sl @b oo Joduell doidl [lsdo lo
02,3l Jss MolS Dl welall Lol Jo,

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.
JON
5.0 m “‘\
30*.:\_.\

The work done by gravity is

15 J
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.

4 6 8 10
Displacement (m)

sl oMl 5eall Al 3N bl aus )l 2ud 9
0 oS Al 29l 2.0 ¢, 5 S wile 6530l
Jin 5.0 &Sl dulxinXl de il .ol 10 2l 55
...... b Sl dwilesdl deuddl o885 . dulill o8

10 m/s
16 m/s

20 m/s

850 oisw 3.0 diS olisl wildl awl sy

o Slall e 52l 08 ¢ Sl A> 08 Linso

RELCNTAL
30N
5.0 m ..-.“"‘\
\"'\
r 307

3 dunloll @ gt Sl il

30 J
150 J
300 J

355 igw 3.0 A obsl il )l 283,
€l as s 30 WSKis| & 3o wic

oo Solall ¢ 53l 08 g8l Al> 8 Liswo

- asuall



b2,

93.

54.

30N JON
5.0m “\\‘ 5.0m 'n,\w
i -,
0 365

The final speed of the mass when e ol ooy sic disll dsleil dc yull

it reaches the bottom of the incline ... Soluii Ludi 3>iall
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. au]l 295§ 0w . yio T ABluuo auu> 88, 3 5
Pushing the object up a 30° iy 499, 6xoll ies 45,5 30 lsias |55500
incline takes twice as long as Sy 408 @i li0 «dsunll Al Me A
lifting it straight up. When you use rdeds elild caniuo
the incline, compared to lifting it
straight up, you do:
b gdill o aldsil g Josdl s
half the work and use half the power
898l Luti aldzil g Josll Aai
half the work and use the same power
598l dos Al g Joidl juss
the same work and use half the power
B8l Lty aldziicl g Joid| s
the same work and use the same power
b gill Lani aldsil g Jocll Cdesn
twice the work and use half the power
A rock of mass 5.0 kilograms is on 10 Lelo,)l dlbs e a8 5.0 LS 6 50
a 10-meter-tall ledge. If the rock is od lod . Bl e b5l cusds 13 Lol
pushed off the ledge, what is the aiio ol Juai bodie b 3uall 45 o)l @bl
kinetic energy of the rock when it Cleb gud dais
reaches the halfway point of its
descent?
15 J 25J
50 J 250 J

500 J




95.

56.

97.

As shown in the diagram above, 2Lk el bl sl 8 s 90 93 oS
pendulum swings from point A to 6, bell 33> E dasill oJ| A doiill oo Jgaull
point £. Identify the statement dnwswall e ol
below that is NOT correct.

Jol8JL dinlS b wd E g A ol LS 8 a8l

The energy at both points A and £ is entirely potential energy
Ewl C oo 3509 C Wl A (o yoilin d8lbll wWlos|

The total energy is decreasing from Ato Cand is increasing from Cto £
C il sic Lgalael a8l @lall oS
The kinetic energy is greatest at point C
C dbill sic @lb)l gJlos| Seluy A dasil e @lb)l wJlos|
The total energy at point A equals the total energy at point C
C dbiil | A doiil o S ,adl dlall sly 59 Aol dBlall (o8l
Potential energy is decreasing and kinetic energy is increasing from point A

to C
Which of the following quantities is sl dls o basg bl Slbesll o &
conserved in a perfectly elastic Clolai ) all
collision?
bos dc ! (1) b gl 235l ()
(A) Velocity only (B) Linear momentum only
4ol @lall (2) 23| lddsS (3)
(C) Kinetic energy (D) Both A and C
z 3w Wdd (o)
(E) BothBand C
During an inelastic collision, which bl el Sl el e Al e lsl
of the following quantities € ooli
decreases?
b sl 2331 (1) b Blbll Wlox| ()
(A) Linear momentum only (B) Total energy only
b dll (2) b 4.8 5] dslbll (5)
(C) Mass only (D) Kinetic energy only
> 9w ldXS (o)
(E) Both B and D
Impulse is equal to: 1S9l 20
I. F Ad l.F Ad
. FiE IL.F AF
. mv . mv
IV. mAv IV. mAv
I I
Il and Il Il and IV

I, 1l, and IV



58.

o8,

60.

61.

300

F (kN) 21:0:

The force versus time graph 55§J|‘o)Lci o)l iléio 89l woldl A )l 24
above shows the force acting to el Al ,€ LS 1500 ¢ 55 b luw Sl X 65 4l
stop a 1,500-kilogram car during b buad) dslnig ¥l de il 33> s>

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 ldssl ¢ alsll wle ol siall o oLl
of 75 kg and the other with a mass b diladl 8 ax8 50 @il 3¥lg a8
of 50 kg, are initially stationary rety oS lodassl 13] .adx)l wle loo lagig
and standing together on the ice. S ) 5Siw 0bdl b,Le S« Losdl

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

235 75 @lsiall yo LS dady wiliy a8 50 &) sl (1)
(A) The 50 kg skater receives a larger impulse than the 75 kg skater.

235 75 @l ill o suol dats wiliy a8 50 &l iall ()

e g skater receives a smaller impulse than the g skater.
B) The 50 kg sk ive lleri Ise than the 75 kg sk
w35l 09 LSl e axlg) 238 50 &l il (2)
(C) The 50 kg skater experiences a greater change in momentum.
eyl @8 S1 e aslgy a8 50 &l iell (3)
(D) The 50 kg skater experiences a greater change in velocity.
inoo LS > 5z 91 (@)
(E) A, C, and D are all true

An 80-kilogram person running at 2.0 48w S 3y ol &0l 80 3 o
2.0 meters per second jumps onto leiss Ska §suis e wle o8 dulill w8 o
a 20-kilogram stationary goall e dxilll de Ll @b bo Lol e 9lS 20
cart. What is the resulting speed Coasailly 4 el w
of the combined cart and person?

1.2 m/s 1.6 m/s

1.8 m/s 2.0 m/s

2.4 m/s

Five objects have the same initial 10 o9 dwlyidl de pudl yuts o) Alusl dues
speed of 10 meters per second. vl ol Lolsbusl deu . dubill gd biol
After striking a wall, some of them Gl s lgio yoedl sleil g lpaey )] A
are stopped and some of them Casll 8 Lues LSl sl A ST dgliio

bounce back with varying speeds.



62.

63.

64.

65.

Which object experiences the
greatest change in momentum?

B3gii Al > oS 1.0 diS
A 1.0 kilogram mass stopping

ulill @8 liol 10 de w831 6,0 355 a5 1.0 &S

A 1.0 kilogram mass bouncing back at 10 meters per second
85gii al > 918 2.0 dS
A 2.0 kilogram mass stopping

Al o8 io 5.0 de ey sl X 5 Al 29l 2.0 dAS

A 2.0 kilogram mass bouncing back at 5.0 meters per second
dulill @8 ,liol 10 de w30 6,0 355 Al 29lS 2.0 @S

A 2.0 kilogram mass bouncing back at 10 meters per second

A planet with twice the mass of
Earth and a radius three times that
of Earth would have a

surface gravity of

g
2
g

3

A satellite of mass m orbits Earth
at a height of #and a speed of v
What would the speed be for a

satellite of mass Smat a height A

v
5v

A satellite orbits Earth at height /#
with a period of 7. If the satellite

were to increase its orbital height
to 24, what would be its resulting
period?

L

2
2T

A satellite of mass m orbits Earth
at a height of #and a speed of v.
If the satellite were to drop down

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

ub.):m US eus ailiS gl Sall S gSl
0SS 42, Yl LS 88 Lleual @b o jod s

S N ]
©

wle 4o, Js> 90 M @l gelio 508

208 48 5 88w oS VAC ey h g lis )|
helis,| wle 5m alt gk

V5 v
25 v

&o h gla,l wle ub)‘l“ Js> L9n welio 508
05k weluall jedll we o8 18] . T 5,38
Cazaldl 50l wd lod 2h | S, Il aclil

V2T
V8T
8T
e a3l Js> S M @l welio 09
ol acball sedll lad 13| .V deuug h glis |
S0l 4 e a8 () Lo



N =

U

V2 v

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

I\J%IIH
S <

eli,l wle o3l Jg> L9y welio 08

o @l gLl b .po,31 Jbd dai e
wo uo, 2l ol weliall Ledll 138 wle dwdll
€9 <y, 3l b dudl>

1. 1
8 29
1
- g
24
67. The gravitational force of lS 15 965 16 uilS o dwdladl 568
attraction between two masses is lo « wl o &l cuselai uliSll u d8luuoll
16 newtons. If the distance Cazildl waall 568 lséo
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 535 SISl ol wle paiy LIS ol gl o S
planets orbit the Sun in an ellipse? CSglaw Ll 8 punidl Jo>
b Jgdl 958l
1st law only
bid§ s lill ) g5lal]
2nd law only
a8 Bl ) galall

3rd law only
b lillg Jodl cpwigill
1st law and 2nd law
b iy Jo 3 el
1st law and 3rd law

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

acceleration on their surfaces?

Mass Radius
l. 174 2R
. 8m 2R
. 2Mm R

v. M R

& ol i @ (35 sum 2l 1Sl o S
Sl e )l bogidl

Al il G
. M 2R
. 8M 2R
. 2m R
V. M R



| and Il

lll and IV
I and Il
70. According to Kepler's second law,
what quantity is swept out in an
equal interval of time during a
planet’s orbit about the Sun?
Jsbll
Length
ol
Volume
8 Lol
Distance
R
Area
I

Displacement

085 13108 < 5129 (5,31 WS sl 13|
Slae o8 dicliall HldXl JS) Gle ! dayi

71. If the mass of Earth were to
double suddenly, what would be
the result to the velocities of
all of the satellites in orbit around
Earth?

Al oo i

Il and Il
[l and IV

i wall ddl Lo ol LS o uldl B
Dlse D 4y 5liio o5 8,89 09 el
Somoid] Jg> 858

Cuoudl Js>

They would remain unchanged
i1
S BIELIVRUL WLt ST
They would decrease by %

2 505 3 5 S
They would increase by 2
V2 sty 335 guu
They would increase by v2

V2

2

LIy ) 985

They would decrease by ?



12.

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 ilall ol e (g ging ela QaSa
A b ol ¢ sie L =0.25 Uk Axy ye akaia
e r=0.5 ki Chuais 4 il pdaie dalise

a culall gl Cany Al m ADSST a8 0 L
pS M = 1000 A5 18 )8 4ay pal) dalisall 33

of Caale 13) 45 jilall daluall 3 b ilall e

knowing that the height h = 1m? e h= 1 glas Y
A

[ 17kg w817 )
B.

[ 80kg #2580 j
G

[ 142kg S 142 J

L 272kg SL279 J




An oscillator completes 20 cycles Auli 50 08 5,95 20 ign aw> Risy

in 50 seconds. S, ol 33>
Determine the period of the
oscillation
04s 25s
20s 50 s
100 s
An oscillator completes 20 cycles Auli 50 w8 5,95 20 3igo aw> Rioy
in 50 seconds. 5l Al dS 5ol s 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 pausiig Al dlaio Al 6918 4.0 (5 diS
a spring and lowered to aloall 030 s .5l gill Al Il Joi ol Wl
equilibrium. During this process, cubi sl . ie 2.0 L ladey w5l baiay
the spring stretches 2.0 meters. sl
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 we IS wle g alil Jol gall oo oSl
period and frequency of an € yigo &l w5l 55 5illg S 9nll
oscillating spring? sl an (1)
|. Spring constant &l Jebo o8 il (11)
Il. Spring stretch &y 5l dsleoll @il (111)

lll. Mass attached to the spring

I Il
1]l | and Il
| and Il



Which of these factors affects the ool ue IS wle g il Jol gall oo oSl

period and frequency of a CJgaud 35,1l g S 901
pendulum? bl dsb (1)

I. Length of the string ol 533l ga90 e disll dsl 5| Hlsée (1)

Il. Displacement of the mass from sl dsleoll dlSIl - (111)
equilibrium

lll. Mass attached to the string
I Il

Il | and Il
I and Il
A pendulum oscillates with a bz Jgb Aol 5] T 5,9 go Jesidl 2>l
period of 7. If the length of the S, osdl Slade od ¢ Wl e gl Jesidl
string were quadrupled, what Caulwl
would be the resulting period?
47T 25
8T 167
V2T

Which of the following is Hooke’s Clgd o9l 9d Wl oo L
law?

PV =nRT E = mc?

F=ma F=-x
T=2m \/E
k

The diagram below shows a S i 5Jl i)l allas obsl ulull ol 2b
spring-mass system in oscillation o8 duwii ) bl O S3>ug 22,6 Al o8
and identifies three key points in )l led iy Jodl ylesgell &S oI
the motion. Positions | and lll are 2590 90 walill gogellg (sl 8
the maximum displacements, and ol gl
position Il is the equilibrium — T
position.

Bl Lo Sl &Sl @lall 55 (881 90) g0 Sl
At which position(s) is the kinetic € Say
energy greatest?

I I
[ | 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.

Hl-—
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 lll are
the maximum displacements, and
position Il is the equilibrium
position.

Which graph correctly depicts the
total energy during an oscillation?

| and Il

aS w3l AL Al obsl gildl p | 28
o8 i) bls O a9 a3, b A o8
3ol Lod cllly Jodl o lasgall .48l
&30 93 yilill g gelly Aol 5N wuasil
vl sl

lo _iSI & slull 1% (28130) 8330 Sl 8
LY

I
| and Il

aS i 3 AL Al obsl gildl p | 28,
o8 uaai, bl OB a3y 3L Al o8
o)l b ity Jo3l o lasgall a8 ol
ged90 93 ilill g gelly (dnl 5 wuasil
vl sl

| P— | I
11

Bl o] s S 9 wily pw S

Sl ¢l




11. Which of the following are
longitudinal waves?
|. Sound waves
Il. Light waves

Ill. Waves propagating in a string

12. A sound wave from a source has
a frequency of £, a velocity of v,
and a wavelength of A. If the
frequency were doubled, how
would the speed and wavelength
be affected?

v, A
lv,h
2

13. When light moving in air enters a

block of glass, which property(ies)

do NOT change?
4 gall dc s ()
(A) Wave speed

35,ill (2)
(C) Frequency

S gb Wl so ol oo I
dgeall gl (1)
egall Wlrgo (1)
bz 8 sain wlage (1)

Il
| and Il

| and Il

VS g Fsglus sxan o digo Ao
il 59 55 il el 3] LA d>g0 Jgbog
o gall Jghllg de ull

2v, A
V,l A
2
v, 2\
dliS Wl ¢l ggdl 08 & minll ¢ guall Usa lodic
A will (peilazll) dusolll bo « bl o

w2sall Jshll (0)
(B) Wavelength

2 5w LS (3)
(D) Both B and C

w91 1edXS (o)
(E) Both A and B

14. As an ambulance siren rapidly
approaches an observer, the
observer will perceive a

Clowdl 5l L1831 6l s osic
Bl 3N « Bl o dS sy

4 gall de s 8505 i 35l 8505
frequency increase due to a wave speed increase
4> gall 4o s o lesul w353l B5b 5
frequency increase due to a wave speed decrease
wgall Jglall 8505 casey 335l 8505
frequency increase due to a wavelength increase
w90l Jebll polisil caww 555l 850
frequency increase due to a wavelength decrease
o> 90l Jalall 85b 5 s 33l okl
frequency decrease due to a wavelength increase



15. What characteristic of a wave is
affected during the superposition
of waves?

deul
Amplitude

dosill

Pitch

3

Sl sl il il ds 0l dusls @b Lo
€ ls gall

35l

Frequency

w90l Jgbll
Wavelength

4> g0l do
Wave speed

Two wave pulses travel toward
each other as shown in the
diagram above. Which of the
following diagrams represents the
superposition of the pulses when
they meet?

17. In a standing wave, a node is the

position where

el Jslw sy (1)
(A) constructive interference
occurs
So.aill dodl (2)
(C) amplitude is maximum
z9w o X (D)
(E) both B and C

|

oS el lagesssy olil olimgo o licas Jiis
oo S .odel gulull awll gd 290 3

loric wlawll 8155 Jios 4l dull a 9.l
€ waibs

]

i

o)l ool b bssell 985 sl ol > goll o
W 3>y

Al Uzlx Casy (W)
(B) destructive interference occurs

z9lwe X ()
(D) both A and 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
with which wave

characteristic?

g0l Wl pailasll el w9 g
LgSglug

da.dl (1)

>3l (<)

ggall Jsbll (2)

d>g0)l de i ()

: Sl (@)

o Sb wgall 2o eg.all ¢ g b
Ca> 90l) § 5400

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?

3l 4l yoilosll J,lic! gé g
gS gl
de.dl ()

33l (w)

g=sall Jsbll (2)

> g0ll dc i (3)

Sl (@)

duo Sb £ 902l (309 Diiraasoll VY| doss bos i
Sz g0l § 5000

Which sequence correctly lists the
electromagnetic waves from
shortest wavelength to longest
wavelength?

b li209 ¢S > goll > uy Juadus S

Jsbl I ¢>90 Jsb il o s Sy
Cd> 50

il doi ¥l ¢ wis0ll e gl ¢ gl )l lsge
Radio waves, visible light, X-rays
ool s gl ¢ duipal dos¥l . gl )l wilsge
Radio waves, X-rays, visible light
gl do ¥l ¢ gl Gilne ¢ 0l s auall
Visible light, radio waves, X-rays
ol @lsge ¢ wisall el ¢ duisadl dosl
X-rays, visible light, radio waves
wisall ca.all ¢ gl )l Cilsge Al desl
X-rays, radio waves, visible light



21. An objectis 1 meterin front of a ygio 81,0 alol 3315 o 32y WlE Aws
plane mirror. The image is b 9.0l

bl 0dl QAls o 1 a0y wleg cdyglio cdy i
virtual, inverted, and 1 m behind the mirror
b1 jall alof yio 1 30y wleg cduglio it
virtual, inverted, and 1 m in front of the mirror
6_joll abol io 1 39y e cdllsion &y s
virtual, upright, and 1 m in front of the mirror
6l y0dl Qs o 1 2y wleg oo (s
real, upright, and 1 m behind the mirror
G loo e A
none of the above

22. Which diagram below correctly aswo JSiw s gs Sl absl golwl sl 33>
illustrates the path of a light ray o 1 dbiill o Jai SNl ol gloi ;Lo
moving from point 1 in air to Celadl 08 2 dbgill «J| elggll

point 2 in water?
1 ?
2 I
I 2 |
2

I |
‘-_\ H
H

! .

1 )

23. Which of the following is true ol el U3y loxic Bums (5S) w loo S
when light enters a denser Caglis il bouag
medium?

N 39« podin N« 3V
vincreases, A decreases, and nincreases
N Jisg  yoiy AV
vincreases, A decreases, and 77 decreases
QEVEVL IPRVEVR V- YL ST
vdecreases, A increases, and n7increases
N X509« yodsiy A ¢ y283V
v decreases, A decreases, and n7increases
N Jig « yoii N « gV
vdecreases, A decreases, and 17 decreases.



24. L

3 A
In the diagram above, a light ray elil £ 9.all glos Loy el wilwl Al o3
refracts as it travels through three o 23929 1 bilug @Y e dliwl
mediums: 1, 2, and 3. Rank ool ol SN o LSl Wloleo wii,
the indexes of refraction from
greatest to least.
N1> N2> N3 N2> N1 > N3
N3>N1> N2 N1> N3 > N2
N2 > N3 > N+
25. Atand beyond the critical angle, 49l 5l dgluo cguall bbgin digl 5 955 lorie
all the light striking the boundary g Sl e Al 8 Lo S| gl ds 5l
between two substances is oidle cw Jwolall sl
refracted reflected
absorbed dispersed
transmitted
26. The image formed by a pinhole | o l81) wasill uld | el gl il 6, .l
camera is oD (doslell

aunll oo S8y s> Ao
upright, real, and larger than the object
anll o 819 sl lg Ao
upright, virtual, and larger than the object
el o LSlg s (dyglio
inverted, real, and larger than the object
il oo souoly cdii> (4 glio
inverted, real, and smaller than the object
il o oly dusl il (dyslio
inverted, virtual, and smaller than the object

27. The type of lens that refracts a5l ginll £ gl ol Ll cais il duusel|
parallel light rays to the far focal o b, 84l dods W]
point is a

converging, concave lens
deo>0 Ud>o dwdc

converging, convex lens
b_eio 49,00 dude

diverging, concave lens



diverging, convex lens

584l ol a1 il decdl 9 SII clusell guos 5SS
All spherical lenses refract parallel rays to the far focus

28. Animage appearing on a screen o dalall We el will §,5.a]l
is
dlioeg dua> 4 gling dus>
real and upright real and inverted
dxigoy dusl 0l dygling dussl 8l
virtual and upright virtual and inverted
s34 o U
none of these
29. An image formed by a convex 'o® s b0 o digSall §,9.0)1
mirror is
dximo g Q>
real and upright
Qgliog duii>
real and inverted
dxign g dusl il
virtual and upright
dgliog dusl |

virtual and inverted

Llsell o g9l 138 alazinl 8,90 oS 3
No image is formed by this mirror

30. T
r 1
In the diagram above of a concave aun)l gy (5,20 81 50) oMel wlwl Al @8
mirror, an object is initially located oo lodic b5 guall ugiin &S 2 sic [isue
at 2f. How will the image change Cf 5,841 dodsi alsuly s

as the object moves toward the
focal point 7?

bl 0dl ue 22y Bl A2 515 s
The image will increase in size and move away from the mirror
bl all 9> axuisg axl 0 el i
The image will increase in size and move toward the mirror
5oall pe saiig )90l a2 Jis
The image will decrease in size and move away from the mirror
6ol 930 daaig a2l 08 8 9.0l pagsIL
The image will decrease in size and move toward the mirror
Sl wo e a4y Bt 6,50l a2 oy
The image size remains constant but moves away from the mirror



31. The bending of light around Gl g=ll Js= ¢ )l ¢ linil o
obstacles is called

LSl oSl
refraction reflection
Souall J= Ll
diffraction interference
wlbginl
polarization
32. If linear wave fronts are incident i d ol wle ddos @590 Wlosis culg 3]
on a barrier that has a very small daagll s o i wilsgall BB 3> 80
opening, the waves moving —_—_—me 9
through the opening will
become polarized
iaal g dbii die ol

converge on a single point
duos 4> 00 WlosdeS & il 09 oiis
continue moving as linear wave fronts
4> d> 90 wlodio JSuii
form circular wave fronts
lolos paedl lppsy galig alad JSaw Jslyi

destructively interfere and cancel each other completely

33. The shadow region associated ST Gl dows el Sl dilaio 9%
with diffraction is more Sy bxic 5asg
pronounced when

w2 0ll Jgall oo S8l gl o 50

a slit is narrower than the wavelength

w290l Jghll soluy il 4o,
a slit is equal to the wavelength
gl Jghll go Juliy L1 gl yo e
a slitis slightly larger than the wavelength
p=sall Jghall o wl o 3oy LSI Gl o,
a slit is many times larger than the wavelength
Gall yo,e wle Jbll dilnio deizs X
The shadow region does not depend on the width of the slit

34. Young's double-slit experiment ode My 295 300l Gl @ls gigy & 550 Cuond
provided evidence that light eguall ol
refracts reflects
Jis sl o 9 s
transmits acts like a particle

@ go0ll Jio 9 iy acts like a wave



35. Lightincident on two slits is used boi yo 0l i wle il ¢ sl alasiil Ai

to project an interference pattern o Bluoll 5L Say daladl e Jslx
onto a screen. The distance wle cdas o) will deblull Seadll 393l
between the bright maximums +ladey diladl

observed on the screen can be
increased by

vaadl lses yo Joiill wu,is
moving the slits closer together
voall sy oe oy Goiill el )i
moving the slits farther apart
desl gall ol Jes
making the slit openings narrower
usl gall ol Jo
making the slit openings wider
IW-A| BRI N IR
increasing the intensity of the light source

36. <
i [I*""'Hf i ‘

' ]

L -
Light with wavelength A is incident o wle by g gall Jobll 65 ¢ g.all
on two narrow slits spaced d boos gby . yio d Blusey piselio uins
meters apart. An interference uo Llinl sy wle g dali wle Jslaill
pattern is visible on a screen Sio X g@ dulill dellaoll dngll )l b gl . §gdcll
located L meters from the slits. wilbdl s )l b s 4058 sell dusall dsgll o
The second dark fringe is ol g JS oo dieoll e gall deal [ lus 2del
observed to be x meters from the o laadl 3,9 lado Lo .dulill dallasll @815l

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?

1.0% 1.5A
2.9x 25\
2.5d
3. y
e N

A polarizing filter is positioned as W adgn 9d oS Llbdind| a0 o9 AL
shown in the diagram above. € eg8ll wlage odel guldl aw )l
Unpolarized light waves are AS L ALS wull il sue Hei dilbdiuell

9% 5 3] alall DS oo £ 9.4l 950 siliss



38.

39.

passing through the filter with a8y X loaw X el o wlbiinadl 2 e
maximum intensity. How will the Zgy o950l Wl duailly i j0ll
light passing through the filter

be affected if the polarizing filter is

rotated about the x-axis while the

filter remains in the y

-zplane?

Lo, Jeloss Qg Lilil] suc s ill 6980l &S (A)
(A) The amount of light passing through the filter will gradually diminish.

il DB o 9.5 ST sy ) 55 90 Al Lilill 59y boric (B)
(B) When the filter has rotated 90°, no light will pass through the filter.

D= o ai gl caall @S wle Ll sl d ygS o @i el Lagvi (C)
(C) Rotating the filter will have no effect on the amount of light passing through it.
el ozl A wlbiiw Al olsil i (D)
(D) The direction of polarization will change to match the orientation of the filter.
oo B g A LeadS (E)
(E) Both A and B are correct

A prism disperses different colors &S oY egall oo dsliso Gloll | guindl cuiiy
of light because as each color of o Aliso ) giuell e i e el o 9
light moves through the prism,

each color has a different

doll Sl
amplitude energy
w0l Jsbll a4l
wavelength critical angle
il
oscillation
Light striking the surface of an )l b iy S 0l o880 of Sa
object can be
reflected scattered
polarized absorbed
lo 3> wJ| Seo 133 JS

All of these are possible to some degree



o)

A metal washer is a flat, circular dy_il> duideo deld e b, le duseall dlusl|
piece of metal with a hole through o 90 98 oS ¢ lphawg o8 il L dxlowo
its center, as pictured 03 (i il 9Saw [5lo el g8 5,900l
above. What will be the effect of Cdlusll

heating this washer?

b8 wle ol slil gab s s Sl sy X
No change occurs as the effects on the diameters cancel.

B bl [ lsio Jiswg (A Sball [lsio A8siuw

Diameter A will decrease, and diameter B will decrease
B _ldll Slsdo s> 509 A Lbodll lée (B85

Diameter A will decrease, and diameter B will increase
B bdll lsdo Jiwag A Sbodll lsde 55

Diameter A will increase, and diameter B will decrease
B lodll [lsdo 33509 A Llodll lado S juw

Diameter A will increase, and diameter B will increase

Which physical property affects Jaeo wle 585 waill il sl pailas)l wa b
the rate of heat transfer? ool Jlawl
sl ss0il Joleo ducedl 5,1 al
Coefficient of linear expansion Specific heat
Jlgaidl 8,1 > ol 551>
Heat of fusion Heat of vaporization
4,3l dulo gl

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?

slell @l ;) 48 o)l Bl bagio by S

wll dgio 4,5 50 o 5lE 51> 435 Luew
gl d> 3 100

Aol Wl 48 ol Blall b gio yolis| A
The average kinetic energy is cut in half.
Lot 48 o)l dlbll bouagio Jlby
The average kinetic energy remains constant.
V2 o Jil 48 ol @lall bawugio 33
The average kinetic energy increases by less than v2
V2 lsiins 48 ;2 @llall bouugio 31
The average kinetic energy increases by v2
S ol @l b gio dsc i Ay
The average kinetic energy is doubled.

A gas with pressure £, 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?

Zp
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?

duosill (1)
(A) Conduction
gl (2)
(C) Radiation

T 5,30 @55 V aaalls P lhaall 4 5le
15] &) v LSy il ghaal J3Is Jg 520
b olll lall b1 dn s cclas
bsaall od lod ¢ 5lall ane ciclas loaw il e
Sl

3

= p
2
3P

6P

b 32y iy GIEAN aSv0g Siluw b5 gloo dygl>
Sl guodl X sy 5,20 b dyglall Gl

loo 5,30l 2,15 JolSIb clggll s ~is bl
b>gl lgbginog 43l Jo> gl 9 ol S
ob bo . dyglJl sy Sladl 6,0, s gl |
850 & Aggumnll 5,150 Jas day b

Cdildl dp, ol dlall

(B) Convection
29l ladXs (3)
(D) Both A and C

z 9w ldds ()
(E) Both B and C



The specific heat of a liquid is / Je> 3000 g Jildl dcgill 551 2

3,000 joules/kilogram « kelvin. drglaoll 5,1 ol &S .88 » Al ;€618
How much heat is required to Ca il d> 520 Sl 130 0 233 5.0 g3,
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 [ Jg> 400 &lis ducgi i, > Led Lo dslo
400 joules/kilogram ¢ kelvin, a dinlS laail 5, ;29 (8lS @ Al 29l
latent heat of fusion of 2.5 x105 53 651539 wal 2 elS JS) g 2.5%105
joules per kilogram, and a latent o0 .al el K Jgs 10x105 gl dislS
heat of vaporization of 10 x 105 ale9lS 2.0 Ly aly oo due 4l Jal
joules per kilogram. In order to oo Jg> 5.0x105 8ls| sy bsloll 03 o
melt a 2.0-kilogram solid sample G510l
of this substance, 5.0 x 10° joules 033 wgdi lodic bl ol dx 50 w8 el s3>
of heat must be added. Determine al ,eelS 2.0 leise &l will diell

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

0K 312.6 K
625 K 1,250 K
2,500 K
When two systems are in thermal &0 S, osle dls wd ol (9S ledic
equilibrium with each other vl logsoy

duaasiall 5,150 dsL 65 Alaill ol oo Nl 5,10l oy g8 alaill oo b1 3l @i ()
(A) heat flows from the system of higher temperature to the one of lower
temperature
5,150l d s el Alail Wl duwassiell 5,150 ds s 9b albil o §8nn 5,1l Jes ¢Ses (W)
(B) heat can be made to flow from the system of lower temperature to the
one of higher temperature
w9l bads (2)
(C) both A and B
Slo 1> @iw sl ey Y ()
(D) no net heat flow occurs
3w i e X8 o Ul (2)
(E) None of these is correct.



9. A gasis sealed in a container that Ak oloxs b 4gls b PN Ko ;L)

has fixed walls. The container is >3 B3b wdl 34 oo dglall pusuis A0
heated causing the temperature to Cad 0l B,le ST .cub Jamas 5,1 3]
increase at a constant rate. Which Cdoumun

statement below is NOT true?

b Jaeny el Gliy 5> AC s bouugio 3135 (1)
(A) The average speed of the gas particles increases at a constant rate.
gl ey lell Gl ) 48 o]l @loll baugio 315 (W)
(B) The average kinetic energy of the gas particles increases at a constant
rate.
b daeoy slall wliysa) ol Slbll sl 3 (2)
(C) The heat energy of the gas particles increases at a constant rate.
b Uaeoy lell e Sy 5 (3)
(D) The pressure of the gas increases at a constant rate.
Ao Gl kel K (@)

(E) All of these are correct.

10. Several materials along with their 5,953 S, 1l duogill go slgall (o el

thermal conductivities are listed S Jsioll J39) masiasi of ey slo Sl Lol
below. Which material should be

used to insulate a home?

@l )l Concrete, A= 0.800 W/m « K
dsl> )l 3l gdl Glass windows, A= 0.750 W/m « K
ol Fat, £=0.210 W/m« K
sl Feathers, A= 0.040 W/m « K
clggll Air, k=0.026 W/m « K

11. In an isothermal process Jlo_sig yl duloc o8

o b5l ds s
the temperature is zero
580 Sgluy axall ues
the volume change is zero
D80 Jgdaoll Jsiull
the work is zero
Lo d8laall 6, I
the heat added is zero
oo 9d dusial dslbll e
the internal energy change is zero

12. In an adiabatic process, there is 390 %« lilusl ddoe o
no
ball g i
change in pressure
A3l 8

change in volume
6,15l 4255 8 s



change in temperature
dudsla)l @la)l o8 e
change in internal energy
el 51 of @@Ll 5,1 4l
heat added or removed

13. The first law of thermodynamics is ool 8 98 dp,l,al Kaoluall Jo Xl sl
essentially a statement of ol
Lol 6l >l Jlsl
entropy heat transfer
Bl s> ol adl dslall
conservation of energy thermal energy
duxla)l dslall
internal energy
14. During a thermodynamic process, Js> 500 @l A @l > dSuoliud dides ¢ L
500 joules of heat are removed Je> 300 @lal Aiy Loy 8l o 5,10l o
from a gas while 300 joules Blbll 8 il Slsio o . lell e Jaidl o
of work are done on the gas. du= 1yl
Determine the change in internal
energy
-800 J -200 J
800 J 200 J
0J
15. During an adiabatic process, the Slal) dusIs)l dslal sls 5 « dulsl o ¢l
internal energy of the gas risusws Wl ol Ll Sl . Jss 1600 lsse

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

bl dx s M 59 lell We 1600 J Jois Jsw

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

il ds s sy 5ig «lell dowl gy 5ai Jecdl (0 1600 J
1,600 J of work are done by the gas, and the temperature increases
6ol ds oy passig « lell e 1600 J e S iy
1,600 J of work are done on the gas, and the temperature decreases
55l ds s paesiay (lell dowl g i Jeidl e 1600 J

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

oall ds s als i« lall wde Jris Sl dog i A
No work is done on the gas, and the temperature increases.



16.

o

18.

19,

20.

During an isometric process, 450 joules u)IPJI oo Jo= 450 dll &« Jlo g sl didec e lisl

of heat are removed from a trapped gas. s 05 allill vl lmll Slxs . Jgseall 5lall o
Which
statement is true?
sl slall e
The volume of the gas is increasing
vedliy ;] ame

The volume of the gas is decreasing
slall 6,05 ds 5 sl ;i
The temperature of the gas is increasing
The temperature of the gas is decreasing

Jo=> 450 = Jaull
Work =450 J

A heat engine operates between 25°C s> 100 g dygio d>,5 25 G Sl sall oy
and 100°C. The theoretical efficiency is Ly i g el 5elis)] . dygi0
most nearly

10% 20%

50% 70%

80%

A heat engine absorbs 160 J of heat and J 120 z 300851 all 5o J 160 S, )l & adll Loy
exhausts 120 J to a cold reservoir. What is Cel sl 13 5eliS b o 5,0 o 53 Wl
the efficiency of this engine?

25% 40%

50% 75%

80%
The entropy of isolated systems dlg 520) dobiiX Ly g il
5o S gl g
Is zero Is one
poilis Bt b
decreases remains constant
increases

Which of these is a consequence of the Sy, ,nll Kaolinll (il 9ilil) dsii 30 o S

second law of thermodynamics?

Wils dg 500l dalaiXl Lug il sl 53
The entropy of isolated systems always increases
Ul gLl oo 651l @95 goulal| ol
The natural direction of heat flow is from hot to cold
&@lo)b 100 dpais Nlod (68 ol S, om0 SN Sy X
No heat engine can ever be 100 percent efficient
Joeil alhill 2,15 o b 4,1l dsuaall il
A heat pump requires energy from outside the system to operate
All of these



Adding extra electrons to a dsleio 5,5 WJ| ddls| wlig S| éls| (e i
previously neutral atom results in

M3 oic w20 ol
a new element a positive ion
Ll 0 w90 i
a negative ion a positive isotope
Al b
a negative isotope
Two identical conducting spheres are disii Jo=i S uad | §,81 . o Wilaio g 30 Mo go
initially separated. The left sphere has a 2 + diziy Josi wied| 5,91 loiy «aglgS 3- b, lxie
-3-coulomb charge and the right sphere ool lgans puali of drg,SI alus M 2o ,-,9195
has a +2-coulomb charge. The spheres wle disill £9ig SlNin bo . lglod Ay A 8,008 § i)
are allowed to touch each other briefly, S sl 5,81

and then they are separated. Determine
the charge on the left sphere

_lC - lC
2 2
+1C =1C
0C
=
= +
A
An electron is located between 33 oS cugniin gl pw w9 32
two charged plates, as shown in albell Sl sas odlel wolul awll w8 290
the diagram above. Which [ e o8Ss il

statement below is not true?

ool 920 DLl o 3l) wibLeS)l Jlall
The electric field of the plates is directed to the right
sl o blall gio> 08 ladoll Guts Al g 9ll wili 4S)l Jixoll
The electric field of the plates has the same magnitude at all points between
the plates
ool 92 980X e 8580l dwilyeSll B9l ol
The electric force on the electron is to the right
ool Sl Wl day vz b o9 802 g, b ¢9Sum
The acceleration of the electron will be constant until it impacts one of the
K plates
212l s abiiio il Jbe 329

A uniform electric field exists between the plates



A proton and an electron are @9 o sSudl o 9 SS2l g gig Al G| ai

released from rest in the same ol pesil . Abiiall @b Sl Jlswll Guss
uniform electric field. Assume the log9y 80 980219 g9 4l Jelai X
proton and electron do not interact & ki g0 di,Eall « 959 4l &5 luis .yl
with one another. The 98 (9 58X

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

o0l g ladall Cus o egnid] uss

the same in both magnitude and in direction

ols0d| 8 uSloog S lndall s
the same in magnitude and opposite in direction
015031 o8 uSleog lsiall @ LS
greater in magnitude and opposite in direction
oLl Jusig lasall o i

less in magnitude and the same in direction
ol Nl w8 S lang lssoll b il

less in magnitude and opposite in direction

Two patrticles with charges Q and Josi S .ol 8l 2Q ¢ Q wlsiw glowss
2Q repel one another. How does di,lie Q disuidl (Sd arandl wle duily gl §gall
the electric force acting C2Qdill aranll e b 5580l b48)l
on the particle with charge Q

compare with the force acting on

the particle with charge 2Q?

2Q 4l wle b 580l 55811/4 oo Q disudl e 65530l 5 il

The force on charge Q is 1/4th of the force acting on charge 2Q
2Q @il e b 558l 53811/2 Soluss Q disudl wle b 5540l 564l
The force on charge Q is 1/2 of the force on charge 2Q

2Q dnadl wle b 580l sl s g Q disuidl wle b 5 8ell 59l

The force on charge Q is the same as the force on charge 2Q
2Q dnzll wle b 5580dl 598l o e Sl Q 6558l 5gall
The force on charge Q is twice as large as the force on charge 2Q
2Q dinall e b 5580l 558l o Wle gLl ST Q disill we 55580l §all
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 dg p9lsS 3.0 1o disis dl >
coulombs and a mass of 2.0 5 g SNl o eSIl Ul lado 339l LAl 3908
kilograms. Determine the Al 138 e g YT l58ay 568

maghnitude 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 4.0 N/C
8.0 N/C



10.

The electric field of a charged
sphere has a magnitude of £ata
distance, r, from the center of the
sphere. How does the magnitude
of the electric field at a point that

is % r from the center of the sphere
compare?

M=
m

wle E lsio d digouindl 5 SM gu_eSIl Joall
olasio ol &S 5SS 50 o 1 dSluo

5550 0o 5 1 1l o 3ic <)l Jial
R4

4E

4 B

In the diagram above, two point
charges, —q and +2q, are held
stationary. Determine the

approximate location where the electric
field is zero

A
C
E

In the diagram below, two negative
charges, 1 coulomb and 2 coulombs,
are initially separated by a distance of 3
meters. The electrostatic constant is k =
9 x 109N+ m2/C2

e =} (=) 3C

Determine the electric force acting on
the 1 coulomb charge

0.33 x 10°N
2x10°N

90 ¢ b oing i &b« 0lel wildl pu )l o8
el Jlsell 5% m ona il ghsell 23> 42

o

1 ¢ ol g Lo 25 ¢ obisl waludl sl 08
culil] . il 3 dlusas Alsl 0 ¢ aglsS 2 g asleS
k=9x10° 9 Sl g KX
N+ m?2/C?

{=) 2¢

e =)

pslsS 1 dinis wle 55530l @3l g8l 5gill laio 3]

1x10°N
6 x 10°N

18 x 10° N

In the diagram below, two
negative charges, 1 coulomb and
2 coulombs, are initially separated
by a distance of 3 meters. The
electrostatic constant is k=9 x
10° N » m?/C?

The charges are released and
begin to move. Which statement
regarding the force, acceleration,

ol iy Juod 2 < obsl ol sl o9
-.)L'i°i3"’3Lu-'-°-! Glsll 09 < a9lsS 2 5 a5leS 1«
90 (0S5 g LS Ul

k=9 x10°N * m?/C?

1C - | it

Sl e sull 8 wivgg lisadl 21w §)b|

& oluilly Bgall Wlgmio yoguazy §)le
Culoul sdgd dduns dc ullg



and velocity vectors is true for
these charges?

Acull Jisg & 5Ll 3509 (Bodll 51335
Force increases, acceleration increases, and velocity decreases
ac yull 315559 & 5Luidl 30509 Dgill Sl 5
Force increases, acceleration increases, and velocity increases
dc yull Jig g ludll Jig dgill Js
Force decreases, acceleration decreases, and velocity decreases
el 3319 (g ol Jing <Bodll Ji
Force decreases, acceleration decreases, and velocity increases
Al Jisg g buill 3509 sl Ji

Force decreases, acceleration increases, and velocity decreases.

11. Two charged plates have a charge Jooso « 2998 3.0 dicui logd ligmuie ol
of 3.0 coulombs, are separated by o8 12 3gs 3,9 Lo ¢ aw 10 @liay
a distance of 10 centimeters, el o wuseSll Jbwell lsio 3
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 V/m 40 V/im
120 V/m
12. Two charged plates have a charge oo « n9JeS 3.0 din log) Hlgmuino ool

of 3.0 coulombs, are separated by o8 12 3> 5,9 g ¢ aw 10 d8liuny
a distance of 10 centimeters, ool dow lsio s>
and have a potential difference of
12 volts.

Determine the capacitance of the
charged plates

0.25F 0.50 F
18.F 25 F
36 F

13. Two charged plates have a charge dJonto « 29J9S 3.0 dinz logd lgouie >l

of 3.0 coulombs, are separated by g8 12 3> 359 g ¢ aw 10 d8liuny
a distance of 10 centimeters, oo alll o & sisoll @lall lsio s>l
and have a potential difference of

12 volts.

Determine the energy stored by
the charged plates

2J 6J
12 4 18 J
36 .J



14.

15.

16.

12V
ov
2.
The electric potential for a region w3 sLadll o9 dibial (Sl _gSdl 22l gl
in space is shown in the diagram Sl 55kl oo o .0del gulll Al
above. Which statement is
correct?

+x 01503 3 4390 wili_pSIl J sl
The electric field is directed in the +xdirection.
-X 020l w9 4 g0 wil_eSll Jlll
The electric field is directed in the -xdirection.
+yobul o8 b oSl Joall 4 g3 i
The electric field is directed in the + y direction.
-y ol @ 4> g0 iligSUl Jnall
The electric field is directed in the -y direction.
3] s 5% ¥ 32l s e il a
The diagram is incorrect. Potential is never negative.

A 1.5-coulomb charge with a mass dls o8 a5 0.50 LiliS agdoS 1.5 din
of 0.50 kilograms is initially at rest. w9 io 2.0 & o ddb| Ai . Lidwe 95w
It is released and travels 2.0 o JSJ 8 3.0 Ao ol eS I
meters in a uniform 3.0 volt per 03 ¢ il disall wle Jgsandl Jozdl lado Lo
meter electric field. Cas_ o)l

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 dls g8 a5 0.50 LilS agdoS 1.5 dinuz
of 0.50 kilograms is initially at rest. w3 o 2.0 Jai adlb| Ak . Lasw 98
It is released and travels 2.0 o JSJ g8 3.0 Abino ol eS I
meters in a uniform 3.0 volt per il g lodic dinill dc s lie bo
meter electric field. 20m

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

3.0 m/s 6.0 m/s

43 mis 6 V2 m/s
12 m/s



11

18.

19.

20.

Four charges of equal magnitudes R0 8 dii,0 @ gluio ulio wild Wlin g,
are arranged in a square, as el wldl aw)l o8 2uo90 92 LS
shown in the diagram above. S0 b gl o)l P il sie doumwo G| Sl
Which answer is true at point 7, Clowall gl
which is located at the exact

center of the square?

Ex0and V<0 E#0and V=0
E+#0and V>0 E=0and V=0
E=0and V>0
A conducting sphere with a mass B_lsio dinuing al ,>9lS 2.0 lgilS dngn 5,8
of 2.0 kilograms and a charge of lgic s 339l . Lonao 95w A1> 08 2gJeS 1.0
1.0 coulomb is initially at rest. g8 16 0,08 ng> G, Lgoy juis o

Determine its speed after being
accelerated through a 16-volt
potential difference.

2.0 m/s 4.0 m/s

16 m/s 24 m/s

32 m/s

A capacitor is fully charged, and o0 Jead aing JolJL Ggmuino aSall 550
the power supply is disconnected, sl iy . bolos &S0l J e Wl Sd4y Lo (d8lall
isolating the capacitor completely. 13 e @iv .l

The plates are pulled apart. This
results in the

g2l )3 b5 9 deudl Bl

capacitance increasing and the potential increasing
32l 3,9 y2dling deudl B5b ;5

capacitance increasing and the potential decreasing
51350 33l 5,399 (o8l dedl

capacitance decreasing and the potential increasing
g2l 3,8 yailing deudll Al

capacitance decreasing and the potential decreasing

321 (3,9 ol Al (98 5145 3200 X
no change to either the capacitance or the potential

A capacitor is connected to a battery JollJl oo adg o V dg> wlb 4, by Juoie LiiSe
with potential V, and is fully charged. &@unl |
The distance alll 18 ¢ ey dsyiig e lai EiSall 2lgll u
between the plates of the capacitor is Al gy & 330l
doubled. As a result, the energy stored 9 LiiSo
by the

capacitor is

aloNl lgind 00.25



0.25 of its original value
dlodl ind 0.5
0.5 of its original value
o3 lging yuis
the same as its original value

ol lgind vo iy Sl
2 times greater than its original value

dl o) Lgind o LS @l 0 4
4 times greater than its original value

21. refer to the following diagram.
=20

AA"AY

Ri=40Q

—AW— —

4V

[\
[I
What current will flow through the

4 Q) resistor when the switch is
closed?

0.5A
20A

22. referto the following diagram.

Ri=20

M

Ri=40Q

—A—" —

av

[
ll

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

40
L6
2

N ol a )l ol Teliy

R=20Q

Wy

Ri=40

—AW— —

[ IJ\'
]I

5Ss bsie 4 aglioll Ds @83 s3I Ll o
¢ lao 2 Lisall

1.0A
40A
16.0A

W ol a )l e Teliy

Ri=20)

W

Ri=40

ANt ]

4V

|
]I

550 losic §,ilsl) @i8lKall doglaall lsdo o
¢ Elso 2 bisoll



23.

24,

25.

refer to the following diagram.

=20

M

Ri=40

A A i

av

[
|I

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

1W
10W

refer to the following circuit
diagram.

LAY

What current will flow through the
4 Q resistor?

0.5A
20A

refer to the following circuit
diagram.

LAY

What is the voltage drop around
the 4 Q) resistor?

2V
6V

W ol Al e Teliy

R=20

ll-l\'
o554 bsic 55151 (08 Briiandl 5,581 las Lo
Clso 2 Lisall

4 W
12 W

Ul 50Nl abase wle Tely

Ri=2Q

[IAY%

4 agliall M §93ise SN Ll Lo

1.0A
3.0A

AUl 508l abase wle ey

Ri=2Q

10y

4 agliall U5 g3l 08 LalisaYl lsso bo

4V
8V



26.

27.

28.

refer to the following circuit AUl 1 bblase wle Tely
diagram. 2

([IA'%

e dubi 2 s sxJginll @5l ,all d@8la)l lséo bo
How much heat is generated in 4 Lglinll 08
the 4 Q) resistor in 2 seconds?
8J 10 J
16 J 20J
32 J
refer to the following circuit AL 6l alase wle Tely
diagram. Ri-20Q
|‘ Ri=40
e JS 4 agliall DI 3asisedl 5,58l lsie Lo
How much power is dissipated in Cduli
the 4 Q) resistor each second?
8W 10w
16 W 20 W
32 W
refer to the following circuit Al 5081 blase wle Tely
diagram. r
i a9l 2 aglinll s 2gadl 08 Lolasidl S lo Lo
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 ol @loll 5Ly dlsio olsl dusg0ll il ol
connected to power sources that V oSl g8l sl juss 845
provide the same electric potential
\"

Caillall o 38 ST 335 Bguw il gall o S
Which of the circuits will dissipate

the most power?

v
6,0l o sl s agio JS 330 B9
They will each dissipate the same amount of power
30. The circuits shown below are il o)l slons dlusio obsl dusgell il gl
connected to power sources that V wilbeSIl sgall puss S84
provide the same electric potential
\"

Il

1T

1

w




a1,

32.

33.

Which of the circuits will have the 6V oosga)l st b oS ilaal o Sl
same voltage, V, across each one Clgiloglio o 819 JS
of its resistors?

1] | and Il
lll and IV
A wire carries a current out of the a Sl dsaall 25 Ll Jaiy s L)
page. Which diagram below Jall Clo auss S oy sl gl
correctly describes the Celld) b ligoll

magnetic field of the wire?

©)

WD au) 229 3
None of these

A wire carries a current, |. At a Jbwall lade or ddlae wle .l 5L Jesy el
distance of r, the magnitude of the o bl e JS el B LB b lisll
magnetic field is B. If both the Jall laie 6 ¢ el o d8luoll g Ll
current in the wire and the ‘Joley sy guwbolisol|
distance from the wire are

doubled, the magnitude of the

magnetic field changed by a factor

of

i 1

4 ]

1 2

4

Which of the following fields S o s 4Say ¥ W A lsall o S
CANNOT change the speed of the Cdlo IS wo ade bl xSl Al
object that is acted upon by daliio]l dusla)l Jlw |
each field? dolainll duil_gSIl Ll
I. Uniform gravity fields dolriiell duawbligell A sl I

Il. Uniform electric fields
lll. Uniform magnetic fields

| only Il only
[1 only | and Il
Il and I



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.

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

......

+X
04

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

Iy
<:L—,u
= s 9

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

magnetic field?

¥ oy * = *
G—> &
. s e »

W V S s & o gl q ALl Al
o8 B labiio [uwbliso oo J3x +x0lul
ol sl 8 e 38 LS . 42 ol

.obsl

L.

Gl wle 5 580ll duublisell 558l ol o
s lisall Jiall g8 U3 ool daslll g
To0 Joi

4
+FZ

W V S sy & o gl WLl Al
o3 B labiio Luwblise Ao J3x +x 0ol
] sl 8 3050 38 S o+ ol

.obsl

o Josi il dgdslisall 558l laio ik &S
Cowubligall Jlsall diclany disdl

9 v e » ®
EG—> B
- L] L]

dlodl Lgind 0.5
0.5 its original value
o)l Lgind puss
the same as its original value
il i Bion A&l sl
V2 times larger than its original value
Wlol Lgiod o w0y S
2 times larger than its original value

Qo lgiosd wo il 50 &’.)LJ .HSl
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.

W V S sy & o gl WLl Al

o B lakiio Guwbliss Alsoe J35 +x ool
wilidl aw )l 08 2590 90 WS ¢ +z ol
.obsl



How is the acceleration of the
charge affected by doubling its
initial velocity?
Aol Lind Cis
%its original value
Ao ¥l Lgiod yuis
the same as its original value
ol Liosd oo LSl e V2
V2 times larger than its original value
Lol Lol o o 00 LS|
2 times larger than its original value

iloXl lgind uo il e 2LL S
4 times larger than its original value

37. 5 Jrx - e S B
x X
* X
S X

X X x X x

In the diagram above, a loop of dlogo Blo oo dils g9 ai el awl o
conducting material is placed into 08 Sl ey Aie w3 uadbliss Jlse w8
a uniform external magnetic Jall osSug ddall ue deldl o) lic ol
field. A current runs clockwise —Z o5l 08 g ligall
through the loop, and the wd dilsJl wle b y58all el (9
magnetic field is in the —z-

direction.

The force on the loop is

dalall youlis wle Jasyg Al S o ol
toward the center of the loop and acts to shrink the loop
Gl gragi wle Josig ddlsll S 50 (o i
away from the center of the loop and acts to expand the loop

+zols0dl w9

in the +z-direction
—Z okl ¢

in the —z-direction
Sball ool w8

in the direction of the current

1 A »

Two parallel wires carry currents L0 s g8 Ol bl gie oSk Josy
in the same direction, as shown in elldl .o)LciJ_s_uL_gJI paill 08 D90 9B oS
the diagram above. One wire 150 a0 oy 53319 ¢ Lawol 2 15l 4y ey Jod
carries a 2-ampere current, and




the other carries a 1-ampere Al e Jows il duudslisoll 5l . uol 1
current. The force of magnetism wd 1A
acting on the 1 A wire is

DLl wsiig 2A alldl wle 55350l 593l Cias

half of the force acting on the 2 A wire and the wires attract
Dl ilisg 2A ellll wle 65380l 98l as

half of the force acting on the 2 A wire and the wires repel
DLl g 2A dldl wle 65580l 593l s

twice the force acting on the 2 A wire and the wires attract
¥l ilisg 2A ellll wle 65530l 598l s

twice the force acting on the 2 A wire and the wires repel
DYl aziig 2A aladl e 555 60ll 698l s

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

39. A rectangular loop of wire is Jbw 0lib & o el (o ddoise diil>
moving toward and enters a 98 loS (dil do juw aAlxNig Cub b ligo
uniform magnetic field at constant o il b obsl gl a8 s 0
velocity, as shown in the diagram o9 oYl Al 1m0
below. The loop is shown in two bolas o8 dulgl Al dduall b gl
positions: initial conditions in .debgio
solid lines and final conditions in X X X X g
dashed lines. [ i. B B X%

% X 6 di T Ik P x:.-x--)
B x xix X x X x

o8 s goll & all dsumnall e 5 ,Lell Lo
Todaidasill au )l

Which statement is NOT correct

for the motion shown in the

diagram?

Buli ssdo ligall 0530l o, 9S0 <LedoSL 4S ,3J el
During the entire motion, the magnetic flux is constant
Jlll dalsJl Led Jss il dlasll o el gwadbs lisodl g8l s
Magnetic flux begins to change at the instant the loop enters the field
emf 598 wilss] Jal o @il 08 L oJl dsls Jld
A change in flux is needed in order to induce an emf
diloo Jogs dil> wd emf 558 clas] wew o elis] Ul oo
In order to create a current, an emf must be induced in a closed loop of
material conducting

g o dalsJl b 2l 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.

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

Bly
R

BLY
BLvR

Jbw ol oo Ll e dldasiauo dil>
98 bS b dc oy dsyig cub guubliso
o dilall gk obsl goludl a8 2B90
R APY (T[N [ERIYYS

bghs 8 dylgdl dlsllg dilall bghsl

oulade 980 HLi il led i il 88l (o8
] lslsn

BLY

(BLY)?




An alpha particle is the nucleus of

which atom?
14 3 5]
Carbon-14
aohigll

Helium

The Rutherford gold foil
experiment demonstrated
l. the plum pudding model

Il. atoms are mostly empty space

lll. electrons occupy specific
energy levels

In the Bohr model of the atom,

|. electrons occupy energy levels
with exact quantities of energy

Il. the photoelectric effect is
described

lll. the absorption and emission of

light spectra are predicted

Use the energy level diagram for
the atoms of a substance to
answer the next two questions.

ItV cmcccacca==

=leV -
2eV n=3
eV
eV n=1

e bl 5 93 (] apan

w9 ohll
Hydrogen

?&Pl)_}!“
Uranium

Plutonium

gl G0 5599555 4,20 bl
$99,4l Syl> zdg0s |

e, doluo )l @b wd wl AL
diyso dilb Olygioe wlig <X Jiss W11

Il
| and Il

oM 9 zdens

8530 ilweSy d8lb uligine wilig SN Jisu

Blall o

s eS8l bl gy I
¢ 9.8l Gl wilawly yoluiol gig xu Il

I
| and [l

83lall ul ;N d8lall S givuo blnzso Al
JIguadl e 41500

Slasl e g Sl g3 N Jlinl 5o Lo
Sansn Jsbol 4 o gigs



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 3kl il [ d8lall S givun olozo il
the atoms of a substance to Jl gl wle 41U
answer the next two questions. | - . e
e 08 S Jai lovie 2ol oasill 33,5 90 Lo
What would be the frequency of a n = 4l dJl ol n =4 @Sl disJl o
photon created when an electron 82

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

h h
5 4
2 4
n n
5
n
The photoelectric effect provided ol e G0 Yls wigwd g 1eS)l Solill 2
experimental evidence that light ¢ 9.l
Q> 90 duols d b H20uun 4> 90
has a wave characteristic is a transverse wave
s o o Aladg sly S Ussp ol (Sou
can diffract can constructively and destructively
interfere
Gogu> duols 4
has a particle characteristic
In a photoelectric experiment, the e 9l 33 5 85l At Auigd 9 48 L0 08
frequency of light is steadily Camwo e bl 5,le Sl . oo JSiw

increased. Which statement
below is NOT correct?

@lig 8 ol o ¥ sl 355 93
Below the threshold frequency, no electrons are emitted
Wl SI3l e ull 3355 998
Above the threshold frequency, electrons are emitted
diowinl|l Glg, KA @Bl 8505 Wl 9.l 5555 65L 5 Sy g5



Increasing the frequency of light increases the energy of the emitted
electrons
g0 9_reSdl sl 0 sgall §,8 8L ol eguall 33 55 iob s Saw
Increasing the frequency of light increases the potential difference of the
photocell
Canianl | Ll 8505 o )l 35 55 Bk Sd 8
Increasing the frequency of light increases the induced current.

In a photoelectric experiment, the Sy e 9.l B 3> 5 (A gub g S Ao 08
intensity of light is steadily Sasall gd olisl §,le Sl .5 o
increased. Which statement

below is correct?

Al g 3,8 6505 Wl eguall Bz ish Sy sl 35 G
Above the threshold frequency, increasing the intensity of light increases the
potential difference of the photocell.
ieuiall Wlig S a8 aJl @b 3L Wl gl o3 8305 Sod cduindl 5> 5 s
Below the threshold frequency, increasing the intensity of light increases the
kinetic energy of the emitted electrons.
iguiell Wlig S a8yl d8ls 5L ol e 9.l b B3L 5 Sy g cduindl 5> 5 G99
Above the threshold frequency, increasing the intensity of light increases the
kinetic energy of the emitted electrons.
oiwol] Ll 8505 ol e gl ai B5L 5 S 8u duindl 33 5 sy
Below the threshold frequency, increasing the intensity of light increases the
induced current.
oiaodl Ll 85b 5 ol gl Bai i5l 5 Sy gs duindl 35 5§99
Above the threshold frequency, increasing the intensity of light increases the
induced current.

The graph below depicts the Souail| 48 o)l @llall olisl gildl a )l 2
maximum kinetic energy of dulog) 55 ill dlIsS diguinll iy xiSIHU
emitted electrons as a function of g9 ,eS

frequency for a photoelectric

process. ) /
Kunex 0F
e / 3 ftz)
ot

What does the slope of the
graphed function represent?

C c9.4)l dc eV g9 9 xS
Speed of light, ¢ Electron volt, eV
h &b b V ou SUl sl
Planck’s constant, A Electric potential, V/
A co>g0ll Johll

Wavelength, A



10.

Ul

12.

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

fiHz)

Determine the work function, , for
this metal.

h

fo
V2 hfo

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

Sauail 4S5l @lall olisl oildl sl 2
dulol 5> yill AIxS diowioll lig ;KM

5959 545

(V) /
ol

fo FiHz)

€ onnoll [sg) Jall s lsdo Lo

hfo
fo

a0 JSin sl Slopll i 4] Sl
Cals ol | LSl oo il

liy e = Wl g <98l <939 0 <pgi08 _
Neutron > proton > electron > alpha particle = beta particle
098 <p9 a0 <ugio <l ppux <ldl pp
Alpha particle > beta particle > proton > neutron > electron
liy g <0958 <wosiop <ogios <l ape _
Alpha particle > proton > neutron > electron > beta particle
by ppu = 9,88 <ugisn <o9sign <l ppu _
Alpha particle > neutron > proton > electron = beta particle
iy ppa <lill g <9, <950 <9 50 _
Neutron > proton > electron > alpha particle > beta particle

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?

o0 S5 bles o Bl A 21,3 A
5,3l bl 8 el Chny ddlill LY

90 oS @Sl 28,01 iy 1 5oy S, 2l 55
The atomic number increases by 1, and the mass number remains unchanged.

A S lsiay oIS ssell Jisg o 1 lniey SHN 33l & 5

The atomic number increases by 1, and the mass number decreases by 4.
2 iy il sxll sl 509 1 S l8iay S anall 5y 5

The atomic number increases by 1, and the mass number increases by 2.
A iy @il sxell sl 509 2 5 l5iay S el Ay 5

The atomic number increases by 2, and the mass number increases by 4.
A iy IS x| Jisg 2 1560y SN saell (oiiy

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



13.

14.

15.

16.

A nucleus undergoes a Sogill Jelill ausi of wo Jill bl gill guass
transmutation from %33Po to by Guinial s> Syl
become %3:At The nuclear

reaction that has occurred to

accomplish this is

Wi glel alpha decay liw ¢ lezl beta decay
bl> glezl gamma decay sl fission
zloxdl  fusion
E———

The product of a nuclear reaction Ll cwsnie gl ow Sesill Jeladl 206 e
passes between two charged w3 @5 goll & 2l GUL izt Ul o
plates. Which of the following Codlel wuludl Al
entities would experience the
motion shown in the diagram
above?

liw > Beta particle ~wssll Electron

wsi9g s Proton c Wl s> Alpha particle
lol> dezl Gamma ray

A radioactive sample with a half- YY) ,..L;_i 3 &lu oi ooy deius due Judsi Al
life of 3 days is analyzed after 15 wo s 535 duiioll deiuoll lgall duS .logs 15
days. The amount of remaining buis o dulo il digell

radioactive material as a fraction
of the original sample is most

nearly
al; 1
32 16
L L
8 4
X
2
A radioactive sample with a half- 4 gly s jee Ol deiue due o Llas] &
I1Ife gf 4 da.ys |s_d|scover<_ad to have S ol dianll Lgslo o %d\_j_c 53_@ =
- of its radioactive material Do) duell Lgd s o5 il ALY s3e
remaining. How many days has Coclos

the sample been experiencing
radioactive decay?

4 days 6 days
8 days 12 days
16 days
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18.

19.

20.

21.

Which of the following is an 2380 saciel) b 93 Wl o U
isotope of 235U

= e
23982U o2l h
Which statement regarding the o Sedlb dileioll g dousus usll b ,Lell 0 Lo
forces in the nucleus is NOT ¢ bl gill
correct?
_The strong force attracts protons to protons.
S,3dl wligyigulle wligiodl yo JY whigyigull Wi dyaill bl
The strong force attracts neutrons to both protons and other neutrons.
il g8l dill 4o Sodl baunidl dill (9S (b i ©Bluall &9
At short distances, the strong force is stronger than the electric force.
g ol lls iyl il co S ol Cia il ] o 3l Lol
Adding neutrons to a nucleus adds to both the strong force and the electrostatic force.
B iiwe e Bloill @uai Jiodl ol 2,15 wligig | ol wlig yigull duw gii lexic
When the ratio of neutrons to protons falls outside of an optimal range, the nucleus
becomes unstable.
How many neutrons are liberated delsill DB B 0 &5 waill wlig sigull sac S
during the following nuclear Sodlill S99l
reaction? %EU + ;]m — 22 Sr +1'Eff Xe+ ? (},n] + Energy
Ec.;:U + {]. n— 33 Sr 4-!"5‘3 Xe+ ? [:11 n) + Energy
1 2
3 4
5
Categorize the following nuclear ol Syl Jeladl s
reaction: 11H + fH —> ;HE‘ + Energyv.
%H -+ %H —> _%_He + Energw.
Wi glezl alpha decay liw g lezl beta decay
bl glezl gamma decay Slbisdl fission
zloadl fusion
A spaceship leaving Earth at a 0.95¢ dc o3l ol elad diggan
speed of 0.95cflashes a laser il o3 Wl [Sile 5 glas pon s
beam back at Earth. An observer ool g leis de s Uovaisas 2,31 e (B el
on Earth will register this laser Sylui Ll
beam as having what speed?
0.05¢ 0.5¢
0.890¢ 53

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?

aoly . Culi WSl 50y 505 0.99¢ dc juu dilad 4 50

dcldl ey yognss Ollas Yo Jasy cutil Ul all

iy «dpladl &S soll Jgbg ilal &S ol wle

Sy s ol Mall oo dcgame i asladl &S 50l
Tatill 03g) dilaill &Sl & 5> Huei disS Wl @ss

CLOCK dclul  LENGTH Jghll ~ MASS dlll
(A) Slower bl Shorter .08l  Decreased ,ailii
(B) Slower Shorter Increased sl 5
(C) Same g LS wii  Shorter Decreased
(D) Faster g L Shorter  Increased
(E) Faster Longer Jshl  Decreased

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

0.2L
L

A spacecraft is moving to the right with
a speed of 0.85¢c as 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

1.8L

g 55l 53 0.8C g s 8L 4S50
Seasaill Jobo 98 o «elaill At J3ls oL 51 )

0.8L
1:2L

v =085

98 oS 0.85¢ 4c yuy ol Wl & =i Alsd 4 50

ailaill 48 el Josi 0lel giludl sl o8 2es90
aisell Jals, oS3 16 Lo JK s igsice
ol oS i3l sgkio Jing ol loo w1 .aLsill
Sasladll as 50ll 59,0 Wil il LIle

—



U Exam JolS Lzl 2 g0 1

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

30 1

Speed
(1,7 IV I —

WU wolidl Il 08 il &S 5> s &

Speed
(mfs) 2p feedeea et

10+

s oo B bl IS g Laill lsio 33
Determine the magnitude of olg 4 ol
acceleration during interval B,
from 2 seconds to 4 seconds.
0 m/s? 10 m/s?
15 m/s? 20 m/s?
40 m/s?
The motion of an object is U goludl a8 sl & > e &
depicted in the following speed- lellg de )
time graph. | - e e R
T e T s B o pual IS il dio 1 6l 35>
During which interval(s) is the digb de juw
object moving at a constant
velocity?
A only Bonly
C only Both Aand £
Both Band D
The motion of an object is il il a8 sl & > u9.000
depicted in the following speed- bl g de Ll
time graph. | T N B
- i R RS (ms) m________‘__ | n;

Time (s)

During which interval did the
object travel the farthest?

10 4

Time (s)

€321 L] a2 5,5 ST 08



A B
C D

E
4. An object is accelerating. Which of CSon 6wl loo Sl &Ly awsl
the following is NOT possible?
b awsdl de 950 58

The speed of the object may be constant.

Lot gmin)l )l S s 50 08, 38

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

b dgiall auinll de a5 58

The velocity of the object may be constant.

9% il (95 28

The object may be turning.

cwb sl e 55580l Bgall lniio

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

5. The motion of an object is WU gulodl aca | @8 auus @S > 00 Al
depicted in the following position- 8)l 9 2o 90)
time graph. _—

T 40 s o o8lin () 88 ST
During which interval(s) is the € sl
maghnitude of the object’s velocity

decreasing?

A B
E Aand £
None of these
6. The motion of an object is WU guladl a1 08 auuz @S 5> 00 Al
depicted in the following position- .gllg 2590l

time graph.

TR Cac s s8] awll ellioy (Wl,i9) 6,8 S 08
During which interval does the
object have the greatest speed?

A
C

O m®



An object initially at rest uniformly
accelerates for fseconds and
moves distance x. An identical
object that has twice the force
applied to it during the same time,
t will move a distance

1.

bl Ao JSiy & bty sl 08 SLl ]

ade 53§ Gllio pus X @l o g duli t

ot D5 J93l sl ol 8580l Bl s

Sne x
2
V2 (%) 2x
4x
—'|-|=_"IJ:\\
20m \\x‘
A ball is thrown horizontally at 30 oo dulill 8 | 5o 30 de uw Ll 5.5 o, Al
meters per second from the top of 33 oS < 150 20 leels,| gly daio wlel
a 20-meter-tall platform, as shown Lgiedod il 489X | d8Luall 3391 .0l Zd 90
above. Determine the horizontal 5
distance traveled by the ball.
10 m 20 m
40 m 50 m
60 m

N

The diagram above depicts a
projectile launched from point A
with a speed vat an angle of 6
above the horizontal. The
projectile hits the ground at point
B, achieving a final range of x.
The total time of flight from point A
to point Bis fseconds. Determine
the speed of the projectile at point
B.

daiill oo bl 438 el gl aw)l b0

oy 03| G99 0 dygl 5 V e ey A
dloill Gise « B daadl sic ,b 531 Lgdkall
A dbaill o A )l iy W] x J ledll

sic oddall de yuuda> Ldubi t 9o B ddill o

vsin 6

- dloiill

vcos 0



10.

1=

12.

10 kg

(]

30 kg
Two masses, 10 kilograms and 30 doyse Jloy dileo ¢ 235 30 9 a8 10 ¢ LS
kilograms, are suspended by pasll 9 Zsg0 98 oS ¢ Sl o A
massless ropes from the ceiling, 3 el o il s>l .odlel gull
as shown in the diagram above.
Determine the tension in rope 3.
100 N 150 N
200 N 300 N
400 N
#
nm -_--?.-
As shown in the figure above, SN s 2y « 0l Sl 08 zo90 98 1S
mass mis pulled along a rough Jooig « F bgall s il abus Job e m
horizontal surface by force F w9Ss Al 48 ,all Laboudl o duwldo dugl 5
, acting at an angle measured At de
from the surface. The resulting S @l ol ) Lell Sl

motion is constant velocity.
Which statement below is true?

N« @sgoall bl Sglaw « W o auadl 59
The weight, W, of the object is equal to the normal force, N.
N dpbll 98l oo Jil amsll 59
The weight, W, of the object is less than the normal force, V.
F didooll 59l Sgluis T &Il 598
The force of friction, f, is equal to the applied force, F.
F . didoell 58l o Jil « f o ISl 58
The force of friction, 7, is less than the applied force, F.
F . didoall il oo ST f o il 598
The force of friction, 7, is greater than the applied force, F.

F
— -~

A force, F= 12 newtons, pushes =1 .. S % ¢ igw F 12 . g8
two masses, m 1 = 3 kilograms AAC ab_.. ngu\lc P:-S 2a9aS
and m2= 1 kilogram, horizontally a3l ol Sl b s ge 9d loS il
along a frictionless surface, as Yadsle, i

shown in the diagram above.



13.

14.

15

Determine the acceleration of
mass /m:2

1 m/s?
3 m/s?

Masses m and 3mare 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

STYYS

At = 0 seconds, a force, /1 =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, £2 =10
newtons, acts in the -x-direction.
Determine the

acceleration of the objectat =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

2 m/s?
4 m/s?
12 m/s?

3m

5.5, 339 Ssilo by olilsio p 3 3 5 S
g odel wlul sl 08 @b g0 90 S
saacss] el Als g0 & sl JEII
pds) gl

(Qwﬁa

29
Jooi g F1= 10 699 qul Al sl t = O xic
W9 983 il A o Al e 9lS -5 wle X + alaud] 0
ol baxs B8 Ll dwlit = 2 ne Line o8 dls
& s F2 =10 il isill Jass .alo¥l sl
loiw olgit =5 sic awnll g, 150 335 . x- ol
‘ Jagll 08 o bgill i

1 m/s?
4 m/s?
5 m/s?

300 9 ol wle lol )¢S 50 disg posi iy
90 lo . de ol il 08 329 io Jaees wled & Ly
albll sl 3

50N
500 N
550 N



16.

12:

18.

~Z

A mass remains at rest on an 98 LS asae wle oS dbs w9 Al Jbs
incline, as shown above. Which 5ol anll blaso 83 Lo .0dlel asgo
free-body diagram is Canal
correct?

Yf‘
T T

A~
An object in uniform circular 20 o b8 bni doliiie 450> & > 09 au
motion with a radius of 20 meters Al de suaas L350 0.10 0> s e
has a frequency of 0.10 hertz.
Determine the speed of the object.
T m/s 2mTml/s
41 m/s 8mmls
16 T m/s
What is the maximum speed lp Ao L,,I Sog will Sguaill dc il ga b
possible that a car can turn on a Joleng Lol 5 0 ,l08 ni G b wle b, Ll
road with a radius of 5 meters €3l s 0.5 dlis|
and a coefficient of friction of 0.5
without slipping?
1 m/s 5m/s
10 m/s 25 m/s

30 m/s



19.

20.

Z:

VA

|*
The object in the diagram above is il 485> @9 el wull aw )l b aussl
in uniform circular motion. Which daaloall el ekt waill Wlgmiall Lo . doliio
vectors show the tangential ozl awll @8 awnl) @555 50l daell g
velocity and centripetal Tl

acceleration for the object at the
instant diagrammed?

/S /S
e A N A
e A

A roller coaster needs to complete aos 390 dil> JWS| ol dl g9 zlixy
a vertical loop that has a radius of 4y o2l 33l 93 Lo .1 500 14.4 b 08
14.4 meters. What must the Caal>Jl o Solall ¢ 53l 8 Al

coaster's minimum speed be at
the top of the loop?

5 m/s 7 m/s
10 m/s 12 m/s
14 m/s
In the figure below a 10-newton 6580 cigw 10 1B lsin 598 ¢ olisl JSdl o8
force, F, is applied at a 37° angle Al a dliS e wid W dgailly 4> 3 37 49l
with respect to the horizontal to a wle 4l de juw ouadll oJ| Gl dLis)l ws
mass, m. The mass is pulled leilisSog F dgill ,b e Al . i abous Job
horizontally to the right at constant wododbsill sl o8
velocity along a rough surface. F=10N
Force Fand its components are A 6N
shown in the diagram. " R
m GN 5.0 d8luwo dliS)l el =i wglooll Jocll ;a_.gi

. : Ll i
Determine the work required to k.

move the mass a distance of 5.0-
meters horizontally.

Zero 30J
40 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 s
ﬁN
m

BN

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?

6,580 cisw 10 1B lsin 58 ¢ olisl JSadl o8

A . S e s dpally d 55 37 dygl s,
oo it 4C ool | Gl @Sl s

lesbigSes F 33dll yo,e aib i gl Jgb
bl aw )l o

F=10N :
A o
i

8N

&S 5> elil Gglball WSl Joaall lio 321
Ladl io 5.0 @luo L]l

30J
50 J

iy bniinll dlo goll Xl o il Juod iy
4 4l dicuas L Sl 5801 . dladl 98

8 du> 90 disis Ly wandl 6,81 o <a9lgS
ety uodi ol dig S| alum M sy 2908
Al 33> . lelod iy &5 (b g b0 o0l
Sl 5,8 e

=2
+2C

W oSl oo 9 58Sl g gig sl §b] aiy
w8l . abiiall ¢ilgSdl Jell yuss
loguires g0 980319 pgig l Jelin X

&0 09 Sl gLy 538 oLl S L paadll
Cugigdl 58

Magnitude of Force isill ,lsi0 Direction of Force isill slxilAccelerationg ) Ll

(A) Less Jil Same a.s; Less Jil
(B) Less Opposite yuSleo Less

(C) Same Same Greater |
(D) Same Opposite Less

(E) Same Opposite Greater



25.

26.

21

+2q

+y

4
A B

In the diagram above, two point
charges, +2gand +q, 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 mand charge
e is 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 doubledto 2 V. An
electron accelerated through this
potential difference will have a
speed of

1
=y
2

V2 v

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/m
1.8 V/im

®
n E

bty i cud A el gl Al o8
08 > gl g3gall 33> .+ g 9t2¢g
1580wl Sl Jlall

Q@

3 1S <V < 342 58 lag) gliganio oo
M @il 9,80 odlel woldl aw,ll 08 2sg0
&bt bl 2alll sie Liso 98 € dinuug
A o Juag 32l 39 D o g SN2
2V ol olosll g seall §_8 diclan i v
2ll 8 D o g luiall (9,8 g

Qe |30

v
2v

3] .30 Gl logas 6 « gz i5lssg)
el §9 .l sioiins 10 @luo login Joosy
453 6.0 33 2ol u

o>l gl Jsall laio 3]

0.60 V/m
20 Vim

60 V/m



28.

29.

30.

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.
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?

2816 0.30 dins d logio JS « ysmnin o)

sexll 8 .l o 10 @luo logiy Juniy
g9 6.0 33 2153l
ool ongd bl dodl 5o 3ngl

0.60 F
20 F

wle wWlsil wle logliall &la| g (S
3w o0 bl Ll s kIl do gl
Il 08 dSlgiuall 55l o] Ll

Resistance @)l dogliall Currentsil Sl Ll Power Consumeds )il

(A) Decreases Jis Decreases Decreases
(B) Decreases Increasessls 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.
Ri=20 R:=20

—AMA—AM—

Ri=4102

_W\,_/i

4V

|\
I I
What is the current flowing in the

circuit initially, when the switch is
open?

0.5A
20A

51l g lisodl 2 sy il uladl )l 8

o590 90 S Lusso obsl

Ri=20Q R=20)

AM—AW

Ri=40Q

AM—"
Ii 4V

loxie lsdl o 5303l 8 imiodl Ll sb Lo

T g0 2ol o5

1.0A
40A



31.

32.

33.

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

R=20 R:=20Q

—AM—AM—

Ri=40

L AANN——" —]

4V

||
II

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.
=20 R:=202

—AMA—AM—

=402

L AANN——" —

4V
L

The resistors in the circuit above
are actually lightbulbs. When the
switch is closed, how is the
brightness of lightbulb 1 (7))
affected?

5l 08 2lisoll 2 iy Ul ilidl a I o8
o0 ¢d S Lo obidl

R=20Q R:=20Q)
ANN— W

4V
1

2lisall 58, losic @dloll dogliall laio Lo
¢ lilso

3/4 Q)
20
4Q

5yl 8 2lised] 28 iy Ll ol an )l 08
2590 83 oS Luawo obsl

Ri=20 R:=20
AM—AMY
Ri=40Q
AN—"
Iid\/

Ii
2ulon gilsll o8 wd oMl 5l o wlogliall
ol il AS zlisell $e] sic .4l S
S(R1) 1 zlucwll

Aol Wl g goudl Ay
The brightness is halved.

&sbudl e la
The brightness doubles.
Sl e gl g ol
The brightness is four times greater.
lesl dules g gbudl
The brightness is eight times greater.
.93 oS gglodl Jlay

The brightness remains the same.

The circuits shown below all
contain the same three identical

resistors, each with resistance A,

and the same identical battery
with potential V.

o e bl dausgall ilgl guos (Sgisi
o glaall Lio JS « dayllouiall @Ml ko glaall
V a3l go diylbiioll 4y, ol puiig < R



34.

- AW
Which of the circuits will dissipate Sl o 3 ST 33 Bgus il gall o oS
the most power?
| only lnst Il only
[1l only IV only

6580l o L3l i agio JS s3I guu
They will each dissipate the same amount of power

The circuits shown below all o e olis] dxs goll il gall guon (Sginy
contain the same three identical do gliall Lgio JSJg « dillaiiall @Ol lo gliall
resistors, each with resistance R, V2l go dislboioll &, lodl jusig < R

and the same identical battery
with potential /.

W IJW\,—W\F
-|- W
Which of the circuits will have the 318 & Voedgall gud lgd a8 3la8ll o S|
same voltage, V, across each one Clgloglio oo 83xlg JS

of its resistors?



33.

36.

317.

| only Il only

[11 only | and Il only
lll and IV only
Tt I
As shown in the diagram above, oz el wolwl sl o8 @539 93 oS
an electron with a charge of Slaias ageS 1.6 x 107"° dinuiy ¢ 9,€]
1.6 x 107'° coulombs is moving Ax 0l 8 dulill ¢ 15501.0 % 105 dc ..
1.0 x 10° meters per second in the Jlsioy lobsiio Guudolign Nl o9 8031 U3y
+x -direction. The electron enters olxilg Slade o .+ Z ol w8 g0 i 2.0
a 2.0-tesla uniform magnetic field wall dasdll o8 9,580 21 wle 55580l g3l
that is oriented in the +z-direction. C b lsoll Jlall Lgad 3

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 10" N, -y -direction
3.2 x 10" 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 oo g liss wuaiy Nl o dals
are moving relative to one Glblasell g8 & > qsi wosdl logaey duaill
another. Which motion in the SaialsJl 8 15 bs Cumieis ) obs] s gall

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

(@
-

W
A mass mis attached to a spring ool dls o 43l 509 pauly daio m 4l
and displaced from equilibrium. sic as bl o8 Aladl Tswy dliSll 0 A1
The mass is released, and the 15,1580 b0 dliSy qJ.éJI Il Ay LF 55 il
system begins to oscillate at lsdell sy Sl 6 0 lginl | Aiig 2m
frequency £ The mass is replaced Al a3 il e

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



amount. The new frequency of
oscillation will be

228 f
2
2 f 2f
4f
38. Which graph correctly depicts the dio Kl Blbll ases Sy gy il au sl
potential energy, U, of a spring- ol o il elil &l diS Al U
mass system during an € +A Sgwill daudlg-AJ Ll

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

39. When light enters a denser il @S LT by o] £ 9,80l Jsy loric
medium, its:

w>gall lsb Jing dc sl passi

speed decreases and its wavelength decreases

w230l Lelsb 31505 de sl pais

speed decreases and its wavelength increases

b Jy > 9all ldsh (S de ]yt

speed decreases but its wavelength remains constant

) all Jsloll g s 315 5

speed increases and its wavelength decreases

w2 gall ledgb 315549 A0 sl 155

speed increases and its wavelength increases

40. During one complete cycle, a oo @ gall & ,mi dolS Baxlg b9 s
wave moves through D=

2 Ao 05,95 o3 5,8 1 290 Jgb 1/2
1/2 wavelength, 1 period, and 2 amplitudes
Wlawd g« 832198 ,95 o 5,8 « w30 Jgb 1/2
1/2 wavelength, 1 period, and 4 amplitudes

Glew 2 908,95 35,8 1 w90 Job 1



41.

42.

1 wavelength, 1 period, and 2 amplitudes
Clewd 908,90 oo 8,8 1290 Jgb 1
1 wavelength, 1 period, and 4 amplitudes
Olaw2 ¢S50 o3 658 1/2  dngo Jighl 2
2 wavelengths, 1/2 period, and 2 amplitudes

A sound source is moving away el e By & i weall o0
from an observer. As compared 35 539 wesll g aall Jolall go 4, laall
with the actual wavelength and Culsgall oy bl el Sy A8 cls gall

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

8053 559 a8l dungo Jlgbl agus
They have shorter wavelengths and a lower frequency.
el 33 59 bl 4390 Jlgbl agad)
They have shorter wavelengths and a higher frequency.
33l iy 8l A0 Jlghol ags)
They have shorter wavelengths and the same frequency.
813 39 Jsbl > 00 Jlgbl agus)
They have longer wavelengths and a lower frequency.
wdel 3 519 Jebl dingo Jlgbl agn
They have longer wavelengths and a higher frequency.

glass
In the diagram above, light moving o9 oJoaiall e gl Jss el wilwl Al o8
in air enters a piece of glass at an 00 0 Lewld digl s 25l o dalod Wl <logll
angle of 6 as measured from a Sl .zl abw wle Ssle Agu 0 Sygec s
normal drawn perpendicular to the Cabs)l b coll [l oy gloi

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

O ®

A
C



43. The image viewed by a pinhole rod il wld uelSl Badlis il 6, 5.0l
camera is:

upright, smaller than the object, and real
upright, larger than the object, and real
i g | o sl coglie
inverted, smaller than the ol:gject, and real
0Bl Bl sl o sool coglio
inverted, smaller than the ocbject, and virtual
wiing o LS| aglie

inverted, larger than the object, and real

44. T |

L

2 f I||
An object initially at a distance of Gl 08 27 Bluse wle @i puus el >0
2fis moved away from the focal 90 LoS ¢ 800 6l yo)  F < 5,8l dasi o© 1Nsy
point, 7, of a concave mirror, as il &S odlel whadesill aw )l 08 2590
shown in the diagram above. How o590l

is the image affected?

Sl oo e o i aily b 8,50l a2 Jby
The image size remains constant but moves away from the mirror.
B0l e a2ing 5 9.0l x> 3l 5
The image increases in size and moves away from the mirror.
ol g5 &g 6y seall ama 3l 5
The image increases in size and moves toward the mirror.
8l e seing 8.0l a2l
The image decreases in size and moves away from the mirror.
Blall 920 & 29 900l a2 (o8l
The image decreases in size and moves toward the mirror.

45. Monochromatic light passes s s DB o oslll Sl el e
through two narrow slits and is 29550 Jslxi baos 580 daslis wle a5 ,e Ay
projected onto a screen creating a Cano g loo Sl . gl

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

90 duols sgall ol e Jids 93 295 50l gl g5 Jslsill s
The double-slit interference pattern is evidence that light has a wave
characteristic.
o> gall Jsbll S5l wJgdl dinsall dngdl o] Llunll 3,9
The path difference to the first maximum is equal to the wavelength.
390 50l dxlsill bas bes o il G Aol @luoll 53L ;5 Sd g
Increasing the separation between the two slits will compress the observed
interference pattern.



Aalall wle db g all Gusoll Lsgll Bb; ol w>gall Jsbll B3l S35
Increasing the wavelength will cause the maximums displayed on the
screen to spread out.

2o Guw b IS
All of the above are true.

46. The bending of light caused by the 4C ¢ Lusill oo AUl ¢ g Al ¢ lisul oy
change in the light wave’s speed Buss s louug J38y cus duguall d> ol
as it enters a new optical medium dy9l
at an angle is called

,LS5Yl refraction wlsil reflection
sl diffraction Jzlx interference

47.

48.

wlbiiadl  polarization

: :.-.'.-_--:.:-:..' Red
/ i Violet

Why does a prism disperse white olall 9 Al esall ol ity 3l

light into the colors of the woldl Al 08 2 90)l bowill @SLJ.JJQ“
spectrum in the pattern shown Codlel

in the diagram above?

LSl digl 5 winiy @lillg ST @l wle wasidl €Al Sgisy
Violet light has more energy and therefore bends at a larger angle.
ST 15l oy oo ST onaattiad] ¢ gu)l g L
The amplitude of violet light is greater, causing greater refraction.
i Calise LSl g d sgal w90 Jsb JS
Each wavelength of light has a slightly different index of refraction.
8l a0 wining ol @lus 03 e gl gl
The red light travels a shorter distance and bends less.
sl gl o 3y s0dl 4ly Jabl d8luo gwasial < i)l gl
The violet light travels a longer distance and has more time to bend.

refer to the heating and cooling U] s goll syl g didnill wisio ol £ 93!
curve shown below. A
A Temperature

l'emperature

Heat added
Heat added ; - o
3 duloolly @leiy logd d>umunll ,Lell Lo
Which statement is true regarding S g co)el \_S\JL:J" ;w)“

process 3 in the diagram above?

Ngiusuw Aty 85lod Bl 4,1 adl deadl wle 6,515l ds 55 i Jaeo iy
The rate of temperature change is dependent on the specific heat capacity of the
substance that is being heated.

Lozl S5l 5boeai¥ ISl sl inle wate 51501 sy 08 s



The rate of temperature change is dependent on the latent heat of fusion of the
substance that is being heated.
Ngusui iy d3lo usail dinlS)l 6,1, wle saiey 6,1 52l @5 uei Jaeo
The rate of temperature change is dependent on the latent heat of vaporization of the
substance that is being heated.
Rugiig Aol d> 5l 98 35kl
The substance is in the solid phase and is expanding.
ugiig Slall ghall 8 BoLall
The substance is in the gas phase and is expanding.

49. referto the heating and cooling Ul s g0ll 3yl g didaidl wusio ol g 93!
curve shown below. 1

l'emperature
A

Temperature

i

' > Heat added
Which statement is true regarding 98 4 dloolly gloy lod duall 8Ll o
process 4 in the diagram above? Codlel yoludl aw )l

skl o lle dais sic [ sy
This occurs at the boiling point of the substance.
AislSll 5l 8,1, wle daiei 4 édiooll
Process 4 is dependent on the latent heat of vaporization.
s ol Huei JeiSl wis 8512l ds g ol oSey X
The temperature cannot rise until the phase change is completed.
Slall 1 Sladl el 8 Hue5 dideoll ol
The process involves a liquid/gas phase change.
All of the above are correct.

50.

08¢ 0.6 ¢ 7

Two spaceships approach each other. ac yu @i .ol lagbey oo lad lintw L i
Spaceship A has a speed of 0.8¢(80% (588l dc 5 (0 7.80)0.8C  Adgladll 45 all
of the speed of light). Spaceship Bhas ac yu oo 760) B 0.6¢ duladll dS joll dc . glis
a speed of 0.6¢ (60% of the speed of ool wgaay A claill diiu io wle WSL (s 9.4
light). A passenger on spaceship Aaims 5l €95 @S 5> dc yuu S0 lo B claill diiw wlc
a laser at spaceship B. How fast does B cloil digis gio wle SI 1Y WS
the laser light appear to be moving
as observed by a passenger on
spaceship B7

0.2c 0.6¢c

0.8c c

14c¢






