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FART A
FOR EACH OF THE. FOLLOWING QUESTIONS 1N PART A, ENTER THE MOST APPROPRIATE RESPONSE ON
THE OMR SHEET.
Al.  Which one of the following is NOT a unit of energy?
@ w B) Nm ] D) eV (E) kgm’s’
A2,  Which one of the following is a vector quantity?
{A) electric charge (B) time (C) work
(D) electric field (E) electric potential
A3,  When a force is described as “conservative”, what is it that is being conserved?
{A) Linear Momentum (B) Force (C0) Kinetic Encrgy
(D) Potential Energy (E) The sum of Kinetic Encrgy and Potential Encrgy
Ad.  Two objects, one of mass s and the other of mass 2m, are dropped from the top of the same
tuilding. When they hit the ground Utz 2 g
(A) both will have the same kinctic energy. 7
the heavier one will have twice the kinetic energy of the lighter one. indepemdant of

A6,

AT

(C) the heavier one will have four times the kinetic energy of the lighter one. Mhass
(D) the heavier one will have one-half the kinetic energy of the lighter one. : .
(E) the heavier one will have one-fourth the kinetic energy of the lighter one. |/ = JZ. g

An artificial Earth satellite is moved from a stable circular orbit of radius R to a stable circular

orbit of radius 2R. During this move, F  =ma
(A) the gravitational force of the Earth on the sateliite does positive work and the kinetic Grow
energy of the zatellite increases, GMm gt
(B) the gravitational force of the Earth on the satellite does positive work and the kinetic — 5 ~ -
energy of the satellite decreases. re
(© the gravitational farce of the Earth on the satellite does negative work and the kinetic , _ (;M
energy of the satellitc decreases. U - 'F'
{D)} the gravitational force of the Farth on the satellite does negative work and the k.lneuc
energy of the satellite increases. KE 4 as

(E) the gravitational force of the Earth on the satellite does negative work and the kim:t].:;
energy of the satellite does not change. r

For an ideal spring, which one of the following statements is TRUE? T—: = - Lt;

(A) The magnitude of the restoring force is inversely proportional to the magnitude of the

displacement from the unstretched length. PE = 1k ,xz

B} The elastic potential energy of the spring cannot be zero. elas 2

@ The restoring force acts in the direction opposite to that of the displacement from the
unsiretched length.

(D) The elastic potential energy of the spring is negative when the displacement is negative.

(E) The elastic potential energy of the spring is a maximum when the displacement from the
unstretched position is zera.

A hoop and a solid cylinder have the same mass, the same radivs, and both roll along a
horizontal surface without slipping. If the rotational kinetic energies of the two objects are the
same, then which one of the following statements is TRUE?

@ The ranslational velocity of the solid cylinder is greater than the translationa! velocity of
the hoop.

{B) The translational velocity of the hoop is greater than the translational velocity of the solid
cylinder.

{C) The translational velocities of the two objects are equal.

(D) The angular velocity of the hoop is greater than the angular velocity of the solid cylinder.

(E) The moments of inertia of the two objects are squal.

- . 2 _
Kooy 4Tt Wy = Aol + g
e

7 z
KE g S(5M)w) = LMy’ 7
continued on page 3.,
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AB. A torque ris applied to a bolt by exerting a force F at the end of a . d‘-yﬁ“’"" L)’
wrench of length L. The direction of the force is perpendicular to the L hamd .

length of the wrench, as shown in the diagram. The torque is oot

D sufficient to turn the bolt, 30 a new wrench of length 31 is used and a T F
force of 2F i applied at its cod. The direction of the force isthe . _ -y \
same as before. The new torque exerted on the bott is - £
(A) 97 @) 41 (C) 5t @) 6« (B) 1.57

A9.  Which one of the following statements best describes the principle of operation of a hydraulic

Jack? Pascal’s Prmg_plg

(A) A small change of pressure in the small cylinder resulis in a large change of pressure in the
large cylinder.

(B) A large change of pressure in the small cylinder results in & small change of pressure in the
large cylimder.
The same change of pressure occurs throughout the system, resulting in s large force on the
large piston.

(D) A =mall samount of work done on the small piston results in a large amount of work done on
the large piston.

(E) The force exerted on the small piston equals the force acting on the large piston.

A10. The sound intensity at a certain distance from a constani-power source is J. Assumning the sound
radiates uniformiy in all directions, what would be the sound intensity if the listener were twice
A as far away from the source? T= P P

— T

(®) w1 (B) %I (© 21 D) 41 (E) 81 A it

All. The fundamental frequency of an organ pipe that is initially open at both ends is related to its
length. When a cap is placed over one end of the organ pipe (meaking one end r.:losed),

fundamentsl frequency will “
C" (A) double. (B) increase by 25%. be halved.
(D) pot change. {E) become one-quarter of its original value. L . J_ }\ J. )\ A
0=
Al2. A metal ball initially has a net charge of 20, This ball is brought into contact with an ldcnm.
but initially uncharged, metal ball. Thctwomcmlbaﬂsmseparmdandthzﬂmbaﬂlsbmught - T
into contact with a third identical, but initially uncharged, ball. The resulting charge on the third
C. metal ball is he® 22
1 2 1 3 . = &
@ S ®) ;0 © ;¢ @ S0 ® 0 F= 4k
Al13.  Consider the electrostatic force exerted between two positive point charges. Which une of the
following statements is FALSE?
(A) The magnitude of the force is inversely proportional to the square of the distance between
D the two charges. ) k I l
(B) The force is repulsive. F- 1'?2
{C) The force is proportional to the magnitude of each of the charges. —I" 2

The force is proportional to the sum of the two charges.
(E) The direction of the force is along the line joining the two point charges.

Ald, The law of reflection states that the angle of reflection equals the angle of incidence. The angle
of incidence is defined as

(A) the angle between the incident ray and the surface of the reflecting object.

C B) the angle between the incident ray and the reflected ray.
theanglcbctwe:nthemcldcntmynﬂlhemrmaldrawnﬁtthepomtwherethlsmymem

the reflecting surface,
(D) the angle between the reflected ray and the surface of the reflacting object.
{E) equal to half the angle between the reflected ray and the surface of the reflecting object.

continued on page 4...
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AlS.

D

Als.

Al7.

Al8.

Al9.

For the human eye, which one of the following statements is FALSE?
(A) Nearsightedness (myopia) can be corrected using a diverging lens. T
(B) The near point of the eye is the minimurn distance at which an object is still in focus. T
{C) The far point of the eye is the maximum distance at which an object is still in focus, -1
The focal length of the eye cannot be changed., F
The far point of a person with perfect vision is infinity. T

Photons with an energy of 6 eV cause electrons to be emitted from the surface of an unknown
metal with a maximum kinetic energy of 4 eV, If photons having twice the wavelength are
incident on the same metal surface, which one of the following statements is TRUE?

(A) No electrons will be emitted. W= KE +w
Electrons will be emitted with a maximum kinetic energy of 1 eV. i ¢
) Electrons will be emitted with a maximum kinetic energy of 5 eV. beV = e +W,
(D) Electrons will be emitiad with a maximum Kinetic energy of § eV. W= 2eV
(E) Electrons will be emitiesd with a maximum kinetic energy of 10 eV. o
2% = £ B

If visible light passes from ene iransparent medium 1o another transparent medium that haz'a
lower refractive index, which one of the following statements is FALSE? TN = HEM 2oV
owing &=
A) The wavelength of the light changes. T ' "’1 y
L] -
kﬁ“ﬂﬂ_ &

The frequency of the light changes. F \
{C) The direction in which the light travels changes. 7
; i

(D) The speed with which the light ravels changes. T
(E) The light may undergo total internal reflection. T

Correctly complete the following sentence: The results of the Rutherford scatiering experiment
provide evidence that
{A) electrons in an atom can have only certain energies.
(B} electromagnetic radiation can exhibit particle characteristics when interacting with
electrons in e material,

@ the positive charge of an atorn is contained in & small region (the nucleus).

) light of sufficiently high frequency can cause electrons 1o be emitted from a metal surface,
(E) the energy of a photon is determined by its frequency.

The ratio of the redius of the nucleus of 2*U to that of the nucleus of 'C is given by:

238 2381/ 238
A - ninilinll —_—
@ 3 ® (12] © 3 y
- 3
238" s (238Y r= RA
) [E) E) (1.2x 10 m)(E]
Which one of the following statements is FALSE? ‘/*

(A) “The strong nuclear force is exerted by both protons and neutrons. T

(B) "Low Z stable nuclei usually have the same number of protons as neutrons. T
C) The strong nuclear fores has a very short range of sbout 2 x 107 m. 7

@ “High Z stabie nuclei'have more protons than neutrons. F

(E) The strong nuclear force iz an attractive force. T

" Stable ayeles of

continued on page 5. ..
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PARTB

FOR EACH OF THE FOLLOWING PRORLEMS, B1 TO B10, ON PAGES 5, 6 AND 7, WORK OUT THE
SOLUTION IN THE SPACE FROVIDED AND ENTER YOUR ANSWERS ON PAGE 7.

ONLY THE ANSWERS WILL BE MARKED. THE SOLUTIONS WILL NOT BE MARKED,

Bl. A 725-kg elevator accelerates downward at 3.12 m/s®, Calculate the magnitude of the tension

exerted by the clevator cable.
ST = rwa
-—t
T
1 T-W = ma

T= o(a+g)
T = 725 (" 3.12m/5? + 9.800/s?)

o 122~ . e
B2. A vehicle moves in a horizontal circle of radius I}fm \w%i constant speed. The vehicle has a .4
mass of 2.53 x 10° kg, and the coefficient of static friction between the road and the vehicle’s tires i
is 0.451. Calculate the maximum speed at which the vehicle can negotiate the turn without

!

skidding. -
+ 1—1% ZFxt M, i-Fy'DO
F,-w>
£ el N
H -F FM'.\U\J
. 2 F= ™9
pafi s S .

o= ,.)/U;'jf :J—(:)-QS-IY“LRW;‘XUM‘S

MK

B3. A beach ball, with a mass of 0.124 kg, is held stationary and fully submerged in water by pushing
down on it with a force of 7.00 N. Calculate the buoyant foree on the beach ball when it is fully

submerged", .
Fpu;\n SE=0
+1 Fo =W = Fouk = ©
L Fo P tW
fo W
F&: FP‘“L +mc}

F= Foon + (0.1241gX9.80m/s?)

|

continued on page 6...
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Bd. The reel of a fishing rod hes a radius of 3.00 cm (assumed constant). A fisherman winds 2.60 m
of fishing line onto the reel in a time of 9.50 5. Assuming that the line is being reeled in at &
constant speed, calculate the angular velocity of the reel.

- veS= 2.L0m omd s= ré
QS + = 9.50s

< ) __
T L CaTY™),
t ¢ rt  (0.0300mY4.509 2

BS. A steel cable of cross-sectionsl area 2.83 x 10~ m® has a tension of 1.12 = 10* N. The density of A
steel is 7.86 x 103 kg/m’, Calculate the speed of a transverse wave moving along the cable.

5 M\Pﬁ

/JU‘!I = m., _‘i -t r'-!‘a-; A
_ vy AL L r
ve [ . [E
o/ T A pA
%

L
. [A2%I107N -

U - - =
7. ?(Qxlogkj{\gxz.s_%x 10 3,,,2) m

Bf. An ideal battery with an emf of 12.0 volis is conmected across two resistors in paraliel. The
resigtors have values of 96,0 £2 and 552 £1. Calculate the current flowing through the 96.0 £2
resigtor.

2 I - Y. £, 2oV
2| 2R R

g - 90n
o

2

B7.  Atits closest approach to Earth, the comet 1999/84 was a distance of 5.44 x 10" m from the
Earth. Calculate the time required for Light from the comet 1o reach Earth,

=t

_ 5.44x10""m .
3.00%10%m/s @

continued on page 7...
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B8, Calculate the angle of refraction for light moving from acetone (refractive index of 1.36) to watsr V,K‘
(refractive index of 1.33), given that the angle of incidence is @ /‘ﬂ‘?.?‘;

% (“‘S’;\g, = rnanﬂQa
™, )

e —— - . 'n,mé),)
' - ISR | R—
rhz 'Ezs\ QZ— < "Y\,._
|
!

o 1.345.'“(24.3*’)) - .
QZ Z Rutipn ,.33 @

B9. Viclet light of wavelength of 412 nm illuminaies a diffraction grating that has 2.65 x 10° lines/cm.
Calculate the angle of the second-order maximum.

sn@= M N - 2(4:2,:10"’,-“)(2‘@,5*'03 )

Cl cm ™ Ib.zm}cm

B10. A sample initially contains 5.40 g of radioactive material that has & half-life of 8,00 days.
Calculate the mass of radioactive material remaining after 4,00 days.

-t
N=Nge ™ ) he 0423

) T'/z
- 0.693t,
N = Ne BT > e s
- 0.693(4.004) /( $.004)
m = (5403)8. = 3823

ANSWERS FOR PART B

ENTER THE ANSWERS FOR THE PART B FROBLEMS IN THE BOXES BELOW.
THE ANSWERS MTIST CONTAIN THREE SIGNIFICANT FIGURES AND THE IINTTS MUST BE GIVEN,
ONLY THE ANSWERS WILL BE MARKED. THE SOLUTIONS WILL NOT BE MARKED.

Mol 4sixe®n “1 o.25A
B2 B7
23.2 »/s 1815
B3 BS —
¥.22N 30.5
B4 | B9 .
912 rod /s 12.6
BS BI0
22,4 m]s 3.823

continued on page §..,
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PART C

IN EACH OF THE PART C QUESTIONS ON THE FOLLOWING FAGES, GIVE THE COMPLETE SOLUTION AND
ENTER THE FINAL ANSWER IN THE 80X PROVIDED. THE ANSWERS MUST CONTAIN THREE SIGNIFICANT

FIGURES AND THE UNITSE MUST BE GIVEN. SHOW AND EXFLAIN YOUR WORK — NO CREDIT WILL BE

GIVEN FOR ANSWERS ONLY. EQUATIONS NOT FROVIDED ON THE FORMULAE SHEET MUST BE DERIVED,
USE THE BACK OF THE FREVIOUS FAGE FOR YOUR ROUGH WORK.

Cl1. A source produces photons, each of which has an energy of 4.65 x 107 eV,
{s) Calculste the wavelength of one of the photons.

hc zé?x J‘D;mm

he _ (41%x19" e g)(3.00 %10%/s)
E L 5% 10 2X

= 2.67x107%)

(b) The photons are incident on a graphite target and undergo Compton scattering. Calculate the '/*
wavelength of the photons that scatier at an angle of 135° relative to the incident direction,

Y / 2.7 x10 e

A YAYAYAY J (E))-.--—
/ 8 }\,'>\ (]705!9) (I‘F You clad n.a+
)\' = 2.G7X|0-|°m + E.GZXIO-S_‘_';_S (I _ @5135‘“) 26110 iﬁ)

(2.01x t0'3'k1X3.DDnl08m/s)

N2 2.45% 10 % )
V= 2.7 %107 £ A= 2.61x107"%m

{c) The source produces an average power of 12.5 W. Calculate the number of photons produced
per second.

p=E E hotims 168 x 10"°

-t PE:-}-“. * +ime

]

# photons P 12.5 W
time EHWSY/PLWHw (f-f LS w0 3oV x 1.60% o7

e\‘

%ﬁls = (Legx10"/

conlinucd an page 9...
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C2. A spring-loaded gun is to uzed to shoot a ball to knock a tomato of & post. The ball has a mass of
0.0450 kg and a speed of 6.70 m/s when it leaves the end of the gun. The tomato has 8 mass of
0.227 kg and is at a height of 1.36 m above the end of the gun and a hotizontal distance of 2.25 m

from the end of the gun. i AlT METHOD For () -
-7 - J 2: Z
) . - P x U-y U;y ¥ 211);
Geond 0* UEz-f'—’sv
A ’
/ Zgy 5’&«\/5
Spnﬂ = 8.k rﬂ/f

' \—'——~H,.-—=——J/
é@g---- 7= 2.28m SN VE TN ‘?%\55) -

(a) Calculaiethcangleé,m\ﬂnchthegtmmustbemnhwdsuthatthe is moving

horizontally when it hits the tomatc.
X Y Gt b= E [ 5oy
2.25 e f.36 e
U T ol Ll;yz U;Sm@a \7;—. é—(u; +U‘)f J-Lr 'l‘.' ny(x )
Ax =0 QAy==93
- = 1 ns”'an ..—'I——- = "‘ )
Uz = Yox | Uy= 0 v 3% et ) 2
t Q= Il\\l-hbu(:_zj) nuﬁm(zo 36m) .@
U, = b.Fom/fs 2.25m
(b) 111espnng1suneompmssedwhenﬂmbal]matﬂmop¢nmgoftheglmhmml The gun is
fired by compressing the spring, placing the ball on the compressed and then

releasing the spring. Thnspnngmustbeubmpmswdadlstanceofﬂmﬂhsuthatﬂlebau ,/*
has a speed of 6.70 m/s when it leaves the end of the gun. Calculatethcsprmgconmm

/Uo Mech. Energy is 3¢ N/m
o Cancerved -

Lhx? = Lmu? + mjln

._{z-h-x?: ému;a+ mSI_imB,
kx?z muy? + chjpcs;ngq

ORI

(c) 1 has a completely inelastic collision with the tomato. Calculate the speed of the
immediately after the collision, with-the-badi. You may ignore the effects of any
fnrces that may be acting during the collision.

' .,,.u ® O 0707 m/s
Lrﬂ&nr Momendvm i5 Conserved

U, = (MmN >\ M my, b,
@rm)  (mtm)

. (0.0450La Y& Fam/sY cas SD.4°) _ Qm
(0.0450%s + 6.2:17(15) m;ﬁnucdunpagcl...

w*
e
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C3. A box of mass 46.5 kg-ie-siven-a-pash-se-thatit slides up a ramp that is inclined at an angle of ')x.
37.0° above the horizontal, The initial velocity of the box is 5.25 m/s ind the coefficient of kinetic
friction between the box and the ramp is 0.270.

(a) On the following diagram, draw the forces acting on the box when it is moving up the ramp.
Also show your choice of coordinate system.

. iy 3
¢ \r

By

2o

X,

{b) Calculate the distance :E‘al the box travels along the ramp before momentarily coming to rest.

SF.zma, 'i'FY:O - Ef\’“'y" 0 77
-£ - Fu~ mqeosf =0 )
l&-w;c* MQ FN=W3LG5.9
'/uur::" ﬂ"ﬂ sind = M 5= "VU;‘;E; X — U;:ZI |
= M 9 cos® — g sin = 0L 241 2(——/1,43;0:9- jsmS)
N 2
ax: - uams@—ssmg Iz-—*(agsm’/}‘) ,
/J 2 2[(0.2?911"‘?:?0:«/51)&5(3?0“)
U: K U‘;’c-l' 2613(: + (“?.Eﬂrﬂlsaj é!n(S'?nQ“)]

0= U+ 2ax *
{c) After coming to rest for an instant, the box slides down the ramp. Ca]culatefthc

box when it returns to its initial position on the ramp.

_E; ,‘S Nows &rﬂ&d UF ‘H’IE r‘lﬂ"”P

TF, = may
vl g7+ ZagX
42“_ W = Max °

M F - g sin = MAx U %JO + 20,X

fhu g 050 = #3508 Tax e '4/;239;“&59= snd) %
a3t 50

3.6l m/s

v == 209800/ )(0.270cas 370°_ .
IJ § — 51‘,\ S?OEX ’o—{zm-)
(d) Calculate the work done on the box by the kinetic frictional force as the box moves from its
initia]posiﬁon,upﬂlemm_piﬂndthmhackdownth:mmptﬂit&ii’l.itialpoaition. ={- 3.4
ALT. MEDHD nje
W= Fs5- 58 — 3387

9= 1807 ('E oppesite e dusplacemct)
F-= -Plg:/“kl:;" /LLurnjou:@

Wpe 3m (UTPZ' U;2) £.= (0.2%0) 4. Sley X9 80m/?)
1 X )2_( . z) tog 374°
Wyow 3 (U6.5k XBbImle) = (5. 25m/5) £« 9N

M END OF EXAMINATION <~ 2("?2&): 3.4t

W+ @R aNY 3 Y1) (3387

ad I“H‘ Afr."w}n



