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PART A
FOR EACH OF THE FOLLOWING QUESTIONS IN PART A, ENTER THE MOST APPROPRIATE RESPONSE ON

D

B

THE OMR SHEET.
= (1-0/0%8)
Al.  Ifthe radius of a circle is decreased by 8.0% the area of the circle decreases by f s pd2r
(A) 4.0% (B) 8.0% (©) 12% ® 15% E 6a% & T
Axmel= m(002e,Y
W, T 2 2 AR
A2. The speed of sound in a gas is given by v = :2 . where vis speed inmvs, yisa 4 . A.25A :

A3,

Ad.

AS5.

Ab6.

AT,

AS.

dimensionless constant, 7 is temperature in kelvins (K) and m is mass in kg. What are the units
for the Boltzmann constant, kp?

(A) kgm’s"K B kgm>s? K (C) kg 'm*sK
5 z z
(D) kgmis B) kgnts? Jig] . (ol el kg
-2,

. Lr] z*
A little boy on a sled is sliding down a hill at the park. Which one of the following statements
concerning the friction force between the sled and the snow is TRUE?

A} The friction force acts in the direction of motion. F
h The friction force is proportional to the normal force exerted on the sled by the snow. T
(C) The friction force acts perpendicularly to the direction of motion. ¥
(D) The friction force must be zero. F
(E) The friction force is a static friction force. F

Which one of the following statements is FALSE?

(A) An object in translational equilibrium may be at rest. T
{B) An object in translational equilibrium may be moving at constant velocity. T
An object in translational equilibrium my be moving in uniform circular motion. f
(D) The net force on an object in translational equilibrium is zero. T
(E) An object in translational equilibrium may have zero kinetic energy. T

Consider arock that is thrown vertically upward. At the instant that the rock reaches its
maximum height, the acceleration of the rock is

(A) 0. g downward. (C) gupward.
(D) lessthan g, downward.  (E) dependent on whether or not there is air resistance.

A figure skater is spinning with arms outstretched, when the strap of her wristwatch breaks.
Which one of the following statements best describes the motion of the wristwatch, as viewed
from above?

(A) It orbits around the skater as if the strap had not broken.

(B) 1t spirals inward toward the skater.

(C) It moves off in an ever-widening arc.

(Dy It orbits around the skater at a fixed radius with decreasing speed.
It moves away from the skater along a straight-line trajectory, tangent to its original
circular trajectory.

Which of the following methods of moving a box from the ground to the back of a truck requires
the least amount of total work to be done on the box? Initially the box is at rest on the ground
and finally it is at rest in the back of the truck.

(A) Slowly lifting the box vertically.
(B) Slowly sliding the box up a frictionless ramp.
(C) Rapidly lifting the box vertically.
(D) Rapidly sliding the box up a frictionless ramp.
All of the above methods involve the same amount of total work.

Geo-stationary satellites orbit at an altitude that ensures that they remain above the same position
on the Earth’s surface at all times. The period of a satellite in a geo-stationary orbit is

(A) 1.0 hour. 24 hours. (C) 365 days.
(D) 28 days. {E) dependent on the mass of the satellite.

continued on page 3...
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A9.

A

Al0.

All.

Al2,

Al3.

Al4.

AlS.

Ale.

Al7.

An object of mass m moving with a speed v has a perfectly inelastic collision with an object of

mass 2m. The speed of the objects immediately after the collision is... my = ( "+ 2‘“3 U’:
v v
—. B) —. O) v D) 2v. E) 3v. _
; ®) © v ) ® % yo Ly

A metallic sphere has a net charge of +4.0 nC. A negatively-charged rod has a net charge of
—6.0 nC. When the rod touches the sphere 8.2 x10° electrons are transferred to the sphere. What
is the new net charge on the sphere? +4.0x \o'qc + R.2x \_oqé!, 602 x 1071

(A) 2.0nC (B) 4.7nC (€) 27nC @ +2.7nC (B) +4.0nC =¥ 2 ¥aC
The magnitude of the electrostatic force between two charged particles is . If the distance

between the two particles is doubled and the charge on one of the particles is also doubled then 96‘
the magnitude of the new electrostatic force will be ... £ = k 1% [l % [/r 2

(A) %' % ©) F (D) 2F. (E) 4F

Consider a charge +). Located directly West of this charge is a charge —Q. The net electric
field at the point along the line connecting the two charges and midway between them is...

(A) 0. directed to the West. (C) directed to the East.

. . -Q p +Q
(D) directed to the North. (E) directed to the South. -
@~
Which one of the following statements concerning electric fields is FALSE? “E

(A) The electric force on a negatively-charged particle is in the opposite direction to the electric
field. T

(B) The SI unit of electric field can be written as N/C. T
Electric field is a scalar quantity. F

(D) The SIunit of electric field can be written as V/m. T

(E) The electric field is defined as the force per unit charge.

The electric field at a distance R from a charged particle has magnitude E. If the distance from
the charged particle is increased to 3R/2, what is the new magnitude of the electric field in terms

OfEr) - g ‘ 9 ‘
3E 2E 9E 9E 4E El h—;z
wT o o®F  eoF  ofF 0F . X
E,= Aoy
A tiny charged object of mass m is at rest in mid-air between two hesizental plates. The top plate
is negatively-charged and the lower plate is positively-charged. Which one of the following

statements is TRUE? E_- 4 l‘-‘—‘i‘
2z z
(A) The electric field between the plates points downward. F . R
(B) The object is negatively-charged. F
(C) The electric field between the plates is directed parallel to the plates. F ct+v<0_
[3a)

The magnitude of the electric force on the object is equal to mg. -T
(E) The two plates are at the same potential. {

FE 44 ¥
A piece of conducting wire has a resistance . Another piece of wire of the same material is
twice as long and has twice the diameter. The resistance of the second piece of wire is.-:

1 1 R': P
@ ir. (B) 2R. (C) 4R, D) 1R, (E) R, AL

L
Which one of the following statements concerning electrical potential energy is FALSE? R r- _‘i-lz

(A) Electrical potential energy is a scalar quantity. T

(B) A positive charge gains electrical potential energy if it moves toward another positive ( 2L
charge. T .= o S

(C) A negative charge gains electrical potential energy if it moves toward another negative T (2{2 ,)z
charge. T

@ A negative charge can never have a positive change in electrical potential energy¥ g - 3 /’-—Ll

(E) Electrical potential energy changes if a charge is accelerated by a potential difference. 2 4 wa

T

R, =R,

continued on page 4... ¢
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AlS,

B

Al9.

A23.

A2S,

A positively-c ged particle initially moving North enters a region where there is a magnetic

field directedhdown. The initial direction of the magnetic force on the charged particle is... \/*.
(A) East. Wst. (C) down. N R
(D) up. (E) South. gu R86

The magnetic force on a point charge in a magnetic field is greatest when... W E

(A) the charge moves in the direction of the magnetic field. ¥ S

the charge moves perpendicular to the direction of the magnetic field. T

(C) the charge moves in the opposite direction of the magnetic field. F

(D) the charge is atrest. ¥

(E) the velocity of the charge has components that are both parallel and perpendicular to the
magnetic field. F

The graph shows the variation in radiation intensity per unit wavelength versus wavelength for a
perfect blackbody at temperature 7. Correctly complete the following statement: As the
temperature of the blackbody is increased, the peak in intensity of this curve...

(A) will remain constant.

(B) will be shifted to longer wavelengths
and its magnitude will increase.

© will be shifted to shorter wavelengths
and its magnitude will increase.

(D) will be shifted to longer wavelengths
and its magnitude will decrease.

(E) will be shifted to shorter wavelengths A
and its magnitude will decrease.

!
P

If a photoelectric material has a work function ¢, the threshold wavelength for the material is
given by: K = WF-¢
¢ he ¢ ¢
A) — B) A — D) &~ E
(8 = (B) Af ©¢ D) = E) o7 0= hk-#
=@

A photon of energy 1.022 MeV produces a positron-electron pair. Which one of the following T :
statements is FALSE?

(A) Momentum is conserved in this process. T —_
(B) Total Energy is conserved in this process. T Po h
(C) Another particle must take part in the reaction to conserve momentum. T _ b he
Kinctic-Energyisconserved. F Mass is conserved m s process. 7\0_ ?;
(E) The photon has zero rest-erergy. T ﬂ.
mass

Electrons are accelerated in an X-ray tube by a potential difference ¥ and strike a metal target.
The minimum wavelength of the x-rays produced is 4. The potential difference is doubled.

What is the new minimum wavelength, in terms of 4,7 he . o) NV
(A) YAy Y A ©) A4 D) 24, (E) 441 Moo

In the Compton effect, a photon of wavelength 1 and frequency fhits an electron that is initially |

at rest. Which one of the following occurs as a result of the collision? N - ‘n\:
(A) The photon is absorbed completely. ot eNd

(B) The photon gains energy, so the final photon has a frequency greater than /.
(C) The photon gains energy, so the final photon has a wavelength greater than A.
@ The photon loses energy, so the final photon has a frequency less than /.

(E) The photon loses energy, so the final photon has a wavelength less than A.

Which one of the following will result in an electron transition from the n =7 level to the n 4
level in a hydrogen atom? »

(A) emission of a 0.28 eV photon emission of a 0.57 eV photon
(C) emission of a 0.85 eV photon (D) absorption of a 0.28 eV photon
(E) absorption of a 0.57 eV photon ‘
C-L = -1%24ey| = - & = 0.57eV
L; E’-i > & e ?io y O 5? <

continued on page 5...
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PART B
ANSWER FIVE PART B QUESTIONS AND INDICATE YOUR CHOICES ON THE COVER PAGE.

IN EACH OF THE PART B QUESTIONS ON THE FOLLOWING PAGES, GIVE THE COMPLETE SOLUTION AND
ENTER THE FINAL ANSWER IN THE BOX PROVIDED. THE ANSWERS MUST CONTAIN THREE SIGNIFICANT
FIGURES AND THE UNITS MUST BE GIVEN, SHOW AND EXPLAIN YOUR WORK — NO CREDIT WILL BE
GIVEN FOR ANSWERS ONLY. EQUATIONS NOT PROVIDED ON THE FORMULAE SHEET MUST BE DERIVED.
USE THE BACK OF THE PREVIOUS PAGE FOR YOUR ROUGH WORK.

Bl. While deciding where to hang a picture frame, you press it against the wall to prevent it from
falling. The frame weighs 5.14 N and you push on it with the minimum force of 6.05 N at an
angle of 40.5° from the vertical, in order to just prevent the frame from faliing.

(a) pyThe diagram below shows a side view of the frame and the wall. The pushing force is

shown. Draw all the other forces acting on the frame and show your choice of coordinate Jx_
system. {4 marks) 4
&~ o
-FS,N‘" ‘ l——» x
-
N
g
F push
-
\

(b) Calculate the coefficient of static friction between the frame and the wall. (6 marks)

Frome reccams of rett, $F=O0 -
0.137

x Y
= + =
+F h o * Ny =0 wei‘““"‘/ E’“““y * WY °
. - = Q —
¢ Fpu;h smd = N + ":;,mu + F;;osk s —-W =0
- F Sl‘na -
N push }JSN + va;k cos® — W O
Ms = W= Fpees®
N

e W P oD G 14N = (05N cos (ho.5%

Fosp 8 ¢ 05N smlbio.s°)

continued on page 6...
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Spr
B2. (a) A 0.454 kg mass is suspended vertically from an ideal spring. The mass stretches the "3
from its relaxed length of 6,67 cm to a total length of 7.95 cm. Calculate the spring constant
of the spring. (4 marks)

T —T 348 N/

)
g - 1, IR
| oz =0
S
f, [
k(- %) = ™9
W mqg  O.454 1 80m/5")
b - (%, %) (00795 = 0. 0bh7n)
J k= 3 48x 0% N/, .\vﬁ‘?ﬁ *
o e *

(b} Tulﬁygdeal spring with the same mass attached to it is then placed on a hoﬁontal frictionless
surface, and the spring is held fixed at the other end. The mass is pulled so that the spring
stretchies to a total length of 8.50 cm. The mass is then released and it oscillates back and
forth. Calculate the maximum speed of the mass as it oscillates, (If you did not obtain an
answer for (a), use 3.75 x 163me.) (6 marks)

. 2

:Qr{c:}‘fmlem, so W, 7 0.
Kc. + ué, KC + ug
horizodad | s U= Ugaphe oy

i

Ki t ue.lark'c,L- = K{f + uelae‘»tf
2, . P 2
ému‘-z + "‘2”1‘1‘ . é Uz + %kxg
U;\N whemnm Ud“,hc M‘«wm) 1.6. whewm == 0.

. 2 - 1 2
: ‘sé\"% Al 4

- k- - 348 N/
Up = ILJ; (0.0850m - 0.066%m ) SLEL

continued on page 7...
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B3. A block of wood of mass 1.64 kg is at rest on a frictionless horizontal surface. A bullet of mass
0.0192 kg is fired at the block of wood. The bullet is moving horizontally with a speed of 325 m/s
when it strikes the block of wood. The bullet passes through the block of wood, emerging with a

speed of 127 m/s.
m _ Vi
o M L ot

(a) Calculate the speed of the block of wood after the bullet has passed through it. (4 marks)

Lineor tromandom is c,onwmcl
. N

-

ity = Prot

2. 32 mfg

Mup + MNp = MY

Upe (%6 (0.01921g X325 o)~ 127w)s)

oS M J 64 lea
s \0"'\\‘%r v/ _
W )c\ﬁ(wi‘”\ ! \I-F—- 2.32‘?‘\/§ S
p“«”"} {b) s the block slides across the horizontal surface @ gﬁ&umers an area where the coefficient of ’x'

kinetic friction between the block and the area is 0.111. Calculate the distance that the block

slides in this area before coming to rest. (If you did not obtain an answer for (a), use a value
of 2.75 m/s.) (4 marks)

: 2,

. i 247w
J e -
s NI e N-wW =0
W AxX N W

G+ U+ Woe ® M 4 Up
Ko+ £ A% cos (100 = G
K .:‘?kbx J—MVZ lM\fz \]2
KL 2 t z ‘; ‘p _
Ax= 7 = = = = 7
fe e o o

(¢) Calculate the mechanical energy that is dissipated teonverted-te-isternat-enorgyy in the bullet-
block interaction. (If you did not obtain an answer for (a), use a value of 2.75 m/s.) (2 marks)

%

AE= K= ZIG+ Louf - Loy? 855 T
bE = é( [ EH g (2. 32ef5) 4 O.OI‘?Z‘&?((IZ'?M/S:}Q" (3.z;m,i;f>
AE = - 8557

continued on page §...
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B4. The circuit diagram below represents the circuit in an iPod/mp3 player. Resistances Ry, R; and R
represent the processor, audio speakers and screen respectively. Resistance r is the internal
resistance of the battery. The resistances have the following values: Ry =40.0 Q, R; =35.0Q,
R;=61.0Q and r = 1.20 Q. The battery has an emf of 3.70 Volts.

Ry

V= 3.70 Volts

(a) Calculate the current flowing through the internal resistance r. (5 marks)

Calleolate Q%.

0.206 A

J N
T4 ° 1, aNt
Req r¥ a.*@z*eb

— 3. FoN
[ - = (.
- 20+ 16.790 0. 206 A

(b} Calculate the total power dissipated in the circuit. (If you did not obtain an answer for (a), use
avalue of 0.1530 A} (2 marks)

P:\’I O?é)lw

P= (370v Y 0.206A) =

(c) If the battery has a rating of 1.40 Amp-hours, how long can the player be left on until the
battery is completely drained? (3 marks)

2.45 x 10's o
A= 1 HOAW %?,S: 5040¢ L.80 h
S AY A g
I= T > e B2 S, 5 hexios)
T 0.206 A

At = 245 xi0%s Ih o
S6a0s

6.80

ntinued on page 9...
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B5. Analpha particle (charge of +2¢) with a mass of 6.64 x 107> kg is travelling with a speed of
12.3 m/s when it enters a slit in a plate. The alpha particle accelerates toward a second plate that is
at a potential of 305 V lower than the first plate.

(a) Calculate the speed of the alpha particle after it passes through a slit in the second plate.

{4 marks)
{ ofF E ‘
T Vi:ZoSVAWY Cons nesy [, 72 x 10%m/s
U, El = E,
o+ U= i+ U,
9 V7o € gV = Kt %\Jz
U
2 )+ gV = K,
.Lmu;z + ﬁ’\ll - .}_mu"zz

2 2 b ~14 '
Uz:ﬁ + ,ﬁ\}‘ */(.’2'3‘“}3)24 2(3.204x 16 CB(SOS\D

m b.6H x 107 %7

el
{\U‘z = [ 72x f’ogm/s

(b) After passing through the slit in the second plate the alpha particle enters a region where there
is a magnetic field of 0.185 T directed perpendicular to the alpha particle’s velocity.
Calculate the radius of the alpha particle’s trajectory while it is in the magnetic field.

(If you did not obtain a value for (a), use 1.50 x 10° m/s.) (6 marks)

C 0.0193m
= ! | ®- E 1 G = wifrm wrelars
e . ¢ "3 moh'on

Newrm I -
TE=ma
F - ma
mag N

B sm (90,07 = MV

¥ :

- oy L x 10 Y, ¥
cs 09 (et x 10T Y1, 72x10%) o

‘OLQ> (B.20kx167"'CY 0.185T)

continued on page 10...
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B6. Ultraviolet light of wavelength 226 nm illuminates a metal surface in a phototube and electrons are
ejected. A stopping potential of 1.15 V is able to just prevent any of the ejected electrons from
reaching the opposite electrode.

(a) Calculate the work function of the metal surface. (3 marks)
\Is«k;? = LISN => me = |/5eN

b o W~ = - &

4. 3l eV

@ = k\’c X - (4',!3&)(‘«OF/(;Q\}‘sXE,OOfo?mi’;\)
)\ ™Mox ——

224 x /o'ﬁm

@: l{ 3Y ev

i e

I.15eN

{by Calculate the maximum wavelength of photons that will cause electrons to be gjected from the
metal. (If you did not obtain an answer for (a), use 4.50 eV.) (3 marks)

At Hheeshdd ) K, = O, 286 nen

A T

\. = (21.!3’4 x167%ev. SX&oo»( fogf“/3>
o -

L, 34 eV

(c) Calculate the maximum speed of the ejected electrons. (4 marks)

- 2 Lo

oo = é“\u;‘w 5.50x10%m/s

———m—y
U = 2\("“’*‘)‘

oA
M
-, ‘/2
b = 2(IJSeVXI.(;OZxFo"HeV/TB }

Moexx

9.109x10 > kg

(’5';; 6.36x% tagma

\“\A—.‘._.—-M S P

continued on page 11...
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B7. In ascattering experiment, a photon of wavelength 0.0100 nm is incident on a stationary free

electron. The scattered photon has a wavelength of 06-66134 nm.

e
(a) Calculate the scattering angle with respect to the direc%ion of the incident photon. (4 marks)

{;\arri;vi'm‘s (:;C,aﬁe.r ving ,75 IQ
NVon: A (1 ws®)
mn, C

MeC ’_ e <8
NN e

N e

-3 \/ ~ ¥
| - (9:101x16 g (3 00010 m/5)(0.0//8 10 T

COSE} = T3k 4 -
L.62bx 10 3 T s - o.oloox!{m)

(6= 75.1°)
{(b) Calculate the energies of both the incident and scattered photons. (3 marks)
Y
E= he_(6.626x10" 7.5 {300 x10%s) incident: n
3\_2( l - 10e/5) incident: .99 x 10 f‘fI

0.01D x 10" 'm T
scattered: /, é? X 'O' T

E = 1.99x1077) (1988 4167145y

E's he . ”/,é8x/o'/q?’ (/,485x15”qﬂ

/

{c) Calculate the kinetic energy of the free electron after the collision. (3 marks)

C0ﬂ3"~ of Eo‘?.rgay : 3.03)(!0"{7
E= B4 ke,
K- = E- E/ = }.4)88x|o"“-_; I N T P

). = 3.03xi"°7

END OF EXAMINATION



Physics 115.3 Final Examination Student No.:
December 9, 2009; Page 5

PART B
ANSWER FIVE PART B QUESTIONS AND INDICATE YOUR CHOICES ON THE COVER PAGE.

IN EACH OF THE PART B QUESTIONS ON THE FOLLOWING PAGES, GIVE THE COMPLETE SOLUTION AND
ENTER THE FINAL ANSWER IN THE BOX PROVIDED. THE ANSWERS MUST CONTAIN THREE SIGNIFICANT
FIGURES AND THE UNITS MUST BE GIVEN. SHOW AND EXPLAIN YOUR WORK — NO CREDIT WILL BE
GIVEN FOR ANSWERS ONLY. EQUATIONS NOT PROVIDED ON THE FORMULAE SHEET MUST BE DERIVED,
USE THE BACK OF THE PREVIOUS PAGE FOR YOUR ROUGH WORK.

B1. The lunar module used in the Apollo moon landings had a mass of
1.53 x 10* kg. Usetul values for this problem: radius of moon
=1.74 x 10° m, mass of moon = 7.36 x 107 kg.

(a) Calculate the gravitational field strength (gravitational force per
unit mass) at the surface of the moon. (3 marks)

- Gmm,

3((»4 = mamm

2

r

. GM L6Fhx10 Nt
Smom —R—a '-( ° T

1162 N/l
k? A 734 x10%lg)

(1 Px 10%)?

(b) Calculate the weight of the lunar module when on the surface of the moon. (2 marks)

W = mq 2.48 x10"N

W= (153x10% 0 Y1628/, ) =

(c) Calculate the change in gravitational potential energy when raising the lunar module from the
surface of the moon to an orbit 8.00 x 10* m above the surface. (3 marks)

AU, °

‘ﬂm“’ jfﬁk{g -

u
J Laoxi's

N,

Mlypu= = Gltw (Gl

¥ C,
Al = GMM(’L __z->
rt‘ r‘p

Auﬂr&, = (6(, Fh« fo"'u‘m"‘/u%&X? smo”uﬁ)( 1,53 x,!Oql@) .
| | N\

R continued on page 6...
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B2. Anelectron orbits a proton at constant speed v in a circle of radius r.

(a) Derive an expression for the orbit radius in terms of the Coulomb constant £, the elementary
charge e, the mass of the electron m, and the electron speed v. (5 marks)

Newn TL e Circular Mohion

2
r= k"'/m,\ra

A

(b) Calculate the radius of the orbit when the electron has a speed 0 2.19 x 10° mv/s. (2 marks)

5. 28x 16" m

r= (399 10" n.er CZXI.QGZMJ”’C)Z —
- = (0. {
(9109 %107 g Y 2,19 x1abwfsy | (2:AEX10 ™)

{c) Calculate the time for the electron to make one complete orbit around the proton when the
electron has a speed of 2.19 x 10° m/s. (If you did not obtain an answer for (b), use a value
of 5.00 x 107" m.) (3 marks)

- nr 1L51x107"%s
T
T = %ir-r: 2“{‘{’(5-2?)(!0"!{“\)—

U 219 x (0°m/c

continued on page 7...
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B3. A car hasamass of 2.15 x 10* kg and a velocity of 17.0 m/s. The car has a collision with a
stationary car of mass 1.92 x 10° kg. The two cars stick together after the collision, skidding
across the road.

(a) Calculate the speed of the two cars immediately after the collision. (4 marks)

D:Ai =0 8-?8 M/S

Ug, Uy

CO!’\S‘ Qp Lineor Mom e

mAU;M‘ ¥ m&%[ - W\.AU;.\_‘. + me'fs?@
MU = (Ma+mg )V
M, Up 2, - | B
e O @usnotls (o) oy
CMAWB) (2 ',S'_’_ I.QZBX /03"3

i

(b) Calculate the mechanical energy that is dissipated-eenverted-totmtesnat-cmergy) during the /’é

collision. (If you did not obtain an answer for (a), use a value of 8.50 m/s.) (4 marks)

LE = NK = ¥~ L47x10°3

= 4 z
AE 2 (p+my) Uy émAUAi

) 2
e = %((2"5+ ’-72))4 10° LLa}Xg.g?m/S)
; 2

- .

i . :}l A",'i!_,r © s
N ) s ;{ ; -r.Om/;/;

wognibds of the 7

(c) Calculate theAimpulse that acts on the skidding cars from the time just after the collision until
they come to rest. (2 marks)

Impu\s& = ZEA{— = AE 3.657(\0“!.(5'“/5

[ Toptse | = lapl = Ty - pi |

= ‘ 0 - (TY\A-HY\a XW‘F\)\

= ((2.15 + 1,92)x 10%kg Y 3. 9Fvs)

= (3.45%10% 1y m/s

continued on page 8...
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B4. The South American Black Ghost Knife Fish (dpreronorus albifrons), senses prey by generating a
weak electric field around its body. The strength of this electric field is 0.300 N/C at a point

10.0 cm directly in front of the fish (point A). In this problem you may neglect any electrical
properties of water.

o
E =0300 N/C
A P
-------- P m—— - — >
10.0¢cm 8.00 cm

(a) If we were to approximate the electric field generated by the fish as being due to a single point
charge located at point O, what would the magnitude and sign of tha‘.tcharge be? (5 marks) ﬁé

—gt id;l-?‘ —}‘n ‘H\Q rcgt«f 5} A +3'3qx!o-/3’c
r?.

@ ]’\‘WK" \1)-& e,

E = L‘-—‘-?‘ = lal= EC°
r be

= (0.300N >(O.¥00m>2
<

3,9%:0"&&/‘:3

| a

{(b) If a point charge of ~2.00x10™" C is present at point P (representing the prey), calculate the
net electric potential at point AY (5 marks)

-3
\/A - VAo + \'/AP 7.55x16 "V
VA: L_(_Q + lfip
Ton Tea

AN

9 2 -13 -2
O0.100m (0-0800m>

continued on page 9...
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BS. A particle with a mass of 6.64 x 107" kg and a charge of magnitude of 3.20 x 10 Cis
accelerated from rest through a potential difference of +2.45 x 10° V. 4

(a) What is the sign of the charge? Justify your answer. (2 mark) Civcle yowe d"""@f OMA *¥
A +we potentol difkemce neanms Hhe sty you doe o
Poivem{\bf s 1alreasy. A C/'ncxrﬁe_ ‘ ne;gojw-e Lw(a’w‘
accelerades 1n He durechos 1o whecdds ik electicad Pg-t-a“fmk
Eneryy decr eases.

O Lo AU = %ﬁ\j} SR (,(g\lr wham \jf}

g mast

f\&s?o;j‘s‘vé,
(b) Calculate the speed of the particle after it has passed through the potential differen\gx -~
(3 marks)
E(\Qfﬁ\f (s C/OOS'vaﬁd 7
T s U .54 x107m /s
G+ U = K+ Hp

O+0 = Fmuf + gV

) -2
- \l_p = —Z’mU_‘p

Z
Uy = /— ZGLV{: . <~ 2(-3.20%06 'Y 2.45 x(d"’\))) *
_;-“- , e.éLixfo'Z? {Oj
{ U(i = |54 X/O?M/S
w

[ 56v
(c) The particle then enters a uniform L£60-T magnetic field. The particle’s velocity is
perpendicular to the magnetic field at all times. Calculate the radius of the circular trajectory
of the particle while it is in the magnetic field. (If you did not obtain an answer for (b) use a
value of 1.40 x 107 m/s.) (3 marks)

— - O o

E’mﬁ J_ U > Carcetosr g O- 2| 3 m
{F{ = Mag

F‘ s ﬂ\i};’

8 sin (907 = o
gk s .

o _ (664516 1g X1.5%%10%0/5)
|cﬂ€> |-3 20v a7 % i 1.507T)

(r = (,2l3m

X,
Ju——

continued on page 10...



Physics 115.3 Final Examination Student No.:
December 11, 2009; Page 10

B6. Ultraviolet Jight of wavelength 226 nm illuminates a metal surface in a phototube and electrons are
ejected. A stopping potential of 1.15 V is able to just prevent any of the ejected electrons from
reaching the opposite electrode.

(a) Calculate the work function of the metal surface. (3 marks)

\]S-b?: ],IS\J = Km“!: 1.15 eN
(oWl g = - g

4. 34 eV

¢ < he _ km - (L/.fg(.XEO-/SQ\)-SKX;‘COK!OKM,’,B‘)
» " 224 x 16 Tea

R

— l.l5eV

(b) Calculate the maximum wavelength of photons that will cause electrons to be ejected from the
metal, (If you did not obtain an answer for (a), use 4.50 eV.) (3 marks)

At ‘H/}(esko(d} Kmmx: 0. 286 nen

W, -g= he_g =0

-

_ﬂ’g:¢ = }\02 —'C'

) - (1—1,136 w167 %ev. ng,ocx !Ogm,/5>
] T—

L 3 ey

(¢} Caleulate the maximum speed of the ejected electrons. (4 marks)

i 2 - ]
Coas = 5 ™nss 6.50Lx10%m/g

ey
g - 2 Wnay

Mo
M
-19 A l/z
o - [2(tse Yz xieT e /1)

9,109 x10"% kg )

R

continued on page 11...
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B7. A photon is incident on an electron at rest. The scattered photon has a wavelength of 2.81 pm and
moves at an angle of 29.5° with respect to the direction of the incident photon.

(a) Calculate the wavelength of the incident photon. (3 marks)

2.50pm

D LAY Ty

el

}( - .i"l (;»@g@)‘ A

theC
291015 % — (6626x1077 55 )
(3.109x10 kg X 3.00% 10%/5)

(1- cos(2259) = N

(b) Calculate the final kinetic energy of the electron. (5 marks)

877107 7

Ey Ey + K-

|

- - /
ke- - EY EY
= he he <,, 4
Ke W\;\’ - i—; \AC la >\'>

K = (662bx1a T 5 Y300 xifussy /0 |
Q.E_OXIOFIZM 2.81 ){loﬁ,zm

END OF EXAMINATION



