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INSTRUCTIONS:

1. Do all questions. Marks are indicated in the left margin. Budget time accordingly.

2. Write your name and student number on each page.

3. You may use a calculator. All other aids are prohibited.

4. Write answers neatly in space provided. If necessary, continue onto the back of the page.
5. Do not erase or use “whiteout” to correct answers. Draw a line neatly through material to

be replaced and continue with correction.
6. Assume all information given is accurate to 3 significant figures.

7. Don’t panic. If something isn’t clear, ASK!

SEE LAST PAGE FOR SOME POTENTIALLY USEFUL
FORMULAE AND CONSTANTS
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SECTION 1: MULTIPLE CHOICE. (answer in the box providéd for each question)

2] 1. An UNCHARGED conducting object a contains two cavities. One cavity
contains a point charge of +2q¢ and the other contains a point charge of -5g. Which B

of the following statements IS TRUE?

—

— —
A. The total electric flux through a spherical surface b / AN

completely enclosing the object is 34 . / \
& I
B. The total electric flux through a spherical surface b \

completely enclosing the object is =34 . \ : a y,
b

60
\\ )

—_—

C. The total electric flux through a spherical surface b
completely enclosing the object is 0.

D. The total electric flux through a spherical surface b completely enclosing the
object depends on the area of the surface.

[2] 2. Which of the following statements IS TRUE? D

A. The electric potential on the surface of a charged conductor is highest at
the point where the surface is most sharp.

B. The electric field at the surface of a charged conductor is parallel to the
surface of the conductor.

C. The excess charge on a charged conductor is uniformly distributed over its
volume.
D. The electric field just outside the surface of a charged conductor depends

on the surface charge density.

[2] 3. A cylinder with a cross-sectional area A has a length L. The resistivity of the
cylinder material is p. A battery is used to apply a potential difference AV across C

the length of the cylinder. Which of the following statements IS TRUE?

Ie L >
P

A v=i4 B. v=24
pL L
C V:_I’;L D V:-p—L
A 1A
E v=1p
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4. Three points are located in a region of uniform electric field as shown. The line
from A—B is parallel to the field and the line from B—C is perpendicular to the
field. Which statement IS TRUE?

A. The potential difference V, ~V, is negative.
.
B. The potential difference V, —V, is greater than the
potential difference V., -V,
C. The potential difference V, —V, is less than the potential
difference V. -V,.
3
D. The electric potentials at points A, B, and C are equal. 7 v
E. The potential V, -V, is zero.
5. Four loops, each carrying a circulating >
current [ are located in a region of uniform
magnetic field as shown. >
£/ B
e Loop A is a circle with an area of 0.02 @ >
m? and the field is parallel to the plane d | D\ /
of the loop. \ —— >

C

¢ Loop B is a square with an area of 0.02
m? and the field is parallel to the plane of the loop.

e Loop Cis a circle with an area of 0.02 m? and the field is perpendicular to the plane
of the loop.

e Loop D is a circle with an area of 0.04 m? and the field is parallel to the plane of the

loop.

Which of the following statements IS TRUE?

A.

B
C.
D

m

The torque on loop B is larger than the torque on loop A.
The torque on loop C is larger than the torque on loop A.
The torque on loop C is equal to the torque on loop A.
The torque on loop D is larger than the torque on loop A.

The torque on loop D is equal to the torque on loop A.

D
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SECTION 2: DO ALL FOUR (4) QUESTIONS

[10] 6. A thin insulating rod is bent into a half circle of radius » =0.05m and is uniformly
charged with a charge per unit Jength of 12 uC/m. Relative to the centre of the half
circle, a point charge ¢ =—5.0 uC is located at 0.1 min the x direction and 0.05m in

the y direction as shown.

(a) What is the electric potential at a point P located at the centre of the circle, as
shown, if electric potential is taken to be 0 at an infinite distance from point P?

(b) How much work would be done in moving a proton from infinity to point P?

(& Fon THE POINT ¢ HARGE s
Vor = 4. (eqax 10 %)('{xlo"c) A=12 pC/m o
o 0.05m

r m" osm)* . v

Vpe = - 4ozx10” Y

Fon. THE BENT noon
pisTANCE FeoM o0 T ponT P 1S AL\»A‘fSk;\' 'z_;; ::;:: m —»|
Vvd'jo‘v:&f}f\ﬁ”: 57\_}3——.—7({0‘5: . - ka7
Viod = (8.99%10" —"l—'—g;)(l?.xlo'b C/m) 7
Vyod = 339x10° Y
b \ f\/mlz.L[,oleOS)/ +g,gaxleV :‘e,zix!O'*\/‘
o \{;: va (Vg-Va)s™ (1.6x107 )(-6-31x107 V- O V)
@ we” E o AGENT (MoVING A pos MUELY CHATLEED

ceATIvE POTENTA ")
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[10] 7. An insulating shell consists of a sphere with a radius of 3.6 cm and a concentric
spherical cavity with a radius of 1.8 cm as shown. This shell is uniformly charged with a

density of 2.7 uC/m’.

(a) What is the total charge on this object?

(b) What is the magnitude of the electric field 1.0 cm from
the centre of the shell?

(c) What is the magnitude of the electric field 5.0 cm from
the centre of the shell?

(d) What is the magnitude of the electric field 2.5 cm from
the centre of the shell?

QV = Q (‘%/‘% (V':ﬁex - Y‘inwfr)}

@ Q

Q

h

(2.2x 10 ™¢c /m3) %— ” [(0.03(1»“)3— (O.OI8M>3}

n

e ~4
o = (2.72x10° ¢/ud)(. 210 x 107" m3) = 4(2%1077 C = 4.62%10 _uC
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[10] 8. The graph below shows equipotential lines around three point charges; A, B,
and C. The lines are drawn in steps of 10 V for all voltages between -30 V and
+30 V. The electric potential is taken to be 0 at infinity.

y (om)

(a) Which two charges have the same sign? What is that sign? A<B Are NEGATIVE

(b) Is the magnitude of the electric field larger at point d or at point €? Briefly
explain your choice.

(c) Using the scale on the ¥-axis and the equipotentials, estimate the
magnitude of the electric field at point e.

(d) Carefully draw the electric field line that starts on one charge, passes
through point h, and ends on another charge. Be sure that the direction of
the field line and the charges on which it starts and ends are clearly shown.

(e) How much work must an external agent do in order to move an electron
from point f to point g? (hint: be careful with the sign)
© 181-4L |, 4 e DisTavce BERScEN Eamipormina UNEs MEMNS
dr

4 Ao AT POINT €
ﬁ SM A’LME". FieLo, / 4

- dVy _ 29V _ 50 V/ew = 5,000 V/m
@ 1Bl =& = &y " odem

(d) see pinanam ABOVE

o LINE STRIRTS AT C AND eNos AT A

o LINE IS PEXPENDICU UL To EACH EBWIPCTENTIAL LNE (T CRLOSSES.

ac)(-20V- (-1o¥)) = 1.6 * 107" J
Jov-tm )

@ W = ?—Av: (—l.(o x10 SIMVE Wwonk Fon AN

REQUINES PO
s AGENT TO MOVE A

NE@Aﬁvevr cHmMeEn OBJED TO e
A NEG(ON OF MOIE NECATIVE POTENT?
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[10] 9. A uniform magnetic' field, directed into the page as shown, exists to the right of a
barrier. An ion with a mass of 2.5x107 kg and a speed of 5.7x10* m/senters this

region of uniform magnetic field through an aperture at the origin as shown. The ion
moves in a counterclockwise direction around a semicircular path that intersects the
barrier 6.8 mm above the aperture as shown.

(a) Is the im@harged or negatively charged? y

(b) What is the centripetal acceleration of the ion when it XX X
is in the region of uniform magnetic field? ' Ny

_ 6.8 mm X ‘: X X
(c) Assuming that the magnitude of the charge on the ion M _
is e (1.6 x 10" C), what is the magnitude of the magnetic X, x X
field? O SR i X

— 4
v=5.7x10"m/s X X X

(d) A negative ion having the same speed and magnitude
of charge but a mass of 1.75x107> kg is projected through X X X
the aperture and into the region of magnetic field. Where
will its path intersect the barrier?

2
l.’
TS, S

= (o.ooao%m)
2
@ F = z 2?/5 B ma (Z-leo'u'kg\(t?'“"’o '“/Si)
&= Vv s = =07 gv _(I.ax/o"*c)(s’,?x/o"m/s)
- 4
@ _mv o (175D 264g)(5.2710 mS) S agxio"Em
r=—5 -

98 7[,(‘,»:}0'”6) (2.62 T) = 2.8 mm

:_2r= —"{-?’@MM *
It INTBSESTS The BAUEN AT Y
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Some Potentially Useful Formulae and Constants:

F k qqu

r
2 12
7

Physical constants:

1
4re,

k = =8.99%x10° N-m?*/C?

e

£, =8.85x10™" C*/N-m?

Mathematical formulae:

dr _ 1
r’ r
dx =Inx
X

J‘ﬁ—ln[x+m]

A-B=ABcos@=AB,+AB,+AB,

e=1.602%x10" C

m, =9.11x107™" kg

I( -

x +y )3/2

e

J—‘—
J_A

AxB=(AB,-AB,)+(AB,~AB)j+(AB ~AB





