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Part 2: Long answer probtems (4 x 10 marks each = 40 points)

NOTE: lt is suggested that you simutate an actual exam by setting aside 3 hours

to do this exam without interruptions, using onty the formuta sheet and your

calcutator. Once you have finished then check your answers (see end of this fite).
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Part 1: Muttipte choice questions (2 points each -total points = 60)

1)

3)

(r F

Which of the 1bifu-rwirrg tliagr:urrs replerert the lbrces thut tLrle.t' chtugetl ohjccts ruiglrt exert
on each other?

----.. {r\&* tr E-d

(a) 6.95 x 10-35 N/C r,rlong tln -g-axis.
(lr) -1.76 x i()+14 N/C nlong the -u-:r-tis.

.71 x 10-:r N/C along thc -g-ixis

(Pie.l),./

9 s,rre ?z oll -.a
-at-f a.Jl b a-r< ?te{*

(I, '))

(a) Fig.1 extn
3io..)

is.3.

(d) Fig.1 arrd Fig.3. hut not Fig.2

(e) Al1 tirree.

2) The lbrce a<'tirrg r.rn ar 4.337 x 10-16 N alorrg thcf)-ruris. trVhat i-s the uragniturle
alrl rliltctiril of thr,. r:loc tI l(' li(,iri r|r ll)r ;rl lItr r It'r rt'()tt : 1r,,-iti,,ti.':

E. E
0
0

({l) 2.71 x 10+:r NIC nloug tlrt' *.ry-rxis

(t') Dcliued on11* 1bl n positive charge.

Irro p,,.j1ir1,l1 111;1111,rl,rlrilci- ill\'r,lr lll(,.r-;rri:.;t:'lLout-
;r iru,tlr ,1r;r9r'llr;rrr tlri'rrlrli'rt ol ilLt Li,tlrt.

helow. The object ol the left has

holL cLn-a.o,
'* firftff,,;v r.+,^

. il r-"osltloll ls I "el

E 4 3i7"ro''
t.GCa

L+(o w

L'IL cL^n..^
o,uAh"-U t s.
lro p'(L,u (.

' F^"1 'o
*r{'"

f)n the rr'-n-ris therc is a l.nsitiol rl{tere -E : 0 N/C. This p

.{( tr., tlr" leit of the huger c}lugc.

(b) hett'eel the tu'o chfrgcx, llrt closer to the largKharge.

c) lletrvcel the trvo chaig*, exactly ir1)dit nidclte.
ta

bctwccn the tn'o chargtx. lnrt closel to the smnller chirrge.

to the liglrt of the srrnllcr charge.

(.1(.ct

2203-SN2-RE E&M Sample FinaL Exam (new program)

'\\a_.
P

( 1)



4) A -.1 rr('r.lrargr. is irt tlu. or.isirr- as slrorrlr l,(,1{)\.. (Each square is 10x1Ocm)

!t

\fltirt :rrt. t lrt' <rl nl!()n('lrt s (Li". E,,l of

(il) ()€{.xrN2). E
(1,) (-2J1.+lri2).X
(c) (ffr*2.+2l1). E
,l i.l. /ll1

5) A@111\lr,u.gerl parricle is iu a
(i: -r,i) the urnguetic lbrce it cx
rlritgnctic ficld vcctor 1>oiuts irlolg

(r) thc 1.r.rtxis (1i).

(9,n" f31-rr-xis (1j).

-1"; tlr" +:-axis (+i.). n

(d) thc -u-tr-xis (-j).
(e) some r;thel rlirectiori. uot listed

Z rBJlc,x
(- *)

6)
+

(ll,,tDl,,"r vclcrcitr ir : (-300 lr/s)i * (+-100 ur/s).j. It is urovirrg tlrrough a uuilbrur
tuagrretic ficld B : (0.5 T)i + (+0.5 T).i. The ru;rglt,tic ibrce actiug ol rhe pr.otou is:

tltr.r'ktlri<.tir.Il;rt t lrr' lx rc,,it iorr "X'. rrrr.trrrrrrl irr N/(.1,

x .-K?"(fu\ =-K+(A\. ,- ,.-
1 = * Kt (}) =.K+(A /'"^*

-.-.=
Y= 7v*E
tt" /t*.r/",".-n grr^ I c{n4 fr

$,r* 
tr'^ &'-*A 4,*.L\ .'

E\

(a) +8.01 x 1o-rE N i'.
(h) -8.01 x 10-18 N i.

+5.61 x 10-17 N i.-

-5.61 x 10-1? N i.
)

\8r,.-.o A;O

ril-e(

(c) zero.
F =lot

L,-.,.-
,OI
---9 U.Bt - Al8\tltar,\

-- 

l+" o\(r') - ('+r,Y., { t
--'1- suo\1.rr,o-'o) =- t,6 y';'''

^Jk
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,ale: /",;!

poilts alorrr
,/.f

-..fF'

^rLil, ue.A,4u k^o.,'/L--'4 
Tr^ 4*e ($L/,hu, !::_5:

l- As it utoves alorrg tLe.-.r-ruiis q -a[:rj
the -:-axis (.fl" : -f'[.). fn" u'

xl)| = tv't)
!-< d'l ' I 7**t ('-$ /J)

r,,D$lo{'r- ,*1, k b-'J

V.4*4
7



7) A coldrtctilg lotrp altl n long straight wile rue shorrl P. -r
-L), fe- B"a tJ.tt
1,*.,u J &a
ar'tlrti1'*

Thtre is a cunt'rt alolg the wire ir.ntl i1 cul'rerlt arorrnd the loop. If tirc nragletir: lielrl is zr-ru
at the cclrter- of the 1oo1-r then directiorr of crurerrt flow in thc nire nnd in the lo<-rp nlrst lrc:

(a) right: clockwise. :) o--0c.,a r.l ; '; c.ro-l- ' ,./
(h) r'iglrt: conrrter-clochwise. + o\-$,.^ja"r L. ; Ar*rr*rA X
(c) lett: clockwirie. :=> r\ulu-r*; i.^r,r"r-zl . X

lelt l cortttter.clockwise. ir",.rnrl ; acL+,^ ^A u"
ttrro of the t]re alxrve ar('co1'r'ect.

If a protorr is in a unitblm rnagletic field 37.3 urT (pelpendiculirr to the plotor]"s vek-rcitv).
how ruirnl'orbits will the protoD hirve corlpletetl rlller 20.0 psi

B)

e)

rl

(c

ll
(b) 75

(c) 22 thousmnl

(d) 137 thousrurtl

(e) 3.6 urillitru

Il a ulilbrm clectr
poterrtial Vn - 1'-t
?/ : 10.200 m?

(a) -22 V

(h) *18v

f.{B=,rf
att qB

va zltf

Oo 1.67 y

r - -li \ ( t1llr.rl i' rlrr',li1i'tltrrr'lrr llcrr r l('

rrr. y : -0.2[X) ur iurrL B is at .r' : t]. tlol) m.

t- 4L-\ ' 2irq
U.b\'to 1r,{)

lO-Z?)
rb+.

5.7xD

r a""I

7 {

ic lielcl E : (132 N/c)
if ,4 is nt .r' : -0.050

AU' Je.a, = ( er$r ( rray\
- 1zrl o )) . (1 c'/i(r,r] r " d
+ tpvOV

+18V
(e) +22 \,'
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10) \ lrctu'ecn tlie opposit
negative p1ate. ,A.s it rnor''es closer

,6 l;l /ov ora Au. Io;.
94f LL }tt V an.l AaI. { 0 J.

L|'{oY anrl AI/. /o.I
AL'5V and At/* ( u.i

elv chnlged plates of a crirpacitor is llurrclmd tot'ards the
to tlIC rrcgatl\'o Plltc L 5l^€---T.- tr

+f1-+L Va-r

v.\fi" \E ,1 Vn,vu
vt ) av,.o g^ at, 'fi

11) \\'lral is thc specrl of a

its iritial specd n'as {.2

rll

c)

x
atter it iri^*r cltx;set1 tr poteutial diffelelrce of Al" : +9 V if

nr/s? Lu+ ArK. O
(a) 1.8 x l0'ri tu/o. , AV , AK :
(lr) 3.8 x lU'6 ur/s. 0 '
(c) -1.2x lor(i ,r/s. Xt= )^u!,/.. v

8r*uxlo+uur/s. V

o
K; - 1tr/
i tr'^ (,tu,o)' - 7-ua;1($
,l . 6 >.t o6 "./s

12) An electric tlipole consists ofcharges +5.00 pC separated by
1.20 mm. It is placed in a vertical electric field of magnitude
525 N/C oriented as shown in the figure. The magnitude of the
net torque this field exerts on the dipole is closest to

5.{10

t.l2.02x10-6Nm A= pESuO, \
8.15x ro 6N.m -hEs,;t4o")
2.41x 1o-6 N'm , l*r-\1r.0r,") (ses)

I

b

+5.00 !((b)

(c)

(d) 1.01 x 10 6Nm

(e) 1.21x106Nrn '- 2,u7vto- 6

,...$nn

13) If the current through the 6ft resistor is 24, the power
dissipated by the 4C) resistor is

40w
36W
24W

AV IL0 '%u
Lt

AVro=G.YIA= tzv = Au^n-

a

(r()

4Q

(d) 16W
(e) 9.6W

P
/1

5

( L'( l jt,l

-__-+2A

+
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14) hi tlie cilcrdt showrr hclol, each lesistor is 100 Q. Thc crurclt flowinEl tluixtgh thc 25 V
lrattery is 200 mA. ancl the cttlrerrt flowiug through the 10 V l)rlitely is 150 nrA.

The trurent tluorrgh thc rcsistol in tlie celter is:

'of==,t$,a (/,;r\

/or"o
= t lz;- zt\= t(s\
-- ti,o- r)=rCr)

ri\oA t.ou rr torvu'cls h

lffir,A. tiorrr lr torvar-rls a

50 mA tloru zr tonriuds lr.

50 urA ii'onr h;(urls a.

0$

€,= 2tY
(A*\11,1=w^e

\- 61{"ta,.< l+
,-Ue €uer1n:

I& j'f

{-" o-1"- [* : Cr*rte-t Yw-*{ La C u)

$r Av,6 3" va> la

& i, I

AV. b
= l0Ot

(,. )

( l,)

OI<>l ={v --{e= 

'or|
AU

I

\ L,nr)

,t

(")

)

d .,1

b--a-Aa ua
E* GlJ 

"PJ/:c)

v+" o

15) Tuo unilbrnly chalgcd rings ale placcd on lhe r-axis. as

shorvn. ljach ring has radius 1? and lotal chr,u ge (l < 0C.
Orre ling i,s ccntele,d ilt.r = -2-R. and the othet is centered
:rt the oligin. At thc oligin. rvhtrt is thc.t-component of the
net. electlir: {ield?

(tr)

'".)

d
E

tr: d^ alc.

f

*w
\,/ z h" QtA\EF(b

<rl{
G)t1,"+ *#b
(e) 14

ft" tQl
R2

i?"lQl-et

- ZaP-

( rR'Y'-

1 6) A pair of charged conducting plate
of 12,000 N/C, directed to the right, between the plates. The
separation ofthe plates is 40 mm. An electron is projected
foom plate A, directly towartl plate B, with an irritial velocity
of u6 = 1.0 x 10+7 r/s, as shown in the figure. The distance of
clpqgqt 4pproach of the electron to plate B is nearest to

I1

E = li,trOti N/L'

I --j>_

(a) 16 mm.

(b) 18 mm.

(c) 20 mm.

(d) 22 mm.

24mln

-o
fl;

AV=

'..-

l,Ox(o

+K, urr4
oia
0- <-_ _10 mm -__-_-+

!.)

:i3 6Ed,= 
L.tt'v,

d
,L

4.1( ,r(o-1' ( 1'= [e737u
" /4w^

6

qC- 2(t,6ur"-''
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17) The charge on the square plates ofa parallel-plate capacitor is Q. The potential across the
plates is maintained with constant voltage by a battery as they are pulled apart to twice their
original separation, which is small compared to the dimensions ofthe plates. The amount of

Al>12- -

charge on the plates is now equal to

(a) 4@. a _ &,
b) 2Q t AVr

L

a.

Qt2.
/y,/r,

Al" AV,

_0
aY 7 o,/x a

oo

C

/t,P,L

L;r I ;;t) \

lrl .(10 \'

-/5 V

-500 v
- /)u v

cl

AV= - L

0
{o

Q,- IQ,
cL a"/94

18) Tu,o conclrrctinp; ltxrps ale iu the plane of the pirgc. as shoN.rr
&"o1o l"# bt'

{.

-i
Cr-'-"

-^
ugaf

t

0

rf 4 c tCt'

Ct) cu;to"

-lo 0
flplI I'

A

ln, r€" !*1
Jer fl

rb cn'
,rgf J

t.?- o,1

C
'11

The crurerrt tr ountl the loop ou the ltft is iuiti:illv zcro. increasr:s up to a lar.ge clockwise
runert. tircr tlerLetsts b:rt* dormr to zelo. The currelt irxlrr<rxl irr the loop orr the light is:

itriti;rllr r 1,,, lirri-r,. tlrll lrrrrrt,,r-t i,,rlin.irl
(b) iuitialh' clockrrtse. then clockrvisc agairr.

(c) initinllv counter.clockrvisc. therr clockwise.

(rl) iuitia.itv courterclockq.ise, thrr corurter-clock'wise ngail.

1 9) Clrrrrtrnt ilowirr€i tlu'orrgh n 80 nrH imluctor inercixts ti'om .100 rnA to 1.2 A or,'er. 128 ps- If *,c
cross tho inrlrrctor it the directir.n of current florv, the difi'e.r'ence in electric lrr.rtcntinl is

di
,tt

d;
4.:

{f
.4.!f--\'- llYa

= 6zgA/s

-1x0",;)&.*) - 5U)t/

7

G)

@
@) Qta.

1

('
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2Ol The capacitors in the network shown in the
figure each have a capacitance of 5-0 pF. What is
the equivalent capacitance, C,6, of this capacitor
network?

= (a-+)'
(a) 20. pF

co
U

L

.o pF

(c) 10. pF

(d) 5.0 pF

(e) 1.0 pF

Z
?a2-:
Z

&.+)'=
9 rLo

"fl
Cfi

LrC=
2-

/-r- * a-\(c Y)

/z *L+ !
(71 62

/)'1c
-5'

= *6"-d = S.oiaF

21) For the circuit shown in the figure, what is the
equivalent resistance of the circuit?

(a) 52 o
G) 19o

1.4 fJ

(d) 33 o

t6^-{ JL

= &st
2

\-l
)- l,4te st

: (:

22\ For the circuit shown in the figure, the switch
S is initially open and the capacitor voltage is
80 V. The switch is then closed at time I = 0.

How long after closing the switch will the
current in the resistor be 7.0 PA?

(at 95s -- - AV, = 
yo't

-L -<- 2.Bo/
(b) 78s ., K

-+ /-(c)6es I(€). Ao?''-;: 
To,,A =- 2-{'s"v4 (

on 
-- L\.9a,rr4

,)*" Z = Pc = (z\Lz'\' tt' a

--t,/r,.\ + t = 96.6s

31 pll

2'1,'

1.8 M{}

(d)

23) A proton is initially moving with a velocity { - +(700km/s)i through an electric field

E - -Q.SION /C)i. How much time does it take for the proton to have the same speed

but in the opposite direction? (Gravity is completely negligible)

(a) 199 ms

ft) 39.5 ms

(c) 19.8 ms

(d) 141 ms

(e) 72.3 ms

)r= n\ + 
^ 

LL (u** oeu!'''1

ri
", I;)- :
"r," 1 AL\

Z { r.eu,o'"\(*,-o, = s7.ffi u5
(t,e *,"''\7o.3?D\

oo I'rt ,29'/:

f
I

la, !l

\ !l
l0o
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24i' Given the equipotential surfaces shown on the right, which of the
following choi6es best depicts the corresponding electric field
lines?

\

(d)

q

Which of the follot'ing staterleltts about the net force -F1111 ancl

net torque incr acting otl the rvire rectangle is true'/:

(a) Fn"t is upwards, and i,,,'1 is not zero.
(b) F.,,,t is zero. and i,,,'1 is zero.
(c) F',,,,, is dowlt',vat'ds. and f,,,., is tlot zol'o

-&',.,,,1 is zero. and i,,"1 is not zero.

f ,,,,, rs dorvltwat ds. utld I n,.1 l5 lcl o.

$ol<- t.-o

^-)
aA-

le)

t* t a*!
25) negativel charged particle is moving to ()a

r1 directly above a wire having a
current flowing to the right, as shown in
the figure. In which direction is the
magnetic force exerted on the particle?

(a) into the page

(b) out of the page

G). Ttre magnetic force is zero since the velocity is parallel to the current.

t

i= trfr
| 

----.>

tol
t
'83

fot

4L

l)u;n

"J{ru!
I2

rtr

n€+

Lt^
6

0

Fs

Fur= Fr,l

'5- =-)

iv Z4o

j
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1)

27) A circular metal ring is situated above a long
straight wire, as shown in the figure. The straight
wire has a current flowing to the right, and the
current is increasing in time at a constant rate.
Srhich statement is true?

4^
-v

There is an induced current in the metal
ring, flowing in a clockwise direction.

O) There is an induced current in the metal 
/ "----'*

ring, flowing in a counter-clockwise direction.

(c) There is no induced current in the metal ring because the current in the wire is
changing at a constant rate.

28) A 45-mH ideal ilductor is connected iu series with a 60-Q resistor through an ideal
15-V DC power supply and an open switch. If the switch is closed at time f = 0 s, what

ne& l" dttto

of $t

") 
t\\.Jardt

le ivr.-t\
Ac^*r.J,;
+ re l.L, .

8..=ouf
AJ're

is the current 7.0 ms later?

(a) 650 mA

250 mA

d

0.426 nm

2=b)-
fn-", (t'*,.\'&

l5{ L= Ll{uH
= o, zz) n

-(l
L=1,6*r;
Ra--J T=(c) 550 mA

(d) 280 mA

(e) 850 mra I 'I*,

(a) 0.12 mJ

G) 0.96 mJ

(c) 0.48 mJ

(t-. = (o.z)(l .fxla.,'1 0.zteA- t/c

.a- loc*

j'rxc
4'1 tt I

-e

,-z
= fl (6,o5)=

f,/
3Oc-- 3OO d",'ls
a. lc{b.,t

/4r*,o-ilsu7rr(o
2 (o'zol.t

30) An etectron is orbiting a pro n. lf it is traveting in a circutar path centered on the stationary
proton with a speed 1 .09x1

(a) 20.7 pm

(b) 14.6 pm

/s, what is the radius of its orbit?

l,0qtlo w/

yr4/ t/"

0r\
oD t

r fl ;v
y-k
^"J 

- (7,il*1"-''
\( r-c*,;'Y

l.o\"to)z
(s.qao'

(e) 0.107 nm

1
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2 .t3,1to-'o^

10

@

0.213 nm

29) An insulated wire of diameter 1.0 mm and negligible resistance is wrapped tightly
around a cylindrical core of radius 5.0 cm and length 30 cm to build a solenoid. What
is the energy stored in this solenoid when a current I = 0.2O A flows through it?

lilli, u"" )Lr ' = )(t"f') t' =



L(*)Y'; e)
1) Four chalged objects are arranged as shown. Ifthe

bottom-most object has charge Q = +17nC, and all
objects have the same mass r?. = 25x10 6kg,

determine the foilowing:
(a) What is the masnitude and direction of the

net lbrce on the bottom-most charge (Q)? (5

points)
(b) If one of the +2.0nC charges rl'as free to

mor.e, calculate its speed when it was a
Iong rvay from the other charges. Assume

none ofthe other charges movc. (5 points)

4 t?)
,t5'

drl
*-, Q=l 7rC

= 
*O.19*l vrO 'Nj

7.o^c

2.0 nC "'

-- i,Yut^
-. l{)rC'r:\

t-rl

6.0 oC

It'J
' ...?/, S 2(r)g;ys

" 0,o?o llI0 Lrn 4-5o z' 1.0 cnr

c

i
A Use

o

o
oc

ALL= KL

Elrd
I

Ea,

^*.-"), 
. #]}nt'

(1--&)
fi+yN ,^ +' ,.i

*-l

:
OutJ

KL

0v=

"*?\

-I a*,oo

K,a

Atl* LV.
=-fi

,.o r 0.

! A&=-AU

03s I . o7o7l

t l" ^'to Al,j
n^a bt\

,lo-r'f

*I",*
u,C'-,6--

KL i)

40* ,. (zfz) '- i to+*T7CL (

o
od ) 6.5f tfl "+/s

, 3,go+*to
2 S* lO-a

5f Zc^f s
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2\ Below is a circuit lYith four branches. The curents fr and 12, and the emf 
'1 

ar€ unknown'

The current flowing from c to e is 2 A.

c ,Ir=2 \ .'

I

(a) (2pt) What is thc current flowing through each of the 12 f) resistors?

(b) (Zpt) What is the ralue of the emf t1?

(c) ( pt) What are thc currcnts 1t and 12, and in what directions do they flow?

(d) (Zpt) is the emf t2 providing en€rgy or is it absorbing cnergy? \\rhat is the power it is

providing or absorbing?

t
A,L
L'l 2 b

/.) Re6 L@n\= Ln !. aV"c

h)

lLv /"ailru' Turc
IH
e.,

I
ft-'

AV..r = AY"L = AVos =

a) LV" * lZrl = -Tr(r*\ - ut o I ?A 
'.i 

J

f_L
rS *r1 @ P'(8r!+f =lA

z-
A

)

l2()
lo

t:=4

t

I2c

1/V.€

(t.. t s.*L-1
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3) I'rro iorrg. straight. parallcl cltrlclit-cturying wircs alc shorvu belorv. Thc u'iros arc palallei to
thc :-tr.xis (thr: +:-axis poiuts olrt ol the pagc). The cnrreut in the rvirc abovc thc oligin is

flou,ing in thc *z dircction (,f1 -- ll.2 A. out of thc pagc). t'hilc the currcllt itr thc u,itc bclorl'
tlic origiu is florving iu thc -; dircctiou (1: : 3.2A. into thc pagc). Thc u'ire abovc tht: oriPitr

p:rsscs tllough y: +1il.3cIn, thc u'irc bclorv tlic origin pnsses through y = lll.jlttrt. anrl

Lhc point Ir is at r - l ili.r.0 crr.
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(a) (5pt) liincl all throc ( onponcl)ts ofthc tuagttctir: ficlil r'cctor at thc poiut P ou thc rr-axis.

(b) (2pt) [f ar clcc'tron rrcrc travciiug in thc +:-dircction at 5200 m,/s u'hat u'ould bc tht'
rnagnitudci rit.id dircctiort of thc tuagletic forcc actittg oll it a-s it pzrssed throrrgh Pi

(c) (ltpt) What clrttrit' ficlcl (statc al1 thrcc cotlpoucuts) u'ould rtc trccd to applv to thc

clcctron in part. (h) so thal. tlrc ttct forrr ncting on it were zcro?
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4) l'hcrc is a rcctangrrlar condrrcting r:oil, rleasuring 40.0cm b1'20.0crrr, rvith rcsisianrt 50.0oLIri

has 10 turns. as shorvn bciorq. I'hr-. coi] novcs at a constant spr:ed of 50.0 cn/s from a tcgi,,tr
u,hclc tlrc nlagllctic ficicl is zero trntl into :r region rvhcrc tirc field is 2.00 T poiriiccl alotrg the
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\Vhilc thc coii is in thc proccss of cntcrilrg thc Inaguctic ficld (and ncithcr lull iu trot'full ottt
ol tlrr. ri, ,1, lJ .

(a) (apt) L)cterrnitie 1,he margnitudc and dircctiol (as vicrvcd fron abovc) ol thc induccd

crrrrcut iu thc coi1.

(b) (Zpt) Dctcrminc thc tltrgnituclc aud dircr:tiou of the tlagtrctic forcc that ac1,s or thc coil.

(c) (apt) lioli the lnorncnt that thc coil begins to crter i,he field until thc monent tiraL tlrtr

coil has lirllv eltcrc'rl I ltc field rvhat u'ill be thc total auount of encrgv dissipated bv thc
cclil's resi-stanco'l
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