The next two gquestions pertain to the situation described below.

A positively charged rod is brought close but does not touch an uncharged conducting sphere (as shown in
steps a-b below). As a rod approaches, the sphere is connected to ground by a conducting wire (c). The
grounding wire and rod are then removed (d-¢).

0 O
i(a) 1(b)

5) What is the charge on the conducting sphere after the sequence of steps?

a. Zero

b. Positive

¢y Negative
6 )

6) Now the sequence of steps is repeated. starting with the same conducting sphere (uncharged), but without
grounding the sphere. What is the charge on the sphere after the sequence of steps (a-c)?

O
i (a)

ngmv
. Negative

c. Positive

Jof 10
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The next question pertains to the following situation:
Three charges are located at (0.0). (7 m.0), and (0, 3m), as shown below. Each grid spacing is |
meter.

+4nC|
@

+8nC|

26. What is the net electric field at the point ingicated at (7 m. 3 m)?

a. 0.76 V/m \E}(\,/. \‘5\1 e VG s 2 LX%;I{ ¥ \‘_‘((Sfl %o

(B) 2.4 V/m

m Gz Bl (6] gy @y
e. 39 V/m ('_b 3
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The next five questions pertain to the following situation.
Three point charges are positioned on the vertices of an equilateral triangle as shown.

'.,rh

9. What is the direction of the electric field at the origin, P?

{:j,i Along the positive y-axis.
b. Along the negative y-axis.

10. What is the magnitude (Bhe glectric field £ at the origin, P? \

) > .
a. E=1.35x10"N/C N .:m\l- feom Qg L\Q\] 5 ‘g‘z‘ " "r(@}fﬁ fl\“ﬂfbfhy'

. E=539x10°N/C .
G

E=1.50x10° N/C - P RN S
dE=LIACNC ) \E\ > L_\_@ _Gylo - 5#Y0 5
| o W?’\HC{L
S

[ I
‘____:'_—Q

3,{.\0,

BT IRV RV

6 of 15 pages
(27 problems)
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The next two questions continue from the previous page.

1'|4|l

v
=

Q,=+1uC 2cm Q,=+1 uC

11. How much work W is required by you to assemble the three charges to this

configuration?
?O)Y@‘\*‘c o Y\Q(SB (.Ag ch«?ﬁu rtb-\\.{.‘/\

a. I'=-0.0405 . 0
by W=-405) W= “_t’k \jﬂ— g1,

c. W=4051] 3
d. W=-2023] - s )
e. W=2023) iol—‘fr ((‘)(‘) ‘0 > i-9) .}U)( $)e
. = o G - OS
_e) 3 ] {0 = Y.
Hlo L( 1)
1!0

< U heddo Ao “4.05 T to GSenlds ‘H\QS(/ (\{\Qr&Q'g

12. What is the electric potential ¥ due to the three charges at origin, P?

a. V=-2023V V? - \/_—,qu’ < _\cj}i X \Cb
r\ 15 (

b, V=-234V

3
c. V=135V b
5 - - -b ~5

d. V=-135x10°V 2 Al a6t Y (-5)\o

V=-7.98x10~v = %0l L= — 3306
O-O\ [P RRCE|
3 -~
z Arplo, K * ?3&
Vo7 -

7 of 15 pages
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The next four questions pertain to the situation described below.

Ce G

C
I
|l |

Seven identical capacitors with capacitance C = 8.5 nF are connected to a 12 Volt battery as shown in the
figure above.

19) Capacitors C3 and Cg are connected

a. in parallel.
R .
¢_b. in series.
c. neither in series nor in parallel.

20) Compare the magnitude of the voltage across capacitor C| with the magnitude of the voltage across
capacitor C7

T
l Q = Oupug, = R
@VI:V-] 7') jj ‘1(,13«9(, C\ » L3NS, ?‘V v
b. V| > V7 \—’\\’__) GRS ~=) v 7 2_
Cq

c. Vi<Vy

21} What is the equivalent capacitance of the network of seven capacitors? i 1 Y
b R X .L ¥ i —
C, < = ¢ e ( ° ¢
\l,-af"",'l——-c3 . - " (‘3 v L5 T C.
b. Ceq=9.07nF =) — —’E_l . | C+C 5S¢
C. Ceq =238 nF \-—H r___\\l | //Cl‘,( (/S"T(J(, - Lt e L‘-
(d)Ceq=3.04 nF Gy 5 = A Gase \
€. Ceq=121nF \——H’J C 1. Ly 2
S ,C\V% o G G Gy
22) What is the voltage across capacitor C? ) T 2. ‘j_
L Yok \sz? _’f\'\rc‘\}h V) < A )(:f C
1,)V2 = 3.4 Volts

tC
: 2 L(28)
b. V2=4 Volts N %\’V'L"Vq z ) /1( C(
c. V2=10.85 Volts \f\"’ Q,L 'gd, Q"’ Q - ("eg“\[":‘gbh'}\(? —
C C)
,"Z_GUH\JZC /,"{lol V \f}/,\f] LWQ; )’7 L‘ \/

7) V E )
\ $5 %\Oqg Z} ¥y =
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7. Consider the circuit below. Which of the following equations is incorrect?

a & -&r- R - hR:=0
b. & hiy LR:=0
¢nNE— bR KR 0

T

5 of 15 pages
(27 problems)
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The next three questions pertain to the following situation:

A metal bar slides on a conducting track with width L =5 cm and aresistor R=2 Q ina
uniform magnetic field B = 0.1 T out of the page. The bar is pulled to the right with a
force Fuur = 2107 N, such that the bar slides in that direction at a constant speed v.

A
R L Vv
F pull
v

15. Calculate the magnitude of the current [/ in the sliding bar. ‘

[ : B & 1]'\' l3’"(0»;) V.
Q@ 1=4ma €2 BLY = (1 7)o05m)y =% 40
boI=1SmA (e ©o2 TLRB sy &
c. 1=0.25mA ’ - P OS)(O’)C])
d. I=17.5mA 1915 N =L (0 ' 2
e. [=0mA -5 0. @ 1o A

2 F=ie o=
s0? C o wh

16. What is the correct expression for the speed v of the sliding bar?

LB - = L8

2 vo LB
FouR - E L,B
e v (%)
LB ¢ - BlrLB
3 v-Loe® (=)
(LB)
=5 ¥ 7 E;fii.
L8

9 of 9 pages
(26 problems)
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The following situation pertains to the next two questions:

A metal frame with an internal resistance of 1 m€Q enters a region of a uniform magnetic field
B = 1T. The area of the fiame is 1 m>. The velocity of the frame, v, is constant. Att =0, the
upper edge of the frame reaches the boundary of the magnetic field. From this point of time it
takes 10 seconds for the frame to fully enter the magnetic field. After 30 seconds of uniform
motion the frame exits the magnetic field region agam.

X X X X
B=1T
X X X X

R=1mQd

13. From Lenz’s rule, what is the relation between the currents induced in the metal frame on
entrance to and upon exit from the magnetic field?

a. Entrance: clockwise Exit: clockwise
b. Entrance: clockwise Exit: counterclockwise
/c.' Entrance: counterclock wise Exit: clockwise

8 of 14 pages
27 problems
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The next two questions pertain to the same situation.

10. A square loop (connected to a battery not shown in the picture) has a current [ flowing in the
loop as indicated below and lies in the x-y plane. The loop is in an external uniform magnetic
field B which points in the x direction. The left side of the loop is labeled s. In which direction

does the loop rotate?
0} ¢9 w=0

<.
h h L

L

W

W

ide s rotates out of the page

b. side s rotates into the page
c. the loop does not rotate

11. The current in the loop is I = 2.2 A, the side is 10 cm, the magnetic field B =2 T and the
number of turns in the loop N = 3. What is the magnitude of the torque on the loop?

a.1=10.023 N-m T = N TA R S'm¢

b.t=0.974 N-m

Cc)“ﬁt=0.l32 N-m = (3) Crl-’l)to-”l !

= (. 6)(1) - 9-°
_p.31 N

8 of 16 pages
26 problems



The next two questions pertain to the situation described below.

In the following figure, £; = [2 V. E, =4 V,R; = 7, R, = [2 2, and R; = 4 . Initially, the switch S
is open.

I

1, p

Riop=

13) At junction P three currents /,. /5. and /; meet. Choose the correct relation among them from below.

C, Li+L+1;-0

b -1,-1;3-0
c. fy+1-1I;=0
d [;-1H,+13=0
e. I, +1,-13=0

14) When the switch S is closed, what is the current /37

Yako \Of’Q e “'\3\\'\’ \D_r)P
[3=04 _ P )
@’13—-0.57,4 at, - 1,0, =0 )
A3=-0754 » _ ) I
C. I3 -7)"2%-,%_3—_;%-—,‘&% 033.&

d)f;=-0334
c. ]3 =-07A4

Page 7 of 13
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The next two questions refer to the following situation:

As shown in the picture below, two long, straight wires are separated by 2m. The point P lies at
the midpoint of the line connecting the two wires.

B
O—x

< =y | -y

5. If the current through wire A is 1 A and no current flows through wire B, what is the
magnitude of the magnetic field at point P?

P -t
07T % = }AOJ' ’}'}"ﬁ'\f*]o |
0 T .

- —

——
Ze TR |

14 x 107 T

a.1x
b)2 x
c.4x 107 T
d. 3.
e. 0318 x 107 T

6. What is the direction of the magnetic field at point P if 1 A flows through wire B into the
page?

5 \ a {‘ \.I )
a. Into the page @ * T @ ]
b. Out of the page R
"¢} +y direction
d. -y direction
e. The magnetic field would be zero

5 of 16 pages
26 problems
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The next two questions pertain to the following situation:

The picture below shows three wires oriented vertically, each spaced a distance d = 10 ¢m apart.
Wire A has current [, = 5 A pointing out of the page (+z direction} and Wire B has current Iz = 5
A pointing into of the page (-z direction). Wire C has unknown current and direction. Each wire

is 10 m long.

12. If we want current B to have a net force of zero on it, then in what direction should current C
point?

OQQ@S‘\)\? Cu( CorkS ff{‘&\

»
\_ayout of the page 5
. b. into the page =) F\ th\@S ¥ :l{}‘w**- |
- — i . \
¢. no current is necessary = Reock & Fo Q\,,SL. ¥ P ().ﬁ. )4\30 fQEg\ ]

13. Assume the direction and magnitude of the current in wire C is such that the net force on
wire B is zero. In which direction could an external magnetic field B,y be applied so that there

continues to be no net force on wire B?

a. +x NP &‘0(& NN % 1K \\ Yo T"

b. +y
Citkz

.'\____,"I

9 of 16 pages
26 problems



14) Figure repeated from previous page
Consider the circuit shown below. Initially, both switches are open and the capacitor has been charged to
10 Volts. At time t=0 switch B is closed (switch A remains open).

A B
o/c , J;/c
R, =250

£ C R,=100
1T R2 =71 -
R,=100
R, R, E=17V

—V/W—"—\

If it takes 12 us for the charge on the capacitor to drop the 1/2 of its initial value, what is the capacitance of
the capacitor C?

\ i«_\lﬁﬂgt loj?& o +
a. C=1631nF —'V?.( Q"}’? ” ’/Tl—c-,
b. C =493 nF Re 22 T - " e b
c. C=3370nF SV NS Qe “ = 0°)
(d) C=866nF 30 Il

15) After a very long time, switch A is closed. Switch B remains closed. What is the magnitude of the current
[} through resistor R| immediately after switch A is closed?

\\V\M&\uéﬁa\\f Q%r‘) C q\(\\\ wac\y f(k‘d\i 54 Q&S \‘\Q ﬂ\\ih;f;@

(an=0567A

b. 11 =0.165 A
c. h=0202A ‘
d 11 =0446 A ‘Q’
e. 1=0930A K
HoL
Loy

< /y,. ~ \I)'/,O‘%'}A
_lv\l‘s -~ e‘l‘s/ ga‘ﬂ/ T

A\\ Cu‘p:j\ 35;5’5 3{\\{ C\’Y\ @\

37 -/I/\ ’: \/\7’]

—



Physics 102, » Exam 1 o gy Fall 2011

The next three questions pertain to the following situation:

The switch in the circuit shown below has been open for a long time so that the capacitor is
initially uncharged.

e aufF TEISQL2100

50

25. What is the current through the 5 € resistor immediately after the switch is closed?
\\‘\i"'\.\“ C g A bﬂ,;a. Wice

)2.0A L
T09A 5 ¥YoV — T () =0 =) fg,l A
c. 0A =

26. What is the voltage across the capac:ltor after the switch has been closed for a long llm ?

s 4 . fO
a 455V Adke & “3)” ""\ 1. RS wﬁ af a P,OQI A
L 3 _ _
E ggs\/v - ﬁ - 1\ ! ‘30-’ 3051 30-”- =) VC -zjt Rc - 01 ﬁ)LGQ..) =t 65 V
d. 82V v
e. 10V So el Q‘f% -CJL . \’ )&{&,—V ) \[ \0\{ 4 -5 V
=) l'&sz’{ gSL/’\LYL > Lr( "4

27. The after the switch has been closed for a long time, it is then opened again. What is the
current through the 152 after the switch has been open for 30us?

A

2 Re = My ¢
a. 0.260 A [ é/; N = Q= ST Y o b
b. 0257 A _J\_,,;) 2 121,52 Ve e

= &
c. 0.220 A - Ug)(‘ -
0.104 A e, el
e 0.156 A = 240V o FN0
{65

Check to make sure you bubbled in all your answers.
Did you bubble in your name, exam version and network-I1D?
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The next two questions pertain to this situation:

A charged dust particle (m =
3x1072 kg, g =+1.6x10'°C)is
accelerated from rest by an
electric field through a 10° V
potential difference. The
magnetic field is zero in the
electric field region. It then
enters a region that contains a
wiform 1.5 T magpetic field
that points into the page. £=0
in the magnetic field region.

0V

Dust
particle
r rJr.r&J7r7rr0r 1000 v
[ I I I | i _ |
[ T T | I B _O 1
vy v v vV Vv v v v ¥

Left Straight Right

22, Which of the three paths shown in the figure does the dust particle follow?

a. Left
b. Straight

¢ c.Right
5

23. What is the radius of curvature ofthe particle’s motion in the magnetic field region?

a.R=0.022m - \f
CBR=0.129m =

c.R=153m

d.R=153m

e. R=1096m \Qeec\ " -

b=

i ‘ELN)@

; 3
L_ 7% &V P
\o3}\(;’§

12 of 14 pages
27 problems
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The next two questions pertain to the situation described below.

A man stands a distance ¢ = 240 cm in front of a virtical flat mirror of length L = 45 ¢cm that is hung a
distance y = 129 cm above the ground as shown in the figure. The mans eyes are a distance 7= 174 cm
above the ground.

1} What is lowest point above the ground, that he can see his image reflection in the mirror?

. () RGP R
y=130cm | o’r' N M 2

a. = %
b. v = 84 cm \n’ ) W . C;:(-‘ , ’,;1(»\/3'
¢. vr=66cm 1= Y SL h . foo
= h/ | =T G W om
d. v= 150 cm 7 é‘ L Cm
e. v=45cm \\ \—:1 = Q0 cw~
N WV - VM =D om = TF cune

2) If the man takes a step closer to the mirror, the lowest point above the ground he can see his image
reflected in the mirror

a. increase.
b. decrease,.

O remain the same.
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The next two questions pertain to the following situation.

An object (black arrow) is located in front of a convex spherical mirror of radius R = 35
cm, as shown in the figure below. The tip of the arrow is located at (xo, yo) = (16 cm, -6
c¢m) from the mirror.

1. What is xi, the x-coordinate of the image of the tip of the arrow? : x A
; ~

L s
@ xi=-8.4cm " : a‘. ” & =) Gr\ = Q ;{/O A
\

b. xi=-11.0em - I
c. xi=+18.7cm - ggcm' Vbom

=) 0\'\ = — 336 tyn

2. The object arrow is now moved such that the image distance doubles. What is yinew,
the new y-coordinate of the image of the tip of the arrow?

A S o
a. Vinew = —3.13 ¢cm i - 4-\ v 'ka
b. yinew = +0.16 cm o __. \L;‘:I"L:W\
Oy.nm———O 27 cm (X ,:K.- (;S _é{;-( W\ ] l =
. Vinew =+6.35¢cm ! 2 \ _ a
€. Yinew = —12.7cm | =) dfo - 33513 e

E{’D - gg:f/\»h 6. ?1(

RTINS .
L:B'l')nr\ew.) go \a-o_' - o,?_é}r

3 of 16 pages
(26 problems)
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The next two questions pertain fo the same situation.

(a)

2. Avirtual image is formed 15 cm behind a mirror. The image's magnification m is measured to
be +5. Determine whether the mirror is concave or convex. L _A
| ! g 2 d, 2@(-4):

B [

Lo opry m
a. convex I - r‘; &, ](_
. b. concave 9 VR WA -

]

ogmaced : Vit upoye \ 2 Concen
e \W'{jﬂ{(\:\ﬂi i \‘{\L_,,)_)'\ be (v R 7 Contale

3. What is the radius of curvature of the mirror?

a.‘Scm (;,*; }é-;‘(m:) Q‘ng— -;_19 LA

4 of 17 pages
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The next three questions pertain to the following situation.

An object is placed 3 cm in front of a diverging lens with focal length f= -7 cm.

T
WT\
- —_— s
f f
19. What is the magnification of the resulting image? |
i S _o-d ok Lbom
a. -4.3 "."’;(‘j(“'cl N VT I —
b. -0.7 ¥ e : dy 3 om
-
+0.7 [ l e o T g
- - , e = ¥ 0.+
C?u.o & 7F 4,7 dom e
e. +4.3 ~ e
- o -
@ PN YT

) A‘ sz <10 oo

20. Is the image upright or inverted?
upright Ay poT
(? inverted \’,,Jé- (l\\_.uc\\]!S hY)

21. [s the image real or virtual?

a. real Ao r g\ & q\wa g '\,'\"\\,\&Q
@virtual ’/3_% 7

12 of 14 pages
25 problems



The next four questions pertain to the situation described below.

A candle is placed before a converging lens as

) Figure (a)
shown. The lens has a focal length of f = 2.4 e¢m. P ——————
l ¢ f 2
“ petan,
Figure (b] .
¢ | f

6) The candle is first placed at a distance d | = /4.8 ¢t as shown. The image is located at

a. d = 2.07cm
Cl:b d = 2.86cm

c. no imuge is formed

7) The resulting image is also

- A
@' inverted

b. neither
c. upright

8) Now the candle is placed atd = /.2 ¢cm. Now the image is located at

L Doy )
@ df.' 24 em %. B a:) ‘E l :
) \ —
b. d = -08cm o - = o
' . . (}/ ? E 'J."\'tm \ 1(vy‘\
c. no image is formed \ 1 o
gk JRC 4o
9) This new image is also \ = CA‘ — ~ L1 C

Lo
a. real
b. neither

i mlak mingylos 5 g e (A0



A rectangular aperture of width w = 865 um is illuminated by light of wavelength A = 620 nm. A diffraction
pattern is shown on a screen a distance L = 3.9 m away as shown in the figure.

24) At what position ¥Y; will the third-order (m = 3) diffraction minimum be observed?

3—8.39 mm R5H = M}

—
y;=2.1 mm £ S'n\%f T o— %65 -b
) o .
d. y, =335 mm SRS

e. y}=2l mm

We (ou\& )\@,(‘ Ko Sm&Q (J\é).: (EPWO)WJ“M S {Qw@'%a' , 33-’“ L%—

@ Bban® w4l
= Q 7
: L— [ (Q_OOL\S
. B - L ’tfv{s‘m J
2) e * LA

/,O_OO%‘T M_
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The next two questions pertain to the following situation.

20°

150,

n, = 1.00 n,=2.42

70°

26. A ray of light impinges normally upon a right-angle prism as shown in the diagram above.
The prism is made of diamond with an index of refraction n; = 2.42. What is the transmitted
angle 6, with respect to the surface normal on the transmission side?

@ 6, = 55.9° Momb, = 0, 6m %}t

b, 6,=12.1° e ® o, RN
c. 0,=62.3° WOy 2 N2 g (10 ) = 0 51%
d. 6,=34.2° \ .,

; IS
c. B=73.2° 5 2 @ti S

27. What angle of incidence 6; relative to the surface normal on the transmission side would
correspond to the critical angle for total internal reflection?

< _ N A
a. 6,=43.6" JW@c. . % _eode 142
b) 6,=24.4° ™ rerde

c. 6,=31.2" - __'I,_

Check to make sure you bubbled in all your answers.
Did you bubble in your name, exam version and network-ID?
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The next two questions pertain fo the following situation.

Unpolarized light with intensity I is incident on a series of three polarizers, as shown in the
picture below.

- 350
Er%g\ -"?'I ) _ﬂ\ ;ﬂ
Unpolarized light — /| : o
S P
BT |
Io |
1 1 ws(ﬂﬁ)
Sy ,T:
z

9. The intensity after the first polarizer is

a.0.75 1y
b. 0.87 I
@ndependent of the angle of the first polarizer.

10. The intensity of the light after the third polarizer is

a. 0.05 1 -7 2 P 2 W
i /58;’;1 :; 19 ’f&q/ ) (’%jit,ds\.(n)x =) %‘,z[(oﬂtg)\ EOQQ‘:!)’S

M

7 of 15 pages
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Physics 102. Exam 3 Spring 2

The next three questions pertain to the following situation:

Consider the figure below which shows a snapshot of an electromagnetic wave
propagating in vacuum along the x axis. The wave is linearly polarized along the y axis
and oscillates at a frequency /= 1.25x10"* Hz. The light has an average intensity /= 0.5
W/m’.

Direction of propagation
o

/W@Wm *

9. What is the magnitude of the electric field £ at point A on the x axis at the instant

shown? E :
= 1S c'{ G MGYamLW™
/—-—'——‘

A
a. E=0N/C
b. E=7.9N/C T=tezé, Ermg(, £y Eﬁ}f(-
E=19.4N/C e
@ 5 G - [E

10. Along which direction does the magnetic field oscillate?

. . e o
a. X axis [' e (&t’“& a L_{\/g o ] % H)Q‘ C{\a +
b. vy axis i)(‘c &5032(@5 OLUJB ™ ,;-) NS 2}

@ z axis

11. What is the distance between points A and B? \ C\\EQ,\ /\SW\
W
2.4><10-4m Lo AT s QXQ&
. 3.1x1072m
c. 7.8x10% m = NE 8 vl .

-

7 of 16 pages
(26 problems} “1 L‘—
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Fall 2012

23. The diameter of the human eye is about 2.5 cm. One
college student can focus on objects that are 10 cm in front
of her face. What is the focal length, /. of her eye’s lens
when she is doing that?

a. f= -5.00cm VoL
b. f= -333cm €7 dd,
©‘f= +1.25cm t \
d) f=+2.00 cm < - -
. ¢
e. f=+250cm 15w, YEN
z ¥ L
\O Ly, VO e h—
Y
— E -
; V¢
=) g o Z e

Ren.

it
Sctera Iriv
R
Virrewan \ :
bty \jé sem X Popil

i, 2.
Tl
A

Opiic nerve

Cornea

Anfericr
cluntier

Choroid Celiary bodyv

e s Kt Fage © Y

24. When you are young, your near point is 25 cm. Suppose an older person’s near point has
increased to 60 cm. What strength reading glasses, in diopters. must this person buy to regain

the original 25 em near point?

\
a, 0.42 diopters -

b. 1.40 diopters
(¢} 2.33 diopters
d. 333 diopters

e. 5.67 diopter

b L)
_')‘\((O»);‘V\/'g (ko“(zg

Check to make sure you bubbled in all your answers.
Did you bubble in your name, exam version and network-1D?
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