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3. A resistor in a circuit dissipates energy at a 16  optics and waves
" rate of 1 W. If the voltage across the resistor 17 &M

is doubled, what will be the new rate of energy P

dissipation? vesishor = IIA\/I A\/K =-IR :Z Ei:

A) 0.25W 2 37 E&M

EB)) 0.5W - IAV' - I‘R 38 E&M
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4. An infinitely long, straight wire carrying current =2 AI, X 51 =0 = g; @)

I, passes through the center of a circular loop

MmO o

of wire carrying current /,, as shown above. The
long wire is perpendicular to the plane of the loop.
Which of the following describes the magnetic
force on the loop?

(A) Outward, along a radius of the loop.

(B) Inward, along a radius of the loop.

(C) Upward, along the axis of the loop.

(D) Downward, along the axis of the loop.
@T here is no magnetic force on the loop.




15. If the five lenses shown below are made of the
===game material, which lens has the shortest positive
focal length?

)
]

(B)

©

(D)

16. Unpolarized light is incident on a pair of ideal

“~ linear polarizers whose transmission axes make ,HJ’ E“ .
an angle of 45° with each other. The transmitted )
light intensity through both polarizers is what

percentage of the incident intensity? Mw @u : MATJA»Z(A, 7 \, N1 V

(A) 100%
B) 75%

Nzl Ulver | W/,

0%
507 l

257,
17. A very long, thin, straight wire carries a uniform /

charge density of A per unit length. Which of the
following gives the magnitude of the electric field =Eenlt 5) E_
at a radial distance r from the wire?
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Motion Toward
the Loop

18. The bar magnet shown in the figure above is
moved completely through the loop. Which
of the following is a true statement about the
direction of the current flow between the two
points a and b in the circuit?

(A) No current flows between a and b as the
magnet passes through the loop.

(B) Current flows from a to b as the magnet
passes through the loop.

(C) Current flows from b to a as the magnet
passes through the loop.

(D) Current flows from a to b as the magnet
enters the loop and from b to a as the
magnet leaves the loop.

Current flows from b to a as the magnet
enters the loop and from a to b asthe
magnet leaves the loop.

5 %,r an LC creck I(t): T wofoted)

36. The capacitor in the circuit above is charged. If switch S is closed at time # = 0, which of the following 1
represents the magnetic energy, U, in the inductor as a function of time? (Assume that the capacitor an w
inductor are ideal.) -
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37. A pair of electric charges of equal magnitude ¢
and opposite sign are separated by a distance /7,
as shown in the figure above. Which of the
following gives the approximate magnitude and

direction of the electric field set up by the two E E ) Ci
charges at a point P on the y-axis, which is + = e —
located a distance r>> ¢ from the x-axis? 4T Eo '_;_+ ¥y
Magnitude Direction 4
1 2¢q
(A) 4 +y y)
drey 2 E_—,ZEfoeoe_ : 1 “ /2
1 2 T 2w§ 24t L\
—_— ( ~ 2
® e +x 7 (r v &
1 2q
© = —x
471'60 r2 ( la 1 —Qq
® g - ot oL e o
ey 3 LT, <r1+ _2_7—) L ki,
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1 gt
@ ey 3 *
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ﬁ Consider two very long, straight, insulated wires ‘ BJ - } B I _ /u° __L = B
oriented at right angles. The wires carry currents -
of equal magnitude 7 in the directions shown in 2T a
the figure above. What is the net magnetic field at
point P ?

Bl s
@A) T2 (&+9)

I
B) —42 (%+3)

IA
Hot 5
a
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(D) ——



45. During a hurricane, a 1,200 Hz warning siren
on the town hall sounds. The wind is blowing

at 55 m/s in a direction from the siren toward
=D ‘H\e, Sounce ande ’&,e/

a person 1 km away. With what frequency does

Net o D .‘
Ay

ane

the sound wave reach the person? (The speed of .
sound in air is 330 m/s.) m MMW.A? “ l

(A) 1,000 Hz
(B) 1,030 Hz
@ 1,200 Hz
(D) 1,400 Hz
(E) 1,440 Hz

Dafer 4.

vt w,
—
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46. Sound waves moving at 350 m/s diffract out of a
speaker enclosure with an opening that is a long
rectangular slit 0.14 m across. At about what
frequency will the sound first disappear at an
angle of 45° from the normal to the speaker face?

(A) 500 Hz
. (B) 1,750 Hz
(C) 2,750 Hz
3,500 Hz

(E) 5,000 Hz

dacion . (= seefe sbt)

comluncline : Az =(he 1))

deslucclive . Az =n].

here st ane docking ot dedidtie
Ah: LY Ax = dsin(es)

n
= A-LL:» _Tzn
T4

o

/g,_ - 32 ,350-353¢cH,

olL



47. An organ pipe, closed at one end and open at
the other, is designed to have a fundamental
frequency of C (131 Hz). What is the frequency

of the next higher harmonic for this pipe? A Ll <2n_ ’) AT
(A) 44 Hz 20 - o . P {zﬂ_. -
(B) 196 Hz Zn-|
(C) 262 Hz
(D)393 Hz A,
(E) 524 Hz -
2n-1

bl

'——(Zh B 9 %1
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52. X rays of wavelength 4 = 0.250 nm are incident
on the face of a crystal at angle 8 , measured from
the crystal surface. The smallest angle that yields
an intense reflected beam is @ = 14.5°. Which of

the following gives the value of the interplanar vl

spacing d ? (sin14.5° = 1/4)

(A) 0.125 nm _

(B) 0.250 nm Ax-2dsm0 -4 A
() 0.500 nm o1 z

(D) 0.625 nm 6 p  d=2)

(E) 0.750 nm
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_60. Three long, straight wires in the xz-plane,
each carrying current [, cross at the origin
of coordinates, as shown in the figure above.
Let X, y,and z denote the unit vectors in
the x-, y-, and z-directions, respectively. The
magnetic field B as a function of x, with
y=0 and z=0, is

_ 3upl

(&) B=e X

_ 3upl

(B) B=—Y
_ Mol “
@B = 2 (1422)§

I.

@) B =%
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_ Mol
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61. A particle with mass m and charge g, moving kj e,wter\- ) SCLGV\A/ /Q&M)' :

with a velocity v, enters a region of uniform
magnetic field B, as shown in the figure above.
The particle strikes the wall at a distance d fron
the entrance slit. If the particle’s velocity stays
the same but its charge-to-mass ratio is doubled,
at what distance from the entrance slit will the
particle strike the wall?

(A) 2d
(B) v2d
©) d

1
V2

1
@Ed

(D) d

MA-GL::E=D w.k_’i

- quB

e wn /\Zjlm"w-n\w%\A&—g‘



R
v %-AAM /PAUJ:
] Jea-%
— Here e bhal Yo hao Lo be. .r,os\t;,e
62. Consider the closed cylindrical Gaussian
surface above. Suppose that the net charge j,u‘.au/)& the JWA?'? UW—JL the iwvﬁaipe

enclosed within this surface is +1 x 107 C and
AN 130 s\tm’-

the electric flux out through the portion of the

through the rest of the surface is most nearly

surface marked A is —100 N-m?%/C. The flux l__) ,H\b U,J? (Jmmce, (E)
. M

given by which of the following?
(A) =100 N-m?/C
(B) ON-m?%C
(C) 10N-m%C

(D) 100 N-m?/C
200 N-m?%/C

67. A large, parallel-plate capacitor consists of two

square plates that measure 0.5 m on each side..A C B EA v Q QA,
charging current of 9 A is applied to the capacitor. = — = oS T— = L
Which of the following gives the approximate rate ) A C EA
of change of the electric field between the plates? 4
w2 E_V dEe _d0 1+ T
v d dt dt EA EA
(B) 40 s Z\/
~ [kxIO
©) 1x102
m-s
(®) 4x102 L
m-s
(B) 2x10° Y

m-s
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68. The circuit shown in the figure above consists
of eight resistors, each with resistance R, and ﬁ Iq + IS + IC = I
a battery with terminal voltage V and negligible
internal resistance. What is the current flowing I,. = Iu * Iq_

through the battery?
& Y I + 1 -I—I :I
2 4 ES s

1V
@ 3% (T, =TT

1V 3 3
® 7%

© %

®
2R

\4
(E) 3§

AVAVAV J_
v; Ve \/ . /&JM, )acjtb.,«f,
T = -
l
69. In the AC circuit above, V; is the amplitude of \/ .
the input voltage and V,, is the amplitude of the @

output voltage. If the angular frequency @ of the
input voltage is varied, which of the following

gives the ratio V, /V; = G as a function of @ ?

@ G \/[ -IR4+V, .0
V, - TR-V; - TR- £ wo(wit)

®) G 9__: 'ig R- E«"”‘(""t)
| C 7 4t

© G (J_Q_ _Q ¥ £ (wob)
4t RC
A~ i

e e




70. A wire loop that encloses an area of 10 cm?
" has a resistance of 5Q . The loop is placed IV\,Auctaw T;wu,m,\ . & S 4 d’e

in a magnetic field of 0.5 T with its plane .
perpendicular to the field. The loop is suddenly hee A d> BA - 05T« 10«18 'w = 5xI0 1w
removed from the field. How much charge flows

past a given point in the wire? T. £ _ 5«5 . 16" A
- 2=
10-4 C 2
(B) 103C
(C) 1072C
(D) 10t e
(E) 1C
X X X X 5 X x
) ) B i WJ—GA« -
B (" AM/D{!M\, > a-V_
X X X x R
2
x X x .om, Y B 5 Y% _ qBjm
| r‘I— - 1& ) r (1&
x x I x ) '
X X i X S
l v V. R
X X ix X . Vh(’, L-‘_ :Cjcvz. % =2 ; :Cjb /W\
| g -
71. Two nonrelativistic electrons move in circles V, V. v, p 1
" under the influence of a uniform magnetic —_— = > = =
field B, as shown in the figure above. The ratio f" r;_ VQ_ rL

ry/r, of the orbital radii is equal to 1/3. Which of
the following is equal to the ratio v,/v, of the
speeds?

(A) 1/9

(B) 1/3

O 1

(D) 3

(E) 9

T

0 C /3':2:2,«“ MMW:DJE(O
I
: 1 1 1 1 1 1
—_ —= — = — t—--—
& i -{ z}{j i |,f |
74. The figure above shows an object O placed at a distance R
to the left of a convex spherical mirror that has a radius of
e e e oice Ml R (bl )
3 3

(A) infinity

(B) adistance R to the left of the mirror and inverted _ .
. . . . b]ztc/,) ; iwm anA' AR
1

(C) adistance R to the right of the mirror and upright
(D) a distance g to the left of the mirror and inverted

@ a distance ? to the right of the mirror and upright



75. A uniform thin film of soapy water with index of

~ refraction n =1.33 is viewed in air via reflected
light. The film appears dark for long wavelengths
and first appears bright for 1 = 540 nm. What is
the next shorter wavelength at which the film will
appear bright on reflection?

A) 135 nm
(B) 180 nm
(C) 270 nm
(D) 320 nm
(E) 405 nm

lew% BN h
= et
J‘—}'W#T
erence Lim
W‘LW wwstm,twc mi'zrfzmwa
(n+?'__)A:A'x.:2A.
;_5\1=zaL

o

A1 = 5‘*Onm

3A.-d 2,242,
ZAZ DA - =%
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|

0 n, destuccline m{u{wm Ax :(rn_?‘__)Q\

: A:L :(rn_’z.)ﬁ
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76. A model of an optical fiber is shown in the
figure above. The optical fiber has an index of
refraction, n, and is surrounded by free space.

What angles of incidence, 6, will result in the
light staying in the optical fiber?

(¥ =1)
®)6 <™ (1)
™! (1)
el

(A) 6> sin™!

=
(D) 6 <sin' (Vn? + )

(E) sin”! (an - 1) <6 <sin! (Jn2 + 1)

h O =z K' son Yo
o o)
_______ 9>9c,
© (230-&

n, g O = h%vm(e):p O - mm(ﬂ‘m@)

©<&~c&n (n SW(SO s »

"~ “”(W-*"“(-:)) =
[(,:n (ow&lwx\ :JTI—-;EJ

Ber D.

n)ln\,o,\uwy)—-vm)l =p ﬁ{

+0

90. Two thin, concentric, spherical conducting shells are arranged

“"as shown in the figure above. The inner shell has radius a,
charge +Q, and is at zero electric potential. The outer shell
has radius b and charge —Q. If r is the radial distance from
the center of the spheres, what is the electric potential in
region (a <r<b) and inregion I (r>b)?

Region I Region II
w 21 0
4rey r
-3
(B) dneg\r a 0
0 l_l) -~ o1
© dmeg\r b 4rmey r
s -l
dneg\r  a dreg \b a
0 l_l) 0 (l_l)
® dneg \r b 4reg\a b

. L(l" “ 4

khe elMcsA—a‘m s ahoeuk \/|
«a{r{b VSA\a«.U»J-quJ- on Q.

aand b

2 ey A«)

MMj%e.“m/{awwb /1;\»“.4»

. T{a

ca{rb Ez; Q .0V
4TE r?

. r)L E3=O V.| E dr



2 In static electromagnetism, let E, B, J, and p
be the electric field, magnetic field, current

density, and charge density, respectively. Which s
of the following conditions allows the electric V
field to be written in the form E =-V ¢, where ¢ X .

is the electrostatic potential?
(A)V-J=0
(B) V-E=pl/g,
VxE=0
D) V xB =)
(E) V:B=0

l

n
Ol

92. A long, straight, hollow cylindrical wire with an

" inner radius R and an outer radius 2R carries a
uniform current density. Which of the following
graphs best represents the magnitude of the
magnetic field as a function of the distance from
the center of the wire?

(A) B
+ r
0 R 2R
(B) B
+ r
0 R 2R
© B
+ r
0 R 2R
(D) B
A
y > 7
0 R 2R
©%
)
”

AAM/})&LS/&!W }ETL;/@I%@

I‘<R=9 21[:!‘6=O 4 B:,O
R <r <2R ) 2TrB=/“<, T« > Bur
> 2 - = A
2R{r ‘lt‘rB_/u,I B« -




93. A parallel-plate capacitor has plate separation d.
The space between the plates is empty. A battery

supplying voltage V, is connected across the E: \/c. u | C v?.
capacitor, resulting in electromagnetic energy U = A, - -Z— (3
stored in the capacitor. A dielectric, of dielectric
constant «x , is inserted so that it just fills the
space between the plates. If the battery is still .
connected, what are the electric field E and the unie, \/c, = \/o = E = \_/'_
energy U stored in the dielectric, in terms of V), d
and U, ?
= - C.&8% C.&A_ el i C,
V 1—- ’ 2 — — T =
® — Uy d d d
Vo
d N M
;o E-E. Y% ad W.kU,
Vo 2 d
©) i kU,
Vi
D) X
D) Uy
Yo
(E — kU,
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