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A ?,0q Ig sphere is made out of a plastic that has
minimum outer diameter does the sphere have to
(The sphere can be hollow if necessary.) 

f

A) l t  wi l l  always sink.
B) 7.82 cm
C) 15.6  cm
D) 24.3 cm
E) l t  wi l l  always f loat.
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During a big storm a 60 km/h wind blows across the surface of  a 2.00 m x 1.00 m
window. What is the force on the window associated with this wind? The density
of the air is 1 .20 kglm3, p- 

V 1t[,

A)333Npo in ted toward the ins ideo f thehouse ' ' ' /
B) 333 N pointed toward the outside of the house.
C) 3000 N pointed toward the inside of  the house. t t
D) 3000 N polnted toward the outside of  the house. '
E) 0 N since the wind is along the plane of  the window. 

|  - ,

Dr.  Z.M. Stadnik
Page 1 of  11 pages

1 . a density of
have so as

900 kq/m3. Whal
=--!r!rY--

to float on water?

r/$, u,[,
l t i  I t)  l \ ; " r t

z .

I ns i de  o f

house

/  t .  l l

60 ( ',! l4
Wir rC

blowi i lg



2

3 'Ameta |barhasacrosssec t ionA iand leng thL i ' l n th is fo rm ' thebarhas the
resistance Ri. The whole Oar is reshaped into a wire with a cross sectional area of

At = 4,11000, turning all the init ial mass to fine wire' what is the resistance of the

new long wire, in terms of Bi? A/.'\r \ t \ L
(n/ to: F,. j-r
E)  10"R.  i : - '

C)  R i '  t  i . ^
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A f lat surface (10 cm x 20 cm) is on the xz plane, in a uniform electric f ield
+ /  -  -  -  N\  ̂  ,3000I) i .  Wf,ut is the magnitude of the electr ic f lux through the
f  =(4000;J i+(  

t_  c ( t .  |  ,
surface? lx ^ --"''l dl -x l \"  ( i  I  .4 A ), 's1t+l

2,^  /  \  I  t  I

l ta

11-  l t J ; ' t  . t  i l

4 .1

G)ooNm2ic 
I  / ' \  I

x ^^ xr*2/r- | ,)r,. 
' ', 

/" 4 o ',L r1tB) Bo Nm2/c
ci roo rur?c {."' ' i -1")' i" / ' )
Di 120 Nm?c ./ 

----:--l, 
\

Ei 150 Nm2/c 
'1" 

,---'

X4 3'J 
.r z lt--

5.

1

( n h a r o  )

q ( + l

,-'r--]io|  - / ^
: --t\2

Two charges Q and -o are located in a region of space, far from other charges' as

shown above. consider the two imaginar/sphericar surJaces indicated with dotted

lines in the figure. which of the following statements is correct? E-

A) The electr ic f lux through the larger sphere is larger than the f lux through the

smaller sphere because the area is larger '
B) The electric tiux through the larger spliere is smaller because it is closer to the

negative charge, which produces the negative flux'

c) Th-e electric fiux through both sur-faces is the same.

D) Gauss',s taw dOeS not-apply here because of the absence of symmetry'

6 fnu net flux tniougfi Ooifr surtaces is zero because the net charge is zero'
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A paral lel  capacitor has an area of 5.00 x 5.00 cmz and a separat ion of 2.00 mm.
when the space between the plates is empty, it has a capacitane Co. A 1.00-mm
thick sheet of rubber (dielectric constant /( = 3,00) with the same area is inserted
into the void space (fil l ing half of it). What is the new capacitane of the device in
terms of Cs?

A)
B)
c)
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neutral metal slab, as shown above. Which of the

I

A) The slab acquires a net charge by induction, and exerts an attractive force on
the point charge.

B) The slab acquires a net charge by induction, and exerts a repulsive force on
the point charge,

co/2 L
2Cd3
3Co/2
2Co
3Co

7 .
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A point charge is placed near a
fol lowing is true?

C) The slab is polarized and exerts an attractive force on the point charge.
;p\ The slab is polarized and exerts a repulsive force on the point charge.
\€)J Nothing happens because the metal slab is neutral to beqin with.

G An object  is  p laced 20.0 cm from a screen, A
length is placed between object  and screen.
lens be placed as to ( i )  obtain an image
magnitude of  magnif icat ion?
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lA) 5.53 cm from screen
B) 8.71 cm from screen
C) 1 1.3 cm f rom screen
D) 14.5 cm f rorn screen
E) 17.2 cm from screen
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Two spherical capacitors are connected as shown above. Let Q and t4 (i = 1, 2, 3,
4) be the ctlglge_and pqtenlat-of each of the spherical surfaies indicated in the
figure. Whbh of the following is true? 

[
A)  Qr=Qs;  Vz<Ve
B)  Qr  = -Qs ;  Vz=Ve
C) Or = Qs; Vq> Vs
D)  Qt=Qz iVq=Vt

( E) Qt = -Qq,Jt = Vs
v' 

-----*

A) 0
40.042
\c)/o.oe4
ry o.zg
E)  0 .50
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10. A beam of natural l ight traveling along thq;raxis shines upon a stack of three
polarizing sheets. All the sheets are parallel to the yz plane. The first polarizer's
axis is aligned with the y axis. The second polarizer's axis makes an angle of 30"
with the y axis. The third polarizer's axis is aligned with the z axis. What is the
ratio between the intensity of the beam after the three polarizers and the initial
intensity? (

C,\x t0,.
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A) real, upright and larger than the object. y

9\ real, inverted and smaller than the object.l ,
(C, uidual, upright and smaller than the object. r/
D) virtual, inverted and smaller than the object.
E) virtual, inverted and larger than the object.

An optical system consists of a diverging lens
have the same focal length /< 0. The lens and
a distance d = zlf l. An object is located at a
The final image produced by this optical system

10 v
15V
25V
35V
50v

and a convex mirror. They both
the mirror are coaxial and spaced
distance d to the left of the lens.
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What is the potential difference across the capacitor in the circuit above a long time
after the switch has been closed? 

F:
A)
B)
c)
D)

g

100  ! )
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The diagram above shows the electric field lines in a region of space containing
two small charged spheres, Y and Z. We can deduce that /)

A)
B)
C)o
E)

Y is positive and Z is negative. A

the magnitude of the electric f ield is the same everywhere.
the electric f ield is strongest midway between Y and Z. .
a small negative charge placed at point X would experience a force to the left.
Y and Z must have the same sign. \

,/
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14. Take a-jlldg-!99p- cilcuit that c-onsisls ot 4.re.al battery *it,fgJSo-r4iand an
internal resistance of 10.0 O, and two resistors, ,?1 = 7.00 Q and Rz. For what
value of Rz will the most power be dissipatedin Rz? 

& i t ,t t _./ ,, IZA) 7.00 O l--l r. r
Pl 9^09l r,5 l j1 y(. t" in-+. i '  y' V9, 10.0 O Y.o,nfi l^[ i  

' t  - / '  ln ' i  :  { '
\D))  17.0CI 

" t " - l ' t lo [  - i - ' ( ' /  I  i

E) 200Q vrl)1,1 l,r+' i

15. A point  charge Q is at  the center of  the spher ical  metal  shel l  of  radi i  f r  and
The shel l  has a net charge -3O. The charge on the inner sudace of  the shel l  isow
A) -2Q.

€)-o
c) 0.
D) O.
E) 2Q.
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A brass rod is 69.5 cm long and an aluminum rod is 49.0 cm long when both rods
are at an initial temperature of OoC. The rods are placed in line with a gap of 1.5
cm between them. The distance between the far ends of the rods is maintained at
120.0 cm throughout. The temperature is raised until the two rods are barely in
contact. The coefficients of linear expansion of brass and aluminum are 2.0 x 10-5
K'1 and 2.4 x 10-5 K-1, respectively. The temperature at which contact of the rods
barely occurs is

Inf ses"c.
B) 477"C.
c) 322"C.
D) 198.C.
E) None of theabove is correct.
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\  r  z.  iA container is f i l led with a mixture of hel ium and oxygen gases. A thermometer in
-\-J the container indicates that the temperature is 22'C. Which gas molecules have

the greatet 
"uttuP':,'t1:??:-' a V

A) lt is the same for both because the temperatures are the same.
B) The oxygen molecules do because they are diatomic.
a The oxylen molecules do because they are more massive. @

(D) The helium molecules do because they are less massive.
E) The hel ium molecules do because they are monatomic.

V'1

' lB. lt is a well-known fact that water has a higher specific heat than iron. Now,
consider equal masses of water and iron that arelffii5iiTlrrtfrermal equilibrium.
The same amount of heat, 30 calories, is added to each. Which statement is true?

.!\  They are no longer in thermal equi l ibr ium; the water is warmer.
p) They are no longer in thermal equi l ibr ium; the iron is warmer.
C) They remain in thermal equi l ibr ium.
D) l t  is impossible to say without knowing the exact mass involved.
E) lt is impossible to say without knowing the exact specific heats.
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19, An engine manufacturer makes the claim that the engine they have developed will,
on each cycle, take 100 J of heat out of boiling water at 100'C, do mechanical
work of B0 J, and exhaust 20 J of heat at 10"C. What, if anything, is wrong with
this claim? P-.

t- l

20. A single-slit diffraction pattern is formed on a distant screen. Assuming the angles

A) An engine would operate by taking in heat at the lower temperature and

"1 
exhausting heat at the higher temperatu re. X

I B)/ There is nothing wrong with this claim because 100 J = 20 J + 80 ..'f l This engine violates the first law of thermodynamics because 100 J + 20 J * BO
J.X

D) The heat exhausted must always be gr6ater than the work done acco-rding to
the second law of thermodynardgg_ / lod /

E)Theef f ic iencyof@er tha6 ine idea|Carnotcy . iuZf r i " i "ncy

r'/

involved are small, by what factor wil l the width of the central bright spot,on the
screen change if the sl i t  width is doubled? 
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21.

A) l t  wi l l  become four t imes as large.
B) l t  wi l l  become eight t imes as large.

@ tt will be cut to one-quarter its original size.
D) l t  wi l l  be cut in half .  h
E) l t  wi l l  double. 
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Path ca is an adiabatic process. The temperatures at points a and b 300 K and 500
K, respectively. The volume at point c is 0.2 m'.  The value of y for this gas is 1.60.
The thermal eff ic iency of this heat engine is f
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In an engine where the process is modeled by an Otto cycle, the working fluid is an
ideal rlonatomic gas, with ̂ ( = 1.7 At the beginning of the power stroke, the
tempeEiuE-ofThe not gas is 260"C, and at tne end of the power stroke fiust
before the exhaust stroke), the temperature of the cooler gas is 27"C. What is the
compression ratio of this engine? 

A
G zs /-\
E 7.0

Sl 23 + : {1trtl}y(*''n /a{"a t
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In the f igure above, what is the power
circuit? 

f
A) 5.33 W
B) 8.0 W
c) 6.67 W
D) 2.67 W-E) 

3.56 w
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Light of wavelength 475 nm in'  vacuum ehters a plast ic as shown above.
Measurements of  the l ight  in the plast ic indicate that  i ts wavelength there is 394
nm, At what direction does the l ight travel with respect to the normal in the plastic?

A 47.1"
\B) 22.e"
c) 18.7"
D) 16 .2"
E)  14 .7"

P-
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25. A plane mirror is ptaced on the level bottom of a swimming pool that holds water (n
= 1.33) to a depth of 2.5 m, A small  toy is suspended 1.9 m above the mirror.  An
observer above the water looks vertically downward at the toy and its image in the
mirror. The apparent difference in depth between the toy and its image in the
mirror is

E_
A) 2.9 m.
B)  2 .5 m.
C)  2.2 m.
D)  1 .9  m.

,9 1'6 m'
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waves reach the airplane directly from the transmitter and by reflection from the
surface of the ocean, When the airplane is 86 km from the tower, the pilot
observes that radio reception has faded due to destructive interference of the
waves in the two paths. Assume the wave reflected from the ocean surface has
undergone a half-wave phase shift. In the figure above, the waves of the reflected
path arrive at the airplane delayed, with respect to the direct path. The time

r<
/ /

l . . . , * i ; . : ; / - ! ^ * * . ' . l { ( t k t r r + i t . - , l t . l ) z ) = l ; l ^ l , . : i
- l - -  lwv r r t L  | r " '

An FM radio transmittp/-operating at a frequency of 1!0 MHz, is atop a 100-m
tower. An airplane is ifr fl ight over the ocean at an altitude of 2000 m. Radio

3'/, A Ytr\

27. Newton's r ings displayed are intederence patterns caused by the ref lect ion of l ight
between two surfaces. What color is the center of the Newton's rings when
viewed with white l ight?

interval of this delay, in ns, is closest to 
!r ', *

A 20. i : sn* "' *:\'.'-.-,. ^' t't1

@ wr,itu
B) Black
C)  Fed
D)  V io le t

xl



28.

l l

In a double-slit experiment, the distance from the slits to the screen is decreased
by a factor of 2. lf the distance between the fringes is small compared with the
distance from the slits to the screen, the distance between adjacent fringes

increases by a factor of 2.
increases by a factor of 4.
depends on the width of the sl i ts.
decreases by a factor of 2.
decreases by a factor of 4.

r . />
.. I

is Q.
must be greater than O.
must be less than O.
is zero.

Q from a cold reservoir. The heat exhausted to a hot

\t,
V

30. A diffraction grating is to be used to find the wavelength of the emission spectrum
of a gas. The grating spacing is not known, bufelQht of a known wavelength of
632.8 nm is deflected by 43.2' in the second order by this grating. Light of the
wavelength to be measured is deflected by 35.5" in the second order. What is the

A)
,a(c)
D
E)

A)
B)
c)
D)

29. A refrigerator extracts heat
reservoir

, l  L, AtJ f lz)
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wavelength of this light? n

/\635 2 nm 12 A"
(8)/536.8 nm
f, +oa.e
D) 443.7 nm
E) None of the above is correct. r\- ldt{ i

i.1. -,,,.,r*r*1
31. Treat each of your eyes as a circular aperture of diameter 3.5 mm. Light of

wavelength 500 nm is used to view two point sources that are 894 m distant from
you. How far apart must these two point sources be if they are to be just resolved
by your eye? Assume that the resolution is diffraction limited and use Rayleigh's
cr i ter ion.  

) :
A )  13  cm.
B)  16  cm.
C)  19  cm.
D)  23  cm.

r@ruone of the above is correct.
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