ATTENTION: All Division 01 students, START HERE.
All Division 02 students — skip the first 10 questions, begin o# 11.

1. Approximately how many seconds is it until the PhysicsBowl takes place iedn2199 ?

(A) 10° (B) 10’ (C) 10° (D) 10° (E) 10"

2. Aroom has a floor area &5m?. What is this area written iam??

(A) 25000000 (B) 250000  (C) 2500 (D) 025 (E) 0.0025

. , i . . kg -m
3. Which one of the following quantities can have its unit expresse&e}sf ?
Q

<

(A) Force (B) Power (C) Energy (D) Pressure (E) Linear Momentum

4. The length measuremeht= 0.01230cm has how many significant digits?

(A) 6 (B) 5 ©) 4 (D) 3 (E) 2
5. Atan instant of time, a block of ma€¥50kg has a position o8.0m, a speed o#.0 rp< and
an acceleration 01.0 '%2 . What is the block’s kinetic energy (in Joules) at this instant?

(A) 10 (B) 15 (C) 20 (D) 40 (E) 80

6. For a standing wave mode on a string fixed at both ends, adjacent antinczigzasaéed by a
distance of20cm. Waves travel on this string at a speedD@OC’pé . At what frequency is

the string vibrated to produce this standing wave?

(A) 120 Hz (B) 60 Hz (C) 40 Hz (D) 30 Hz (E) 20 Hz
| |
7. The equivalent resistance of the circuit shown to the right wit V e Rl Rz
resistanceR’, = 400Q2 , R, = 300Q2 ,and R, = 200Q is | |

(A) 0111Q  (B) 0.923Q  (C) 108Q (D) 300Q (E) 9000
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8. Consider the motion of an object given by the position vs. time graph showmh&otime(s) is
the speed of the object greatest?

10

Position (m)
=

-10
0 1 2 3 4 S 6 ¥ 8 9 10

Time (s)

(A) Atall times fromt = 00s— t = 20s
(B) Attimet= 30s
(C) Attimet = 40s
(D) At all times fromt =50s —»>t=70s
(E) Attimet=85s

9. The free fall trajectory of an object thrown horizontally from the toplmfikling is shown as the
dashed line in the figure. Which sets of arrows best correspond to theodsedtthe velocity and

of the acceleration for the object at the point labPled the trajectory?

velocity acceleration T -
(A) N l -
o
(B) —> l P N
(©) — T, %
(D) N v "
©) N N 1

10. A car with mas$ initially travels to the East with speely/ . A truck initially travels to the
West with speedV . After the vehicles collide, they move together to the West wittmeon

speed2V . What is the mass of the truck?

(A) 2M (B) 3M (C) 4M (D) 5M (E) 6M

ATTENTION : All Division 01 students, continue through question 40.
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ATTENTION: All Division 02 students, START HERE. Numbers 1-10 on your answer
sheet should be blank. Your first answer should bfor #11.

11.What is the orientation of the Earth, Sun, and Moon during a total lunpse&zli
(A) The Sun is between the Earth and Moor{D) The Earth, Moon, and Sun make a right triangle.

(B) The Earth is between the Sun and MoofE) The Earth is above the Sun and Moon.
(C) The Moon is between the Sun and Earth.

12.A 5.0kg solid sphere is in free fall near the surface of the Earth. Wha imagnitude of the
gravitational force actingn the Earth by the solid sphere? The Earth’s mass i§98x10** kg .

(A) ON (D) 50N
(B) 5N (E) 598x10” N
(C) Itis immeasurably small, but not zero.

Questions 13 — 14 deal with the following information:

In the figure to the right, a box moves with speﬁﬂorp{ at

the bottom of a rough, fixed inclined plane. The box slides
with constant acceleration to the top of the incline as it is being
pushed directly to the left with a constant forcd~of= 240N . 6.0 m

The box, of massn= 20.0kg , has a speed 0250% when

it reaches the top of the incline.

10.0 m

e  80m __ -
13.What is the magnitude of the acceleration of the box as it slides up linenc

(A) 12.0%2 (B) 10.0%2 (©) 5.88%2 (D) 1.88%2 (E) 0.938%2

14.How much work is done by the applied forEe, to the box?

(A) 2400J (B) 1920J (C) 1200J (D) 9885 J (E) -1875J
15. An ideal gas in a closed container of volu@L is at a temperature 4000 'C . If the pressure

of the gas is25atm, how many moles of gas are in the container?

(A) 0.0048 (B) 0.018 (C) 049 (D) 183 (E) 490
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16. What conditionmust be met in order to use the rotational kinematics equati@r- a)ot+§at2’?

(A) The angular acceleration is constant.

(B) The angular velocity is constant.

(C) The linear acceleration is zero.

(D) The angular acceleration is zero.

(E) There is no restriction on the use of this equation.

17. A toy car moves3.0m to the North in one second. The car then mové!;()al'pé due South for
two seconds. What is the average speed of the car for this thoee seg?

(A) 40M, @) 50M/  (©60m, (@70,  (©120M]

18. A wire has a conventional currdndlirected to the right. At the instant shown in the figure, an
electron has a velocity directed to the left. The magnetic fordeeosléctron at this instant is

(A) zero.

(B) directed out of the plane of the page. WV ®c
(C) directed into the plane of the page.
(D) directed toward the top of the page.
(E) directed toward the bottom of the page. > |

19. A scientist claims to be investigating “The transfer of energyrézatits from the bulk motion of a
fluid.” Which of the following terms best describes the energy teamséthod that this scientist is
studying?

(A) radiation (B) convection  (C) conduction (D) latent heat (E) specific heat

20.A projectile launched from the ground landed a horizontal distant2@® m from its launch point.

The projectile was in the air for a time df00 seconds. If the projectile landed at the same vertical
position from which it was launched, what was the launch speed of thetie8jdgnore air
resistance.

(W) 224M  (B) 300M, (©)361M,  (D)424M  (E)500M,

21.A 20.0kg box remains at rest on a horizontal surface while a person pusdtydo the right on
the box with a force 060N . The coefficient of kinetic friction between the box and the surface i
4, = 020. The coefficient of static friction between the box and the surfage + 060. What is
the magnitude of the force of friction acting on the box during the push?

(A) 200N (B) 120N (C) 60 N (D)40 N (E)O N
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22.A point object is connected to the end of a long string of negligible masseaggstem swings as a
simple pendulum with period . What is the period of the pendulum if the string is made to have
one-quarter of its original length?

() 4T (8) 2T © T ® T} ® T/

23. A person rubs a neutral comb through their hair and the comb becomes negatingsd.chehich of
the following is the best explanation for this phenomenon?

(A) The hair gains protons from the comb.

(B) The hair gains protons from the comb while giving electrons to the comb.

(C) The hair loses electrons to the comb.

(D) The comb loses protons to the person’s hand holding the comb.

(E) The comb loses protons to the person’s hand while also gaining electrortbdrbair.

24. A point mass moves along a horizontal circular path of r&ilum with a constant kinetic
energy of128J . What is the magnitude of the net force acting on the mass as it moves?

(A) 64N (B) 32N (C) 16N (D) 8N (E) ON
25.Which of the following types of electromagnetic radiation has the langggnitude of

momentum per photon?

(A) FMradio (B) Microwaves (C) Violet light (D) Infrared light (E) Gamma rays

26. For the circuit shown, when a shorting wire (no resistance) connects the lpbeled A and B,
which of the numbered light bulbs become brighter? Assume that all four belliceatical and

have resistanc& . 1 3
(0) ()
e e

(A) Bulb 1 only +B
(B) Bulb 2 only v
(C) Bulb 3 only it = 2 4

(D) Bulbs 1 and 3 only
(E) Bulbs 1, 2,and 3

L

27.A proton moves straight up the plane of this page into a region that hamatimdield directed
to the right. If the particle is undeflected as it passes through this regianat direction must
there be a component of electric field? Ignore gravity.

(A) Totheleft (B) Into the page (C) Out of the page (D)Down the page (E) To the right
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28. White light shines through ideal filters to produce cyan light. If arl migenent appears yellow
in white light, what color does the pigment appear in the cyan light?

(A) magenta (B) yellow (C) blue (D) red (E) green

-1leV
29.The diagram to the right shows the lowest four energy levels fdeetnam in a

hypothetical atom. The electron is excited to #ieeV level of the atom and =N
transitions to the lowest energy state by emitting only two photons. Whibk oft _
following energies could not belong to either of the photons? —7eV
(A) 2eV (B) 4eV (C) 5eVv (D) 6 eV (E) 9 eV
=12 oV
30.In terms of the seven fundamental Sl units in the MKS system, the Ohritté&svas
A kg - m? ®) kg-m®-s ©) kg-m D) kg - m? © kg-s®
A?.¢° C? C-s A.g? A?.m?

31. A car moves to the right along a one-dimensional track for total Tinnetwo parts.
e Part One: The car maintains constant non-zero sgded the first 3 of the total time.
e Part Two: The car accelerates uniformly to rest during the lasttbe obtal time.

What is the ratio of the distance traveled during Part One of the tfiye tistance traveled during
Part Two of the trip?

(A) 6:1 (D) 4:3
(B) 3:2 (E) 8:3
(C) The values oV andT are required to answer the question.

32. A cube of unknown material and uniform density floats in a container of wate6@%o of its
volume submerged. If this same cube were placed in a container ofrodesmisity

Lol = 800kg iy what portion of the cube’s volume would be submerged while floating?

(A) 33% (B) 50% (C) 58% (D) 67% (E) 75%

33.An ideal gas undergoes an isobaric expansion followed by an isochoric coolingh d¥the
following statementsnust be true after the completion of these processes?

(A) The final pressure is less than the original pressure.

(B) The final volume is less than the original volume.

(C) The final temperature is less than the original temperature.

(D) The total quantity of hedf), associated with these processes is positive.

(E) The internal energy of the gas is unchanged.
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34.The diagram below shows the path taken by a monochromatic light ray travetingttthree media.
The symbols,, 4,, and f, represent the speed, wavelength, and frequency of the light in Medium 1,
respectively. Which of the following relationships for the lighthe three media is true?

(A) 4 <Ay <2, MediumxﬁkA
(B) v, <vy<vVv, 3
©) f,<f<f Medium 2 \
(D) v; <V, <V, :

(E) A, <A, <A,

N
R
™S\

N\
R
R

Medium 3

35. A piece of an ideal fluid is marked as it moves along a horizontal streathtiough a pipe, as shown
in the figure. In Region I, the speed of the fluid on the streamli¥e i§ he cylindrical, horizontal
pipe narrows so that the radius of the pipe in Region Il is half of #wvats in Region I. What is the
speed of the marked fluid when it is in Region 11?7

(SR

Region 1 | :
(A) 4V © V5 ——~_ | RegionTI
v | I
B) v ® Y, Bt e ®---
1 |

36. For the RC circuit shown, the resistancdlis- 10.0Q2, the capacitance i€ = 50F and the
battery has voltagé =12 volts. The capacitor is initially uncharged when the switch S is
closed at timg = 0. At some time later, the current in the circuitd80A . What is the
magnitude of the voltage across the capacitor at that moment? ¢_s o F

(A) 0 volts ‘ m”‘“ e

(B) 5 volts ‘ ‘

(C) 6 volts

(D) 7 volts 8 ‘ |

(E) 12 volts R
E=iliw

37.For the figure shown, the variable resistance in the circuit on thie latreased at a constant
rate. What is the direction of the magnetic field at the point P aetiiter of the left-hand circuit
and in what direction is the conventional current through the regstioe iright-hand circuit?

Magnetic Field at P Current through resistor o B
(A) Into the page FromBto A R ieht
(B) Into the page From Ato B
(© Out of the page FromBto A
(D) Out of the page From Ato B
(E) There is no field. There is no current.

left
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38. A small object of mas$/ and chargdis connected to an insulating massless string in a vacuum on
Earth. A uniform electric field exists throughout the region of the vacsumdiacated. The mass
remains in static equilibrium at an angle@ivith the vertical as shown in the figure. When the
string is cut, which of the illustrated paths best indicates tjextoay of the mass?

s

Flectric
- C D
Field o o

39. For the compound machine comprised of the inclined plane
and pulley shown, @5.0 N force is required to slide a box 75 N

with massM =10.0kg up the incline at a constant speed.
What is the efficiency of this compound machine?

1 3 1 2
(A) 3 (B) 3 ©) 2 (D) 3 (B) —

40. A uniform solid cylinder of mas#1 = 200kg and radiusR =10.0cmis connected about an

axis through the center of the cylinder to a horizontal spring with spoimgtant 4'00% . The

cylinder is pulled back, stretching the sprid@0mfrom equilibrium. When released, the
cylinder rolls without slipping. What is the speed of the center afytlreder when it returns to

equilibrium?

(W) 0577M, () 100M,  (©115M,  (0)122M  (E) 141

IMPORTANT: All Division 01 students STOP HERE. Your last answer should be number 40.
Numbers 41-50 should remain blank for Division 01 students.

All Division 02 students continue to Questions 41 — 50.
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ATTENTION: All Division 01 students, STOP HERE.
All Division 02 students, continue to question 50.

41. For the circuits shown below, which will take the least time to chamgeapacitor(s) to 90% of the
full charge? All batteries are ideal and identical with émfll resistors are identical with resistance

R, and all capacitors are identical with capacita@and are initially uncharged.

(A) (B) () (D) (E)
C C C C Cc C
R R R R R H
R
—' i
5‘ E_.‘ g g g &g i‘

42. A uniform, solid disk with mas# and radiuf is rotating on a
fixed, frictionless platform with constant angular spegdabout

a fixed axis through its center. A second uniform solid disk of

Mass 2M
Radius R/2

mass2M and radius% is placed from rest directly on top of i

the first disk so that the centers of the disks line up. When Mass M
equilibrium is established, the disks are spinning at the same rate-—., : i Radius R
What is the angular speed of the disks at equilibrium? 0 :

1]

@ @M ©He  ©Fe  ®(%]e

43. A real object is located in front of a convex lens at a distance gtlkatethe focal length of the lens.
What type of image is formed and what is true of the image’s size cednathat of the object?

Type of Image Size of Image
(A) Real Larger than object
(B) Real More information is needed
(©) Virtual Smaller than object
(D) Virtual Larger than object
(E) More information is needed More information is needed

44.1n an ideal LC circuit, what is the time difference between atefenergy in the circuit being
stored in the inductor and all of the energy being stored in the capacitor?

(A) No time difference

(B) One-eighth of a period of oscillation

(C) One-quarter of a period of oscillation

(D) One-half of a period of oscillation

(E) After one full period of oscillation has passed
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45.1n neutron decay, the process is writtemas> p+e + v, wherev is an antineutrino necessary
to have conservation of momentum and energy. Who postulated the existenceimdszutr

(A) Pauli (B) Dirac (C) de Broglie (D) Heisenberg (E) Einstein

E%

46. Monochromatic light is incident on a slide containing six infinitéipt equally spaced slits as
shown in the figure. The resulting interference pattern on a distaetns@veals a place of totg
destructive interference. Of the following, what must be the phaseedife(in radians)
between the electric fields from each of the adjacent slits ®tdbation on the screen?

(A) 0 (B) 74, (©) 74 (D) 7 (E) 7/,

47. A spatially uniform electric field is constrained within the ciesulegion of radiuR as shown.
The field is directed out of the plane of the page and its strengtréasing uniformly in time.
What is the direction of the force on the proton in the figure if the pretoroving to the right at
the instant shown? Ignore gravity.

(A) No Force b
(B) Up A
(C) Down v

(D) Out of the page
(E) Into the page

Questions 48 — 49 deal with the following information:

An electromagnetic wave has an electric field given by the expressioar{gsi@n coordinates):
E(x,t)= 6.0c0os(114x10" x— 343x10t) 2

48.What is the direction of the energy flow for the wave?

(A) =X (B) +x © -y (D) +y (E) +2

49.What is the direction of the magnetic field at titne O and positionx =07

(A) =X (B) +X © -y (D) +y (E) +2

50.What is the magnitude of the linear momentum (in unitg%'fr%) of an electron moving in a

straight line if it has3.2x10™ J of kinetic energy?

(A) 0 (B) 26x10%  (C) 76x10* (D) 1.3x10%*  (E) 19x10™*
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