Physics Exam - University of Houston Math Contest
January 29, 2022

Unless otherwise specified, please use g as the acceleration due to gravity at the surface of the earth. Vectors
X, y, and z are unit vectors along z, y, and 2, respectively, in a normal Cartesian coordinate system. Let G be the
universal gravitational constant. To simplify calculations, you may use g = 10m/ s

1) Questions 1 - 3 pertain to a mass m that slides on a vertical, circular wire hoop as shown. The top half of the
hoop (0 < 6 < ) is friction free, but the bottom half has a kinetic friction coefficient of y;,. Mass m is released

from rest at the top and arrives at point (R, 0) with a velocity v = 4/ %R y after traveling in the counter-clockwise
direction.

i

()

The work done by friction is given by

3mgR 3mgR R
n’;g b)0 c) — % d) — % e) none of the other answers provided

a)

2) Questions 1 - 3 pertain to a mass m that slides on a vertical, circular wire hoop as shown. The top half of the
hoop (0 < 6 < ) is friction free, but the bottom half has a kinetic friction coefficient of . Mass m is released

from rest at the top and arrives at point (R, 0) with a velocity v = 4/ %R y after traveling in the counter-clockwise

direction.

i

()

The magnitude of the average force due to friction over the range where friction exists is given by

m 3m m 3m .
a) 9 b) °omg c) ) ) omg ¢) none of the other answers provided
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3) Questions 1 - 3 pertain to a mass m that slides on a vertical, circular wire hoop as shown. The top half of the
hoop (0 < € < 7) is friction free, but the bottom half has a kinetic friction coefficient of pj. Mass m is released

from rest at the top and arrives at point (R, 0) with a velocity v = 4/ QTR y after traveling in the counter-clockwise

direction.

m

()

The angle 6 that mass m makes with respect to the positive x-axis when it stops is given by

(1 .11 (1 (1
a) cos (Z) b) sin (Z) ¢) cot (Z) d) tan <Z)

e) none of the other answers provided

4) Questions 4 - 6 pertain to mass M with velocity V' that makes an angle 6 with respect to the negative y-axis as
shown. At the origin, mass M breaks into two pieces, m1 and my, that have velocities v and v, respectively.
v makes angle a with respect to the y-axis, and vo makes an angle 5 with respect to the z-axis. Assume all
angles have positive values as shown in the figure. v; and v are the magnitudes of the velocities of v; and v,
respectively, and V' is the magnitude of the velocity of V.

The symbolic, scalar equation for conservation of momentum in the x-direction, with correct signs, is given by

a) MV sinf = mowvs cos B+ myv; sina
b) MV sinf = mayvs sin 8+ myvy cosa
¢) MV sinf = msvs cos f — myvi sina
d) MV sinf = movs sin 8 — m1v; cos
e) none of the other answers provided

Continued on the next page...
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5) Questions 4 - 6 pertain to mass M with velocity 'V that makes an angle 6 with respect to the negative y-axis as
shown. At the origin, mass M breaks into two pieces, m1 and mg, that have velocities v and v, respectively.
v makes angle o with respect to the y-axis, and vo makes an angle 5 with respect to the z-axis. Assume all
angles have positive values as shown in the figure. v; and v are the magnitudes of the velocities of v; and v,
respectively, and V' is the magnitude of the velocity of V.

3 4
Assume that no mass is lost during the breakup and let m; = 2my, v; = vy, sina = 5 and sin 8 = —. The

angle 6 is given by

9 9 9
a) sin ! (Z) b) tan~* <Z> ¢) cannot be determined d) cos ! <Z)

e) none of the other answers provided

6) Questions 4 - 6 pertain to mass M with velocity 'V that makes an angle 6 with respect to the negative y-axis as
shown. At the origin, mass M breaks into two pieces, m1 and my, that have velocities vy and v, respectively.
v makes angle a with respect to the y-axis, and vo makes an angle 5 with respect to the z-axis. Assume all
angles have positive values as shown in the figure. v; and v are the magnitudes of the velocities of v; and v,
respectively, and V' is the magnitude of the velocity of V.

The value for the magnitude V' of the velocity V is given by

20 15 Vg 3497

a) Vo b) () c) V9 d) Vg
397 V97 15 20
) cannot be determined f) none of the other answers provided
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7) Questions 7 - 9 pertain to a student studying torque using a configuration that is shown in the figure below. A
uniform bar having mass M is attached to a ceiling with a string having tension 7', and the bottom of the bar rests
on the floor that produces a coefficient of static friction between the floor and the bar given by u. The length of the
baris L, f is the magnitude of the static frictional force, and IV is the magnitude of the normal force of contact
between the bar and the floor. The angles € and ¢ are shown in the figure. You wish to determine the relationships
between the different variables using the equations that describe static equilibrium. Use a standard coordinate system
with +a to the right and +y up the page, and consider all angles positive as shown.

Expressions for f are given by

a) f = T cos ¢ only b) f=Tcos¢, f > usN c)f=Tcoso, f < usN
d)f=Tcos¢, f=pusN ¢) none of the other answers provided

8) Questions 7 - 9 pertain to a student studying torque using a configuration that is shown in the figure below. A
uniform bar having mass M is attached to a ceiling with a string having tension 7, and the bottom of the bar rests
on the floor that produces a coefficient of static friction between the floor and the bar given by . The length of the
baris L, f is the magnitude of the static frictional force, and IV is the magnitude of the normal force of contact
between the bar and the floor. The angles 6 and ¢ are shown in the figure. You wish to determine the relationships
between the different variables using the equations that describe static equilibrium. Use a standard coordinate system
with +a to the right and +y up the page, and consider all angles positive as shown.

An expression for N is given by
a) N = Mg—Tsing b) N = Mg+ Tsing c) N = Mg d)N=—-Mg+ Tsing

e) none of the other answers provided
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9) Questions 7 - 9 pertain to a student studying torque using a configuration that is shown in the figure below. A
uniform bar having mass M is attached to a ceiling with a string having tension 7', and the bottom of the bar rests
on the floor that produces a coefficient of static friction between the floor and the bar given by u. The length of the
baris L, f is the magnitude of the static frictional force, and IV is the magnitude of the normal force of contact
between the bar and the floor. The angles € and ¢ are shown in the figure. You wish to determine the relationships
between the different variables using the equations that describe static equilibrium. Use a standard coordinate system
with +a to the right and +y up the page, and consider all angles positive as shown.

An expression for M is given by

2 M= 2T sin'(9 + ¢) by M — 2T cos.(e + ¢) O M= Tsin('a +¢)
gsinf gsinf gsinf
2T 0
dy M = M e) none of the other answers provided
gcosf

10) Questions 10 - 12 pertain to a satellite s having mass m revolving around a planet P having mass M.
Assume M > m and assume that the planet is stationary. The satellite's distance of closest approach to the planet is
rq , and its farthest distance from the planet is %7'0'

The ratio of the satellite's kinetic energy Ko at %?"0 to its kinetic energy K7 at rq is given by

4 b 16 25 d > f the oth ided
a) 3 ) 5% c) 16 ) 7 e) none of the other answers provide

Continued on the next page...
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11) Questions 10 - 12 pertain to a satellite s having mass m revolving around a planet P having mass M. Assume

M > m and assume that the planet is stationary. The satellite's distance of closest approach to the planet is ¢, and
its farthest distance from the planet is %ro.

We know that that the planet's motion lies in a plane because

a) potential energy is conserved b) kinetic energy is conserved

¢) linear momentum is conserved
d) total energy is conserved ¢) none of the other answers provided

12) Questions 10 - 12 pertain to a satellite s having mass m revolving around a planet P having mass M.

Assume M > m and assume that the planet is stationary. The satellite's distance of closest approach to the planet is

70, and its farthest distance from the planet is %ro.

As the satellite revolves around the planet, the center of mass of the system

a) moves outside the orbit indicated in the figure b) moves in a circle around mass M
¢) cannot be determined

d) remains at rest because the system is isolated
e) none of the other answers provided

13) Questions 13 - 15 pertain to a mass m that is attached to a string having a length L as shown. Mass m is

initially at rest when it is struck by a projectile having mass m /2 and speed v to the right. Mass m /2 becomes
embedded in mass m.

R R R

a
l.

2
/2 Im/2

—r

o

m
The height to which mass - rises before coming to rest is given by

V2 v2 V2 v2

0 0 0 0

0 b) —L 0 d) -2
Y 99 ) Tag ) 69 )3

e) none of the other answers provided
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14) Questions 13 - 15 pertain to a mass m that is attached to a string having a length L as shown. Mass m is
initially at rest when it is struck by a projectile having mass m /2 and speed vy to the right. Mass m /2 becomes
embedded in mass m.

A e o S

d
I

2
"2 Im/?2

e

o

The tension in the string when mass - arrives back at the bottom is given by

2

)3 % b)0 )3 a3 + 20 ) f the oth ided
a)—m —_ C)—m —m —_— €) nonc o € othner anSwers proviae
2™ \97 oL 7™ 2™\ 97 9L Wers prov

15) Questions 13 - 15 pertain to a mass m that is attached to a string having a length L as shown. Mass m is
initially at rest when it is struck by a projectile having mass m /2 and speed vy to the right. Mass m /2 becomes
embedded in mass m.

R

9
I

2
/2 3m/2

e

mo

From the time of the collision, the time required for the mass to return to the bottom traveling to the left is given by

a) (£> b) 27 £ c)2m, | % d)r /% e) none of the other answers provided
[Y) \/ g

16) Questions 16 - 18 pertain to the figure below that shows the top view of a disk having mass M and moment of
1
inertia 5 MR? . A small mass m can be placed at its center and slide along the groove as shown. Initially, the disk

spins with an angular velocity w, when mass m is placed at its center and slides out to the edge where it sticks to

M
the wall. The time required for the mass to slide the distance R is . Let m = T and assume its size is negligible.

M

FEy

After m reaches the edge, the angular velocity wy of the system is given by
Jwp=zw  bw = Jor=cwe  dwy =
a = — = — C _= — = —
Wy ng Wy 5w0 Wy 4w0 Wy 2UJ0
e) none of the other answers provided
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17) Questions 16 - 18 pertain to the figure below that shows the top view of a disk having mass M and moment of
inertia 3 MR? . A small mass m can be placed at its center and slide along the groove as shown. Initially, the disk
spins with an angular velocity wy when mass m is placed at its center and slides out to the edge where it sticks to

M
the wall. The time required for the mass to slide the distance R is t. Let m = T and assume its size is negligible.

M

FEy

The fractional change in the kinetic energy of the system is given by

1 1
b) — c) —— d) — 1 e) none of the other answers provided

1
a) —— —
6 3 12

18) Questions 16 - 18 pertain to the figure below that shows the top view of a disk having mass M and moment of
inertia —MR? . A small mass m can be placed at its center and slide along the groove as shown. Initially, the disk
spins with an angular velocity wy when mass m is placed at its center and slides out to the edge where it sticks to

M
the wall. The time required for the mass to slide the distance R is t. Let m = T and assume its size is negligible.

FEy

The magnitude of the average torque exerted on the disk during the process is given by

R? 2mR? R? 2mR?
a) % b) % c) % d) % e) none of the other answers provided

Continued on the next page...
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19) Questions 19 - 21 pertain to a rod of length L, mass m, and moment of inertia I that is suspended from a pivot
and allowed to swing from rest as shown in the figure. At any arbitrary angle 6, measured counter-clockwise from
the dashed line, the magnitude of the angular velocity of the rod is wg. The center of mass of the rod is located at

3 L as measured from the pivot.

=

!: ',

=

The vector expression for the angular velocity w is given by
a) w = —wyX b) w = wyx C) W= wyz d) w = wpy e) none of the other answers provided

20) Questions 19 - 21 pertain to a rod of length L, mass m, and moment of inertia I that is suspended from a pivot
and allowed to swing from rest as shown in the figure. At any arbitrary angle 6, measured counter-clockwise from
the dashed line, the magnitude of the angular velocity of the rod is wg. The center of mass of the rod is located at

3 L as measured from the pivot.

.“:

- At (1 R
)v=—-Xx (§w9L> -y <§ng) dv=-x (§w9L> -y <§w91}>

e) none of the other answers provided
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21) Questions 19 - 21 pertain to a rod of length L, mass m, and moment of inertia I that is suspended from a pivot
and allowed to swing from rest as shown in the figure. At any arbitrary angle 6, measured counter-clockwise from
the dashed line, the magnitude of the angular velocity of the rod is wg. The center of mass of the rod is located at

3 L as measured from the pivot.

=

=

The vector expression for the angular acceleration a at arbitrary € is given by

mgL sin6z )= 2mgL cos0z da=- 2n?;LIgL cosOz

2mgL . 2
a)a = n?;LIg sin 0z b)a=—

e) none of the other answers provided

22) Questions 22 - 23 pertain to a string that is stretched between two supports. The tension in the string is 7', the
length of the string is L, and the speed of a wave on the string is vg. The linear mass density of the string is d. One
of the supports is a vibrator that can vibrate with frequency f causing a standing wave to be set up as shown. The
other end is attached to a massless ring that can slide friction free on a rod so that the angle between that rod and the
string is 90 degrees.

A
 J

The frequency that causes this standing wave is given by

a) 3 b) Yo ) 3vwo 5o

5T i3 i d) 1L e) none of the other answers provided

23) Questions 22 - 23 pertain to a string that is stretched between two supports. The tension in the string is T, the
length of the string is L, and the speed of a wave on the string is vg. The linear mass density of the string is d. One
of the supports is a vibrator that can vibrate with frequency f causing a standing wave to be set up as shown. The
other end is attached to a massless ring that can slide friction free on a rod so that the angle between that rod and the
string is 90 degrees.

A
 J

. . 3 . .
If the linear mass density changes to Zd and no other parameters change, then in order to keep the same standing

wave pattern, the frequency becomes

5v S5v 5v 5v .
a) -2 b) ] c) -9 d) ] e) none of the other answers provided
8L 2L 3L 4L
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24) An object initially at rest is subjected to a constant net force. Measurements are taken of its velocity v at
different distances d from the starting position. A graph of which of the following should exhibit a straight-line
relationship?

a) d versus v ! b) d? versus v 2 ¢) d? versus v* d) d versus v*
e) none of the other answers provided

25) In which of the following situations would an object be accelerated?

[. It moves in a straight line at constant speed.

II. It moves with uniform circular motion.

III. It travels as a projectile in a gravitational field with negligible air resistance.
a) [ only b) II and III only ¢) I, Il and IIT d) [T only e) none of the other answers provided
26) An object is released from rest on a planet that has no atmosphere. The object falls freely for 4.0 meters in the

first second. What is the magnitude of the acceleration due to gravity on the planet?

a)dm/s? b) 2m/s? c) 8m/s? d) 10m/s? e) none of the other answers provided

27) In which graph of v vs. t does the object end up farthest from its starting point?

o+ o+ U+ T+
| [/

(1 ) 3) ) ()

a)l b) 2 c)3 d)4 e)5

28) Which graph of v vs. ¢ best describes the motion of a particle with positive velocity and negative acceleration?

v+ D+ v+ o+
| l/

(1 (2) @) ) ()

a) 1 b) 2 )3 dd4 5
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29) A car and a truck, starting from rest, have the same acceleration, but the truck accelerates for one/half the length
of time. We wish to compare the distance traveled while accelerating. Compared with the car, the truck will travel

a) twice as far b) four times as far ¢) one-half as far d) one-fourth as far
e) none of the other answers provided

30) Consider three position curves between time points A and B. Choose the correct relationship among the
average velocities, v1avg, V2 avg, and v3 ayg.

A

a) vg avg = U2avg > V3 avg b) v, avg — V2avg = V3 avg C) va avg > Ulavg = U3avg
d) V1 avg < V2avg < U3avg e) none of the other answers provided

31) Two cardboard boxes full of books are in contact with each other on a frictionless table. Box H has twice the
mass of box G. If you push on box G with a horizontal force F, then box H will experience a net force of

F—f O | H

a)F/3 b)2/3 F ¢)2F d)3/2 F €) none of the other answers provided

32) A plane 5 meters in length is inclined at an angle of 37°, as shown above. A block of weight 30 newtons is
placed at the top of the plane and allowed to slide down. The work done on the block by the gravitational force
during the 5 meter slide down the plane is most nearly

<Al

a) 150 J b)30J c)120J d)90J e) none of the other answers provided

University of Houston Math Contest 2022 Physics Exam
https://mathcontest.uh.edu Page 12 of 14



33) A rock is dropped from the top of a large building. One second later, another rock with twice the mass as the first
is dropped from the top of the same building. Ignoring air resistance, which of the following statements is true?

a) They strike the ground with the same kinetic energy.

b) They strike the ground more than one second apart.

¢) The distance between the rocks increases while both are falling.
d) The acceleration is greater for the more massive rock.

e) none of the other answers provided

34) A physics student pulls a mass along a rough horizontal floor at a constant speed with a force of P as shown in
the diagram. Which of the following must be true?

AY
..(/W

Y\'v.

a)P=fand N > W b)P> fand N =W )P > fand N<W
dP=fand N=W e) none of the other answers provided

35) A small box of mass m is placed on a larger box of mass 2m as shown in the diagram. When a force F' is
applied to the larger box, both boxes accelerate to the right with the same acceleration. If the coefficient of friction
between all surfaces is u, what would be the force accelerating the smaller mass?

m

2mF—}

Fmgu
3

a) F'— 3mgu b) c) FF—mgu d) g — mgu e) none of the other answers provided

36) Three masses are shown in the diagram. If the coefficient of kinetic friction between my and the table is u,
what is the upward acceleration of mgs? Note that m9 > m; > mg and the mass and friction of the cords and
pulleys are negligible.

™2

2 g(m1 + pms) b) g(m1 — uma — ms) o gu(mi — ma — ms)
mi1 + mo + ms3 mi1 + mo + m3 mi1 + mo + ms
gu(my + mae + ms)

mi — uma — ms3

d)

e) none of the other answers provided
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37) Assuming a frictionless, massless pulley, determine the acceleration of the blocks once they are released from
rest if M > m.

m
M
M M4+ m M —m M
a) 9 b)g C)g d)_g e) mg
M+m M—m M+m m M+m

f) none of the other answers provided

38) A projectile is launched at an angle of 60° with a velocity of 200m/s. If air resistance is negligible, what is the

magnitude of the horizontal velocity of the projectile when it reaches maximum altitude?
a) 200m/s b) 125m/s ¢) 100m/s d) 250m/s e) none of the other answers provided

39) A projectile is launched over level ground with a horizontal component of velocity of v, = 40m/s and a
vertical component of velocity of v, = 50m/s. At what horizontal distance from the launch point will the
projectile strike the ground?

a) 200m b) 400m ¢) 250m d) 500m e) none of the other answers provided

40) TIEBREAKER QUESTION: A block of mass m is placed against the inner wall of a hollow cylinder of
radius R that rotates about a vertical axis with a constant angular velocity, w, as shown. In order for friction to
prevent the mass from sliding down the wall, the coefficient of static friction p between the mass and the wall must
satisfy which of the following inequalities?

s @

2 2
w*R w*R
a)p < b) u < mg C)uzi dp< g e)p >
w?R w?R g
f) none of the other answers provided
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