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Instructor: Profs. Acosta, Hagen, Hamlin
PHYSICS DEPARTMENT

PHY 2048 Exam 2 March 28, 2019

Name (print, last first): Signature:

On my honor, I have neither given nor received unauthorized aid on this examination.

YOUR TEST NUMBER IS THE 5-DIGIT NUMBER AT THE TOP OF EACH PAGE.

DIRECTIONS
(1) Code your test number on your answer sheet (use 76–80 for the 5-digit number). Code your name on your

answer sheet. DARKEN CIRCLES COMPLETELY. Code your student number on your answer sheet.
(2) Print your name on this sheet and sign it also.
(3) Do all scratch work anywhere on this exam that you like. At the end of the test, this exam printout is to be turned in.

No credit will be given without both answer sheet and printout with scratch work most questions demand.
(4) Blacken the circle of your intended answer completely, using a #2 pencil or blue or black ink. Do not

make any stray marks or the answer sheet may not read properly.
(5) The answers are rounded off. Choose the closest to exact. There is no penalty for guessing.

>>>>>>>>WHEN YOU FINISH <<<<<<<<
Hand in the answer sheet separately.

Use g = 9.80 m/s2
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PHY2048 Exam 1 Formula Sheet

Vectors

~a = axî+ ay ĵ + azk̂ ~b = bxî+ by ĵ + bzk̂ Magnitudes: |~a| =
√

a2x + a2y + a2z |~b| =
√

b2x + b2y + b2z

Scalar Product: ~a ·~b = axbx + ayby + azbz Magnitude: ~a ·~b = |~a||~b| cos θ (θ = angle between ~a and ~b)

Vector Product: ~a×~b = (aybz − azby )̂i+ (azbx − axbz)ĵ + (axby − aybx)k̂

Magnitude: |~a×~b| = |~a||~b| sin θ (θ = angle between ~a and ~b)

Motion

Displacement: ∆~r = ~r(t2)− ~r(t1)

Average Velocity: ~vave =
∆~r

∆t
=

~r(t2)− ~r(t1)

t2 − t1
Average Speed: save = (total distance)/∆t

Instantaneous Velocity: ~v =
d~r(t)

dt
Relative Velocity: ~vAC = ~vAB + ~vBC

Average Acceleration: ~aave =
∆~v

∆t
=

~v(t2)− ~v(t1)

t2 − t1
Instantaneous Acceleration: ~a =

d~v

dt
=

d2~r

dt2

Equations of Motion for Constant Acceleration

~v = ~v0 + ~at

~r − ~r0 = ~v0t+
1
2~at

2

v2x = v2x0 + 2ax(x− x0) (in each of 3 dim)

Newton’s Laws

~Fnet = 0 ⇔ ~v is a constant (Newton’s First Law)

~Fnet = m~a (Newton’s Second Law)

“Action = Reaction” (Newton’s Third Law)

Force due to Gravity

Weight (near the surface of the Earth) = mg ( use g=9.8 m/s2 )

Magnitude of the Frictional Force

Static: fs ≤ µsFN Kinetic: fk = µkFN

Uniform Circular Motion (Radius R, Tangential Speed v = Rω, Angular Velocity ω)

Centripetal Acceleration: a =
v2

R
= Rω2 Period: T =

2πR

v
=

2π

ω

Quadratic Formula

If: ax2 + bx+ c = 0 Then: x =
−b±

√
b2 − 4ac

2a

Work (W ), Mechanical Energy (E, Kinetic Energy (K)), Potential Energy (U)

Kinetic Energy: K= 1
2mv2 Work: W =

∫ ~r2

~r1

~F · d~r When force is constant W = ~F · ~d

Power: P = dW
dt

= ~F · ~v Work-Energy Theorem: Kf = Ki +W Work done by gravity: Wg = −mg∆y
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PHY2048 Exam 2 Formula Sheet

Potential Energy: ∆U = −W = −
∫ ~r2

~r1
~F · d~r Fx = − dU

dx

Gravitational (y=up): Fy = −mg U(y) = mgy

Mechanical Energy: Emec = K + U

Emec = constant for an isolated system with conservative forces

Work-Energy: W (external) = ∆K +∆U +∆E(thermal)

Springs

Spring force (Hooke’s law): F = −kx Work done by spring: Ws =
1

2
kx2

i −
1

2
kx2

f

Elastic Potential energy (x from spring equilibrium): U(x) =
1

2
kx2

Momentum

Center of Mass: ~rcom = 1
Mtot

∑N
i=1 mi~ri Mtot =

∑N
i=1 mi

Linear Momentum: ~p = m~v Impulse: ~J = ∆~p =
∫ tf
ti

~F (t)dt = ~Fav∆t

~F = d~p
dt

If ~F = d~p
dt

= 0 then ~p = constant and ~pf = ~pi

~Ptot = Mtot ~vcom =
∑N

i=1 ~pi
~Fnet =

d~Ptot

dt
= Mtot~acom

Elastic Collisions of Two Bodies, 1D

v1f = m1−m2

m1+m2

v1i +
2m2

m1+m2

v2i v2f = 2m1

m1+m2

v1i +
m2−m1

m1+m2

v2i

Rockets: Thrust = Ma = vrel
dM
dt

∆v = vrel ln(
Mi

Mf
)

Rotational Variables

angular position: θ(t) angular velocity: ω(t) = dθ(t)
dt

angular acceleration: α(t) = dω(t)
dt

= d2θ(t)
dt2

For constant angular acceleration α:

ω = ω0 + αt ω2 = ω2
0 + 2α(θ − θ0)

θ = θ0 + ω0t+
1

2
αt2 θ = θ0 +

1

2
(ω + ω0)t

Angular to linear relationships for circular motion

arc length: s = rθ velocity: v = rω

tangential acceleration: aT = rα centripetal acceleration: ac = rω2

Rotational Inertia: I=
∑N

i=1 mir
2
i (discrete)

I=
∫

r2 dm (continuous)

Parallel Axis: I=Icom +Mtotd
2 (d is displacement from c.o.m.)
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PHY2048 Exam 2 Formula Sheet

Rotational, Rolling Kinetic Energy: Krot =
1

2
Iω2 Kroll =

1
2Mv2com + 1

2Icomω
2

Rolling without slipping: xcom = Rθ vcom = Rω acom = Rα

Rolling down a ramp: acom =
gsinθ

(

1 + I
mR2

)

Torque and Angular Momentum

Torque: ~τ = ~r × ~F (where k̂ = î× ĵ gives directions for cross product)

τ = rF sin (angle between ~r and ~F ) = rF⊥

Angular Momentum: ~L = ~r × ~p ~τ = d~L
dt

L = rp sin (angle between ~r and ~p) = rp⊥

L = Iω

If ~τnet =
d~L
dt

= 0 then ~L = constant and ~Lf = ~Li

Work done by a constant torque: W = τ∆θ = ∆Krot =
1

2
Iω2

2 −
1

2
Iω2

1

Power done by a constant torque: P = τω

For torque acting on a body with rotational inertia I: ~τ = I~α

Elasticity

Stress and Strain (Y = Young’s modulus, B = bulk modulus)

Linear: F
A
= Y ∆L

L

Volume: P = F
A
= −B∆V

V
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1. A sled and rider having a combined mass of 100 kg travels over a perfectly smooth icy surface. The sled has a speed of
10 m/s initially when traveling over a horizontal surface. It then encounters an upward sloping icy hill of vertical height
3 m. What is the speed of the sled in m/s when it reaches the top of the hill?

(1) 6.4 (2) 4.6 (3) 8.4 (4) 7.8 (5) 0 (or does not reach top)

2. A sled and rider having a combined mass of 100 kg travels over a perfectly smooth icy surface. The sled has a speed of
10 m/s initially when traveling over a horizontal surface. It then encounters an upward sloping icy hill of vertical height
4 m. What is the speed of the sled in m/s when it reaches the top of the hill?

(1) 4.6 (2) 6.4 (3) 8.4 (4) 7.8 (5) 0 (or does not reach top)

3. A marble with a mass of 0.05 kg is placed on a vertical spring of negligible mass and a spring constant equal to 400 N/m
that is compressed by a distance of 7 cm. When the spring is released, how high does the marble rise from the release
position? (The marble and the spring are not attached.)

(1) 2.0 m (2) 40 m (3) 0.07 m (4) 20 m (5) 0.5 m

4. Tarzan, who weighs 700 N, swings from a cliff at the end of a convenient vine that
is 20 m long. From the top of the cliff to the bottom of the swing, he descends
by 2.5 m. Unfortunately, at the bottom of his swing, the vine breaks and he falls
another 5 m vertically. How far in the horizontal direction, d, does Tarzan travel
from the point at which the vine breaks?

(1) 7.1 m
(2) 14 m
(3) 20 m
(4) 5 m
(5) 2.5 m

5. A potential energy function from a conservative force is given by U(x) = x2+2x− 3, with the result measured in Joules.
If a mass is released from rest at x = 1, what is the maximum kinetic energy (in Joules) in its subsequent motion?

(1) 4.0 (2) 1.0 (3) 2.0 (4) 3.0 (5) 0

6. A potential energy function from a conservative force is given by U(x) = x2+2x− 3, with the result measured in Joules.
If a mass is released from rest at x = 0, what is the maximum kinetic energy (in Joules) in its subsequent motion?

(1) 1.0 (2) 4.0 (3) 2.0 (4) 3.0 (5) 0

7. A 10 kg dog stands at one end of a 3.0 m long boat of mass 20 kg, a total
distance of D = 8 m from the shore. He then walks to the other end of the boat.
Assuming no friction between the boat and the water, how far is the dog now
from the shore? D

(1) 6.0 m (2) 5.0 m (3) 2.0 m (4) 7.0 m (5) 1.0 m

8. A professor is standing at rest on a frictionless sheet of ice that covers a parking lot in Chicago, and there is negligible
friction between his feet and the ice. He catches a ball of mass 0.4 kg that is tossed to him with a horizontal velocity of
10 m/s. What is the final kinetic energy in Joules of the professor+ball system? The professor’s mass is 80 kg.

(1) 0.1 (2) 4000 (3) 0.4 (4) 20 (5) 0.0005
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9. A steel ball of mass m is fastened to a cord of length ℓ and fixed at the far end.
The ball is then released when the cord is horizontal, as shown in the figure. At the
bottom of its path, the ball strikes a steel block of mass 4m that is initially at rest
on a frictionless surface. The collision is elastic. What is the speed of the ball just
after the collision?

l

(1) 3
√
2gℓ/5 (2) 2

√
2gℓ/5 (3)

√
2gℓ/5 (4)

√
2gℓ (5) 8

√
2gℓ/5

10. A steel ball of mass m is fastened to a cord of length ℓ and fixed at the far end.
The ball is then released when the cord is horizontal, as shown in the figure. At the
bottom of its path, the ball strikes a steel block of mass 4m that is initially at rest
on a frictionless surface. The collision is elastic. What is the speed of the block
just after the collision?

l

(1) 2
√
2gℓ/5 (2) 3

√
2gℓ/5 (3)

√
2gℓ/5 (4)

√
2gℓ (5) 8

√
2gℓ/5

11. The velocity of a pitched baseball has a magnitude of 40 m/s before it is struck by a bat, and it is returned with a
velocity of 60 m/s in the opposite direction. If the ball remains in contact with the bat for 1.5 milliseconds, find the
magnitude of the average force applied by the bat. The baseball has a mass of 0.15 kg.

(1) 10,000 N (2) 15 N (3) 2000 N (4) 3 N (5) 100 N

12. A high-speed flywheel in a motor is spinning at 50 rad/s when a power failure suddenly occurs. The power is off for
t = 40 s and during this time the flywheel slows uniformly due to friction in its axle bearings. During the time the power
is off, the flywheel makes 200 complete revolutions. At what rate is the flywheel spinning when the power comes back
on?

(1) 13 rad/s (2) 27 rad/s (3) 0 rad/s (4) 63 rad/s (5) 113 rad/s

13. The angular position of one blade of a windmill after a wind begins to blow can be described by θ(t) = 10t+4t3, with θ
measured in radians and with t measured in seconds starting from 0 when the wind starts. What is the average angular
velocity of the blade in the first two seconds after the wind starts?

(1) 26 rad/s (2) 52 rad/s (3) 58 rad/s (4) 48 rad/s (5) 10 rad/s

14. A large fan blade with a center-to-tip length of 1.0 m starts from rest and then speeds up with a uniform angular
acceleration of 0.4 rad/s2. Calculate the magnitude of the total linear acceleration of the tip of the blade at t = 2 s.

(1) 0.75 m/s2 (2) 0.64 m/s2 (3) 0.40 m/s2 (4) 1.0 m/s2 (5) 0.90 m/s2

15. A solid disk of uniform thickness has a mass of 10 kg and a radius of 0.25 m. It is initially at rest and then rotates about
a stationary axis through its center with a constant acceleration of 1 rad/s2. What is the kinetic energy of the disk after
it has turned through 10 revolutions?

(1) 20 J (2) 39 J (3) 3.1 J (4) 78 J (5) 9.8 J
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16. A solid sphere of mass 2 kg and radius 10 cm starts from rest and rolls without slipping down a surface that is sloped
downward at an angle of 37◦ from horizontal. What is the translational speed of the sphere after it has rolled a distance
of 5 m along the surface?

(1) 6.5 m/s (2) 7.7 m/s (3) 5.9 m/s (4) 5.4 m/s (5) 12 m/s

17. A block of mass m = 0.5 kg hangs vertically by a rope that is wrapped many times around
the rim of a pulley that is in the shape of a solid disk of mass M = 5 kg and radius 0.1 m,
as shown in the figure. When the block is released and the rope unspools without slipping,
the angular acceleration of the pulley (in rad/s2) is:

(1) 16
(2) 93
(3) 8.9
(4) 20
(5) 28

18. Two identical masses are connected by a massless bar of length 2r and rotate about a
perpendicular axis at the midpoint between the two masses at an angular velocity ω. If
the radial distance r each mass lies from the axis is tripled, what would be the new value
for the angular velocity?

(1) ω/9
(2) 9ω
(3) ω/3
(4) 3ω
(5) ω

19. In the figure a bullet of mass 0.01 kg is fired into a 1 kg block attached to the end
of a massless rod of length 0.5 m, and the bullet becomes embedded into the block.
The other end of the rod is attached at point A, and is free to rotate about an
axis there. If the initial bullet speed is 100 m/s, what is the angular velocity of the
bullet-block-rod system just after the impact, assuming that the block was initially
at rest?

(1) 2.0 rad/s
(2) 200 rad/s
(3) 1.0 rad/s
(4) 4.0 rad/s
(5) 0.5 rad/s

20. In the figure, a massless bar of length L = 2 m is attached by a hinge to a wall at one
end and is supported by a massless cable at the other end (which is also attached
to the wall). The cable makes an angle of θ = 30◦ with respect to the bar and has
a maximum tension of 350 N that it can withstand. The bar is intended to support
a block with a weight of 500 N. What is the maximum possible distance x that the
block can be placed along the bar from the wall without the cable breaking?

(1) 0.7 m (2) 2.0 m (3) 0 m (4) 1.2 m (5) 1.4 m
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21. A diving board of length 3.0 m is supported at a point 1.0 m from the far end,
and a diver weighing 450 N stands at the free end. The diving board is taken
to be massless. Find the magnitude of the force F that must be made on the
board at the far end.

(1) 900 N (2) 450 N (3) 225 N (4) 1350 N (5) 0 N

22. A uniform ladder of length 5 m and weight 200 N leans against a frictionless vertical wall. The foot of the ladder is
placed 3 m from the base of the wall. What must be the magnitude of the force of static friction supplied by the floor
to keep the ladder from slipping?

(1) 75 N (2) 130 N (3) 150 N (4) 200 N (5) 100 N

23. A long cylindrical copper wire attached to a wall at one end has a radius of 0.5 mm and a length of 10 m. What
force must be applied to the free end of the wire to stretch the wire by 2.5 mm? The Young’s modulus of copper is
1.20× 1011 N/m2.

(1) 24 N (2) 3× 107 N (3) 94 N (4) 240 N (5) 0.006 N
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FOLLOWING GROUPS OF QUESTIONS WILL BE SELECTED AS ONE GROUP FROM EACH TYPE
TYPE 1
Q# S 1
Q# S 2
TYPE 2
Q# S 5
Q# S 6
TYPE 3
Q# S 9
Q# S 10


