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Instructor(s): Matcheva/Yelton

PHYSICS DEPARTMENT
PHY 2048 Exam 2 November 8th, 2016

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

Code your name on your answer sheet. DARKEN CIRCLES COMPLETELY. Code your UFID 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. Circle your answers on the test form. 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.
(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 some answers may be counted as incorrect.
(5) The answers are rounded off. Choose the closest to exact. There is no penalty for guessing. If you

believe that no listed answer is correct, leave the form blank.
(6) Hand in the answer sheet separately.

Use g = 9.8 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

Projectile Motion

Range: R =
v20 sin(2θ0)

g

Quadratic Formula

If: ax2 + bx+ c = 0 Then: x =
−b±

√
b2 − 4ac

2a
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PHY2048 Exam 2 Formula Sheet

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

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

∫ ~r2

~r1

~F · d~r
−−−−−−−−−→
Constant ~F ~F · ~d Power: P = dW

dt = ~F · ~v

Work-Energy Theorem: Kf = Ki +W Potential Energy: ∆U = −
∫ ~r2

~r1

~F · d~r Fx(x) = −dU(x)

dx

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

Gravity Near the Surface of the Earth (y-axis up): Fy = −mg U(y) = mgy

Spring Force: Fx(x) = −kx U(x) = 1
2kx

2

Mechanical Energy: E = K + U Isolated and Conservative System: ∆E = ∆K +∆U = 0

Linear Momentum, Angular Momentum, Torque

Linear Momentum: ~p = m~v ~F =
d~p

dt
Kinetic Energy: K =

p2

2m
Impulse: ~J = ∆~p =

∫ tf

ti

~F (t)dt

Center of Mass (COM): Mtot =

N
∑

i=1

mi ~rCOM =
1

Mtot

N
∑

i=1

mi~ri ~vCOM =
1

Mtot

N
∑

i=1

~pi

Net Force: ~Fnet =
d~Ptot
dt

= Mtot~aCOM
~Ptot = Mtot ~vCOM =

N
∑

i=1

~pi

Moment of Inertia: I=

N
∑

i=1

mir
2
i (discrete) I=

∫

r2 dm (uniform) Parallel Axis: I=ICOM +Mh2

Angular Momentum: ~L = ~r × ~p Torque: ~τ = ~r × ~F =
d~L

dt
Work: W =

∫ θf

θi
τdθ

Conservation of Linear Momentum: if ~Fnet =
d~p

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

Conservation of Angular Momentum: if ~τnet =
d~L

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

Rotational Variables

Angular Position: θ(t) Angular Velocity: ω(t) =
dθ(t)

dt
Angular Acceleration: α(t) =

dω(t)

dt
=

d2θ(t)

dt2

Torque: τnet = Iα Angular Momentum: L = Iω Kinetic Energy: Erot =
1
2Iω

2 =
L2

2I
Power: P = τω

Arc Length: s = Rθ Tangential Speed: v = Rω Tangential Acceleration: a = Rα

Rolling Without Slipping: xCOM = Rθ vCOM = Rω aCOM = Rα K = 1
2Mv2COM + 1

2ICOMω2

Rotational Equations of Motion (Constant Angular Acceleration α)

ω(t) = ω0 + αt θ(t) = θ0 + ω0t+
1
2αt

2 ω2(t) = ω2
0 + 2α(θ(t)− θ0)

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
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1. An icecube is in a cup which is a hemisphere of radius R. If the
icecube is released from rest near the rim, what is the magnitude
of its acceleration as it slides past the bottom of the cup?

R

(1) 2g (2) g (3) 0 (4) πg/2 (5) g/R

2. A spring of spring constant k = 200N/m is horizontal on a fric-
tionless surface. One end of the spring is attached to a wall. A
mass of 0.5 kg is attached to the other end of the spring. This
spring is compressed from its equilibrium position (x = 0) to
x = −10 cm, and then released. How fast (in m/s) is the mass
going when it passes the point x = +5 cm? 0 x

(1) 1.7 (2) 1.0 (3) 1.4 (4) 2.3 (5) 2.0

3. A conservative force F = 6N acts in the positive x direction. Defining the zero of potential energy
to be at the point x = 0, what is the potential energy at x = 3m?

(1) −18 J (2) 18 J (3) 2 J (4) −2 J (5) 9 J

4. A 5 meter long ladder is placed against a wall with an angle of θ = 53◦ to the horizontal. You lift a
box of mass 2 kg to the top of the ladder. What work is done by gravity during this?

(1) −78 J (2) −98 J (3) 0 J (4) 78 J (5) 98 J

5. A fireman of mass 60 kg slides down a vertical pole of length 5 meters, and has a speed 2.0 m/s
when hitting the ground. What is the average frictional force (in N) acting on the fireman during
the slide?

(1) 564 (2) 588 (3) 282 (4) 294 (5) 147

6. Two identical plates, each of 3cm × 1cm are arranged in the x-y
plane as shown. What, in cm, is the distance from the origin to
the center of mass of the resultant shape?

y (cm)

x (cm)

4

3

2

1

1    2    3
0

0

(1) 1.8
(2) 2.5
(3) 1.4
(4) 2.9
(5) 0.7

7. A motor pulls a 5 kg box over a horizontal surface at a constant velocity of 2 m/s using a horizontal
rope. If the coefficient of friction is µk = 0.4, what is the power supplied by the motor?

(1) 39 W (2) 78 W (3) 0 W (4) 20 W (5) 58 W



77777 77777

8. The potential energy function of a point mass is given by the expression: U(x) = 2x2 + 4x, where
x is the position coordinate in meters, and U is measured in Joules. Only conservative forces are
acting. If the mass is placed at x = 0 and released, how far will the point mass travel before it first
momentarily stops?

(1) 2 m (2) 1 m (3) 3 m (4) 4 m (5) 6 m

9. Jack (90 kg) and Jill (60 kg) are initially at rest 20 m apart on the surface of a slippery frozen pond.
Jack pulls Jill by a light non-stretchable rope. What distance has Jill traveled when she reaches
Jack?

(1) 12 m (2) 20 m (3) 0 m (4) 10 m (5) 8 m

10. Two boxes of mass M1 and M2 = 3M1 are held at rest on a horizontal, frictionless surface with a
compressed spring of negligible mass between them. When the boxes are released, the spring (which
is not attached to either of them) pushes them apart. What then is the ratio of the kinetic energy
of box 1 to that of box 2?

(1) 3 (2) 9 (3) 1/3 (4) 1/9 (5) 1

11. A 5 g bullet is moving horizontally with a speed of 200 m/s when it strikes a 20 g wooden block
(originally at rest on a frictionless horizontal surface) and stays imbedded in the wood. How much
mechanical energy is lost in the collision?

(1) 80 J (2) 100 J (3) 0 J (4) 50 J (5) 20 J

12. A 60 g tennis ball is dropped from a 2 m height, strikes a horizontal sidewalk and rebounds to a
height of 1 m. Find the average force with which the ball hits the ground if the collision lasts 0.02s.

(1) 32 N (2) 13 N (3) 38 N (4) 27 N (5) 19 N

13. A fan blade with a center-to-tip length 0.5 m is rotating with an angular velocity ω(t) = λ−βt3, where
λ = 8 rad/s and β = 0.5 rad/s3. Calculate the magnitude of the instantaneous linear acceleration
of the tip of the blade at t = 2 s.

(1) 8.5 m/s2 (2) 8.0 m/s2 (3) 3.0 m/s2 (4) 12.0 m/s2 (5) 5.0 m/s2

14. Find the rotational inertia of the composite object in the figure.
The axis of rotation is shown with a dashed line. The two thin
rods are uniform and each has a length L and mass M . The hoop
has a radius L and a mass M . The hoop, the rods, and the axis
of rotation are all in the same plane.

(1) (29/6)ML2 (2) (1/3)ML2 (3) (5/6)ML2 (4) (16/3)ML2 (5) (17/6)ML2
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15. A wooden box of mass M = 5kg is kept at rest, suspended on a
light wire that is wrapped around a large pulley with rotational
inertia I = 15 kg·m2 and radius R = 3m. The pulley can rotate
freely around a frictionless horizontal axis of rotation. The sys-
tem, initially at rest, is then released. Find the magnitude of the
angular velocity of the pulley 5 s after the release.

(1) 12.3 rad/s (2) 49 rad/s (3) 9.8 rad/s (4) 55 rad/s (5) 62 rad/s

16. A uniform solid cylinder, a uniform solid sphere, a thin annular cylinder, and a thin spherical shell
are rolling along a horizontal surface with the same center of mass velocity. They all enter an uphill.
Which of the objects will climb to the highest point along the incline? Assume no slipping during
the rolling. All objects have the same mass and radius.

(1) thin annular cylinder
(2) thin spherical shell
(3) uniform solid cylinder
(4) uniform solid sphere
(5) They all reach the same height.

17. A solid wood door 2 m wide and 2 m high is hinged on the side. Initially open and at rest, the door
is struck at its center by a handful of sticky mud with mass 0.5 kg, traveling perpendicular to the
door at 24 m/s just before the impact. The mud stays on the door. If the final angular speed of the
door is 3 rad/s, find the rotational inertia of the door only (in kg·m2) around the axis of rotation
through the hinges.

(1) 3.5 (2) 4 (3) 4.5 (4) 3 (5) 5

18. Two identical disks are freely rotating around a common axis of
rotation with an angular velocity ω clockwise and 4ω counter-
clockwise as shown in the figure. The upper disk is then allowed
to gently fall onto the other, and then they rotate at the same
speed because friction keeps them together. Find the final angular
velocity of the two disks in terms of ω.

4ω

ω

(1) 1.5ω (2) 3ω (3) 2.5ω (4) 2ω (5) 4ω

19. You are building a toy mobile to hang from the ceiling using the
design shown in the figure. Object A has 2 kg mass. What
should be the mass of object B if the mobile is to stay at rest.
The numbers in the figure indicate the relative lengths.

2                 1

B                  2              1

2                  1

A

(1) 4.5 kg (2) 4 kg (3) 2 kg (4) 5 kg (5) 5.5 kg
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20. A 1 m long beam with mass 5 kg is supported at its ends by two
ropes A and B of equal length. A 2-kg box is hanging 20 cm from
the left end A of the beam (see the figure). Find the tension in
the right rope B. A                               B

(1) 28.4 N (2) 68.7 N (3) 34.3 N (4) 19.6 N (5) 49.2 N


