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Physics 10 Fall 2019

Exam 2
Nov 15, 2019

Some direction:

No phones or other device that connects to the internet.

You may use a calculator. Please plug in numbers for numerical answers and keep three sig figs
regardless of the actual correct number of sig figs in the problem.

Present clear and complete answers:

Explain your answers clearly but briefly. You want to aim for a level of solution that someone
taking this class would be able to understand. A diagram and a few words may help.

Start calculations with first principles: things like definitions (~a ≡ d~v
dt

) or empirical laws (like
Coulomb’s Law or Newton’s Laws) or conservation laws.

Check time:

The point values for each problem are shown next to the question number. Time yourself accord-
ingly. There are eight problems on the exam, for a total value of 100 points. Good luck!
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Some constants:

g = 9.8 m/s2 G = 6.67 × 10−11N m2/kg2

Some helpful equations:

∆~r ≡ ~rf − ~ri

~v ≡ d~r

dt
~vAV E ≡ ∆~r

∆t

~a ≡ d~v

dt
~aAV E ≡ ∆~v

∆t

~v = ~v0 + ~at

~r = ~r0 + ~v0t+
1

2
~at2

Σ~F = m~a

~F12 = −~F21

~Fg = m~g

Ffr = µFN

ac =
v2

r

FG = G
Mm

r2

For Exam 2:

W ≡ ~F · ∆~r = F∆r// = F∆r cos θ

Wnet = ∆KE

KE ≡ 1

2
mv2

∆PEc ≡ −Wc

PEg = mgh PEs =
1

2
kx2 PEG = −GMm

r

Fs = −kx

E ≡ KE + PE

Ei +Wnc = Ef

~p ≡ m~v

Σ~F =
d~p

dt
Σ~Fave =

∆~p

∆t

at = rα v = rω s = rθ

~ω = ~ω0 + ~αt

~θ = ~θ0 + ~ω0t+
1

2
~αt2

ω2 = ω2
0 + 2α(θ − θ0)

~Rcm =
Σ~rimi

M

I ≡ Σmir
2
i

~τ = ~r × ~F

τ = rF sin θ = r⊥F

Σ~τ = I~α

KE =
1

2
Iω2
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1. (5 points) Two point masses spin in a circle. m1 is 200g and 10cm from the axis of rotation,
and m2 is 500g and 40cm from the axis of rotation. What is the total moment of inertia of
the two masses?

2. (5 pts) An object of mass 2 kg slows from a speed of 6 m/s to a stop. Find the total work
done on the object.
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3. (10 points) Each figure below represents a bicycle wheel with a force exerted on it. The bicycle
wheel is free to rotate around its axle. For each figure below, state the direction of the torque
caused by the force. (CW or CCW is fine for direction, or you may use the Right Hand Rule
we learned.)

4. (10 pts) A child of mass 25 kg stands 2m from the center of a merry-go-round. The merry-
go-round starts from rest and accelerates uniformly to a rate of 15 rpm over 5s.

(a) What is the angular acceleration of the merry-go-round?

(b) How many revolutions does the merry-go-round make in that 5s?
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5. (15 pts) A box is pushed for 5m along a smooth, horizontal floor. The force of the push is
80 N at an angle of 30◦ below the horizontal. The box has a mass of 15 kg. (You can ignore
friction.)

(a) How much work does gravity do on the box?

(b) How much work does the force of the push do on
the box?

6. (10 points) A DVD has a radius of 0.06m and a mass of 0.02kg. It is spinning at a rate of
1200 rpm. (A DVD is a very thin cylinder.) What is its kinetic energy?
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7. (15 pts) A 500g cart moving to the right with speed 8m/s hits a second cart of mass 1kg at
rest. After the collision, the 500g cart bounces back with a speed of 2 m/s to the left. (Do
not assume the collision is elastic.)

(a) What is the velocity of the 1kg cart after the collision?

(b) Is the collision elastic or inelastic?
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8. (15 pts) A block of mass 2kg is connected to a spring with spring constant k = 300N/m. The
spring is compressed horizontally d = 15cm and then released.

Scanned by CamScanner

(a) Find the speed of the block as it passes
through equilibrium

(b) If the block leaves the spring at equilib-
rium and then slides up a frictionless in-
cline, how high will the block go?
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9. (15 points) A rod of length 80 cm and mass 1.5 kg is free to pivot around its left end.

(a) What torque does gravity exert on the rod when it is horizontal?

(b) What is its angular acceleration at that moment?

(c) What is the net torque on the rod when it has fallen to 30◦ below the horizontal?


