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Final Exam Solution: Problem 4
Physics 7A, UC Berkeley, Fall 2010, Prof. A. Speliotopoulos

Grader: Aaron Alpert

Force Considerations. The normal force is N = mg,
and therefore, the maximum frictional force is fmax =
µsN = µsmg. The rolling without slipping condition1 is
v̄ = rω, which implies ā = rα. (Simply take the time deriva-
tive to accomplish this.) That implies

1

m

∑
F =

r

I

∑
τ̄ → 1

m

∑
F =

r
2
5mr

2

∑
τ̄ =

5

2mr

∑
τ̄

(1)

The two relevant forces are friction and the spring force.
When the friction is maximized, so is the spring force. At
the maximal condition,

fmax − Fs,max

m
=

5

2mr
(−rfmax) → Fs,max =

7

2
fmax (2)

As previously stated, the maximum frictional force is µsmg, which leads to Fs,max = −7
2µsmg.

Energy Considerations. Using Hooke’s Law, we can find the maximum displacement (denoted
as δ) which corresponds to the maximum force.

Fs = −kx → Fs,max = −7

2
µsmg = −kδ → δ =

7µsmg

2k
(3)

The total energy stored in a spring stretched δ is

Es =
1

2
kδ2 =

1

2
k

(
7µsmg

2k

)2

=
49µ2m2g2

8k
=

49(.8)2(2)2(9.8)2

8(100)
= 15.06 J (4)

At the ball passes the equilibrium point, it no longer will have any potential energy, just kinetic
energy from translation and rotation.

Eeq =
1

2
mv̄2max +

1

2
Iω2 =

1

2
mv̄2max +

1

2

2

5
mr2

( v̄max

r

)2
=

7

10
mv̄2max (5)

Using the conservation of energy,

Eeq = Es → 7

10
(2)v̄2max = 15.06 J → v̄ = 3.28

m

s
(6)

Grading Rubric. 8 points for the force considerations (broken down into +2 for the rolling
without slipping condition; +2 for F = ma; +2 for τ = Iα; +2 for finding the max spring force).
12 points for the energy considerations (broken down into +2 for the maxium displacement; +4 for
the energy in the spring; +4 for the kinetic and rotational energy; +2 for energy conservation).

1I am using the overbar, as in v̄, to indicate that the quantity refers to the center of mass. Also, I had to carefully
choose that clockwise rotation was positive, or the condition would be v̄ = −rω.





Problem 6

December 17, 2010

Nhoop = mω2R

Ntable = mg

Frhoop = µmω2R

Frtable = µmg

mr2α = τnet = −RFrhoop −RFrtable

mr2α = −µm(R2ω2 + gR)

α = −µ(ω2 +
g

R
)

dω

dt
= −µ(ω2 +

g

R
)

dω

ω2 + g
R

= −µ∫ ω(t)

ω0

dω

ω2 + g
R

=
∫ t

0
−µdt√

R

g
(tan−1(ω

√
R

g
)− tan−1(ω0

√
R

g
) = −µt√

R

g
(tan−1(ω

√
R

g
)− π

4
) = −µt

tan−1(ω

√
R

g
) = −µt

√
g

R
+

π

4

ω

√
R

g
= tan(

π

4
− µt

√
g

R
)

ω =
√

g

R
tan(

π

4
− µt

√
g

R
)

1



ω(T ) = 0
π

4
= µT

√
g

R

T =
π

4µ

√
R

g

2
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