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Solution Let the speed at the lowest point be v1 and at the highest
point be v2. The total energy is constant.

r + d = L ⇒ 2r = 2(L− d)

mgL =
1

2
mv2

1
=

1

2
mv2

2
+ 2mg(L− d)

v1 =
√

2gL =
√
2 · 9.8 · 1.2 = 4.85 m/s

v2 =
√

g(4d− 2L) =
√

9.8((4(0.75)− 2(1.2)) = 2.42 m/s

h

y

k

m

Solution Apply conservation of energy. Pick one of the
solutions of the quadratic equation that physically makes
sense; the other does not.

mg(h+ y) =
1

2
ky2 ⇒ ky2 − 2y − 2mgh = 0

y =
1±

√
1 + 2mghk

k
= 0.08995 m ≃ 9 cm

Solution There are no external forces, so center of mass does NOT
move when the dog walks relative to the flatboat.

xcom =
md · xd +mb · xb

(md +mb)
⇒ ∆xcom = md∆xd +mb∆xb = 0

⇒ ∆xb = −
md

mb

∆xd ∆xb + d = ∆xd

∆xd =
d

1 +
md

mb

=
2.4

1 +
4.5

18

= 1.92 m

The dog moved closer to the shore, so it is (6.1 - 1.92) = 4.18 m from
the shore.

Solution At the instant the boy is at an angle θ from the vertical, free body diagram is shown. Applying
conservation of energy at the top of the hemisphere and at this instant we get eq (1) and applying Newton’s
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θ
mg

N

Fc

R
cos

θ

second law along the normal to the hemisphere we get eq (2).

mgR = mgR cos θ +
1

2
mv2 ⇒

mv2

R
= Fc = 2mg(1− cos θ) (1)

mv2

R
= Fc = mg cos θ −N (2)

When the boy loses contact with the hemisphere, normal force tends to zero. Let’s call the angle at which
this happens as the critical angle θc. We can combine eq (1) and (2) and set N=0 and θ = θc to obtain the
height (h) at which he leaves the hemisphere

2mg(1− cos θc) = mg cos θc ⇒ cos θc = 2/3 (3)

h = R cos θc ⇒ h = 2R/3

Solution The vine does not break. Use conservation of energy to
solve it.

T −mg =
mv2

r

mgh =
1

2
mv2 ⇒ mv2 = 2gh

T = mg
(

1 +
2h

r

)

= 688
(

1 +
2× 3.2

18

)

= 932.62 N (< 950 N)

Solution Am object slides from rest at the top of frictionless track of height H. What minimum value of
H will prevent the object from losing contact at the top of the semicircular track of radius R?

R

mg, N, Fc

H

Let the bottom of the circular track to be at zero potential energy.
Apply conservation of energy. If the object is NOT supposed to lose
contact at the top, we must require N > 0.

mgH = mg(2R) +
1

2
mv2

mv2

R
= Fc = mg +N

mv2

R
> mg (N > 0) ⇒ mv2 > mgR

⇒ (2mgH − 4mgR) > mgR H > 2.5R
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