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Solution Reference frame: î: up the incline. Free body diagram consists of essentially three forces acting
on the block. It’s weight, normal force and the tension in the cord. For parts (a, b) we know it’s not moving,
therefore #»a = 0. When the cord is cut, it accelerates down the incline (T = 0).

(T −mg sin θ) î+ (N −mg cos θ) ĵ = 0

⇒ T = mg sin θ = (8.5 kg)(9.8m/s2)(sin 30°) ≈ 42N

⇒ N = mg cos θ = (8.5 kg)(9.8m/s2)(cos 30°) ≈ 72N

−mg sin θ î = −ma î

⇒ a = g sin θ = (9.8m/s2)(sin 30°) ≈ 4.9m/s2
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Solution

m =
W

g
=

449N

9.8m/s2
= 45.82 kg ; (T −mg) ĵ = −(ma) ĵ ⇒ a =

(mg − T )

m
=

(449− 387)N

45.82 kg
≈ 1.4m/s2

v = at; h =
1

2
at2 =

1

2
a
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a
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⇒ v =
√
2ah =

√
2 · 1.35 · 6.1 = 4.1m/s
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Solution When the ballast is thrown out, the downward force (weight) reduces and the balloon starts to
accelerate upward. Let a mass “m” be thrown out. The free body diagrams before and after are shown.
The tension in the ropes will remain the same since the upward force (lift) does not change - ie they are
burning fuel (to generate hot air) at the same rate. Write down the equations of motion and solve for m (by
eliminating T).

{Mg − T} ĵ = Ma ĵ

{T − (M −m)g} ĵ = (M −m)a ĵ

m =
2Ma
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Solution Free body diagrams are shown above. Acceleration of the system is a (all bodies move with the
same acceleration).

T1 = m1a T2 − T1 = m2a T3 − T2 = m3a

⇒ T2 = m1a+m2a T3 = (m1 +m2 +m3)a ⇒ a =
65N

(12 + 24 + 31) kg
= 0.970m/s2

⇒ T1 = (12 kg)(0.970m/s2) = 11.64N T2 = (12 + 24) kg (0.970m/s2) = 34.93N
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