
Answers to Sample Test for Unit V
Potentially useful equations:

ωf = ωi + α(∆t) vt = rω Krot = 1
2
Iω2

∑

Fc = Fnet,c = mac

∆θ = ωi(∆t) + 1
2
α(∆t)2 ~L = I~ω Wnet = Kf,tot − Ki,tot

∑

Ft = mat

τ = F⊥r (= Fr sin θ)
∑

~τ = I~α I = mr2 (point mass) FG = Gm1m2
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f = ω2

i + 2α(∆θ) ac = v2

r
Klin = 1

2
mv2 ∆θ = 1

2
(ωi + ωf )∆t

Longer Answers:

1. (a) Starting fromωf = ωi + α(∆t),

α =
ωf − ωi

∆t

α = 3 rad/s2

(b) With ∆t = 6 s, use∆θ = ωi(∆t) + 1
2
α(∆t)2 to find that∆θ = 114 rad.

2. When rolling without slipping, the linear velocity and angular velocity are related byvt =
rω. The radius of the wheel is

r =
27 in

2
×

2.54 × 10−2 m

1 in
= 0.343 m

Soω = vt/r = 43.7 rad/s (vt = 15 m/s).

3. We need to haveac = 9800 m/s2 andr = 0.09 m, and we know thatac = v2/r = ω2r (from
vt = rω).

ac = ω2r

ω =

√

ac

r

ω = 330 rad/s = 3150 rev/min

4. (a) Consider the mass of the stick to be concentrated at the50 cm mark and balance the two
torques: from the weight of the stickτstick (clockwise) and from the weight of the loadτL

(counter-clockwise). The torque equilibrium condition is
∑

τ = 0

τstick − τL = 0

τstick = τL

(0.27 kg)(9.8 m)(0.20 m) sin 90◦ = m(9.8 m)(0.30 m) sin 90◦

m = 0.180 kg or 180 g

(b) By balancing forces (Fnet,y = 0), FT = mstickg + mLg = 4.4 N.



5. (a)Itot = I1+I2+I3, whereI1 = m1r
2
1, etc.Itot = (11.25+1.28+8.67) kg m2 = 21.2 kg m2

(Note that the right-most mass is 1.7 m from the axis!)

(b) The torque isτ = (100 N)(1.5 m) sin 30◦ = 75 N m, soα = 3.5 rad/s2 (from τ = Iα)

6. Ii = (2 kg)(2 m)2 + (2 kg)(2 m)2 = 16 kg m2, and likewise find thatIf = 4 kg m2. From
conservation of momentum,Ifωf = Iiωi, andωi = 5 m/s, soωf = 20 rad/s.

7. See the answer to the handout problem (number 4 in set 3), which has identical procedure.
The only real differences are the incline angle and length and the moment of inertia.

vf =

√

4gh

3
=

√

4(9.8 m/s2)(0.97 m)

3
= 3.6 m/s


