RECITATION 10

Ch. 11



*5 1w A 1000 kg car has four 10 kg wheels. When the car 1s mov-
ing, what fraction of its total kinetic energy 1s due to rotation of the
wheels about their axles? Assume that the wheels have the same
rotational inertia as uniform disks of the same mass and size. Why
do you not need to know the radius of the wheels?

For the wheels,

1 1 V2
Krot — 4 (EI(U2> =2 (EmR2> (E) — mvz.

For the car,
K = 1M 2
K ot mu? m 10 kg

= 0.020.

Ko+ K mv2+Mv2/2 m+M/2 10kg+ 1000 kg/2



7 1w In Fig. 11-31, a solic
cvlinder of radius 10 cm and
mass 12 kg starts from rest anc
rolls without slipping a distance
L = 6.0 m down a roof that 1s in-
clined at the angle @ = 30°.
(a) What 1s the angular speed of
the cylinder about its center as it
leaves the roof? (b) The roof’s
edge 1s at height / = 5.0 m. How
far horizontally from the roof’s
edge does the cylinder hit the
level ground?




gsing  (985z)sin30°
Acomx = — Icom — = 1 ] = —6.92 S_2
MR?
a Ax 2a Ax
Substituting gives,
2(—6.92 ms?)(—6.0 m
W =0+ 2 ) ) — 3920 rad?/s2.

(0.10 m)*
w = 63 rad/s.



b) We first find the time when the cylinder hits the ground.

0—H = t L t2
= Vpy Zg.

With vy, = vsin 210° = wr sin 210° = —3.13 m/s. Solving for ¢

gives that t = 0.740 s. To find the horizontal distance travelled, we
write

X — X9 = Vot = (wr cos210°)t = —4.0 m.

The horizontal distance travelled is thus 4.0 m.



**11 In Fig. 11-34, a constant hor-
izontal force F,,, of magnitude 10
N 1s applied to a wheel of mass 10

kg and radius 0.30 m. The wheel
rolls smoothly on the horizontal
surface, and the acceleration of its
center of mass has magnitude
0.60 m/s. (a) In unit-vector nota-
tion, what 1s the frictional force on
the wheel? (b) What 1s the rotational inertia of the wheel about the
rotation axis through its center of mass?

e

app




b)

Fretx = Fapp — fs = Macomx

m
fs = Eypp — Macomx = 10 N — (10 kg) (0.60 s_z) = 4.0 N.

Tnet = T'fs = Icom@
rfe  r’fs  (0.30m)*(4.0 N)

= 0.60 kg - m?.
a acom,x 0.60822




*51 SSM ILW A wheel 1s rotating freely at angular speed 800
rev/min on a shaft whose rotational 1nertia i1s negligible. A second
wheel, initially at rest and with twice the rotational inertia of the
first, 1s suddenly coupled to the same shaft. (a) What 1s the angular
speed of the resultant combination of the shaft and two wheels?
(b) What fraction of the original rotational kinetic energy is lost?

a)
Lo = Lw,
[; wq I; w4 1 800 rev/min _
Wy, = 2 = I+ 21, = §a)1 = 3 = 267 rev/min.

& 1 1 W\ ?

K, 7 w3 261 (3)

1l——=1- 1-— 1—==10.667.
K, 1, > 1, 2



«53 @ A uniform thin rod of AXis

length 0.500 m and mass 4.00 kg can \

rotate 1n a horizontal plane about a

vertical axis through 1ts center. The 0

rod 1s at rest when a 3.00 g bullet

traveling in the rotation plane 1s fired

into one end of the rod. As viewed

from above, the bullet’s path makes angle 8 = 60.0° with the rod (Fig.
11-50). If the bullet lodges 1n the rod and the angular velocity of the
rod 1s 10 rad/s immediately after the collision, what 1s the bullet’s

speed just before impact?




Zi — Zf.
—rmvsing + 0 = wslp,y
1 L\’
Iysr = lroa + foue = 5 MI2 + 1 (>

12 2
2
1 0.500 m

=5 (4.00 kg)(0.500 m)? + (3.00 x 1073 kg) ( 7 >
= 0.0852kg - m?.

Wrlpr (—10rad/s)(0.0852kg - m?)

VT msing  (0.500 m
rmsin —( = ) (3.00 x 103 kg) sin 60.0°

m
= 1310—.
S



