220A Solutions

Assignment 13

10-52. The grinding wheel has a moment of inertia of
| = SMR2=3 2.8 kg-(0.18 md = 4.54 x 162 kg n?.

The angular velocityop = 1500 rev/min(1 min/60 s)({Rrad/1 rev) = 157
rad/s

(a) The angular momentum is
L = lw = (4.54 x 162 kg n?)-157 rad/s
= 7.1 kg n#/s

(b) The torque, given the angular acceleration comes from Newton's 2nd
law

We can gett from w = wp + at, because we know the elapsed time
W = wp + at,
0 =157 rad/s H1-7 s,
= - 157 rad/s/7 s = - 22.4 rad/s
So the torque is
T=la= 4.54x 1062 kg m2.(-22.4 rad/8) = - 0.509 kg rd/s?
=-1.0 Nm.

10-61. The kinetic energy is given by
1
K= 5l w2

w = (10,000 rev/min)(1 min/60 s)(Prad/rev) = 1.05 x 1Prad/s



K= 31 02= 3 (425 x 102 kg m?)(1.05 x 16 rad/sf = 2.34 x 16 J.

Nl

This would be the minimum energy required; any frictional losses would
cost extra.

10-62. Power is given by
P=tw
® = (4000 rev/min)(1 min/60 s)tRrad/rev) = 4.19 x 1Drad/s.
P =280 Nm-4.19 x Brad/s = 1.17 x 1®Nm/s = 1.17 x 18W.
In horsepower,
P=1.17 x 16 W(1 hp/746 W) = 157 hp,
using the conversion on the inside front cover of the text.
10-71. Use the theorem that the total kinetic energy is equal to the kinetic

energy due to rotation about the center-of-mass (CM) plus the kinetic
energy of translation,
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where | is the moment of inertia about the CM and v is the speed of the

CM. For a sphere, | :%MRZ. Since the ball rolls without slippingy =
v/IR. therefore, the kinetic energy becomes

K= ggl\/IRZ(v/R)Z+ Mv2—10Mv2
= [57.3kg- (53 m/D=1.4x 1@ J.

11-10. r = 4m +8mj+6mk andF = 16N -4Nk.. The torque is defined to
be

T=rXx F =

= (4mi +8mj+6mk )x (16N -4Nk) (1)



There are 6 terms in eq 1. The two that invalxe andk x k are zero,
leaving the following four terms

T =4mi X (-4Nk) + 8nj x (16Ni) + 8mj x (-4Nk) + 6k x (16Ni)

T=-16 Nm({x k) + 128 Nm| x i) - 32 Nm{ x k) + 96 Nmk x i)

T=-16 Nm(-j) + 128 Nm(k) - 32Nmi) + 96 Nmj.
This last step results from applying the cyclic rules for vector
multiplication on unit vectors. The vector produetk = -j, for
example, becausex k is out of cyclic order.

T=+16 Nm - 128 Nnk - 32 Nm + 96 Nnj
=-32Nm + 112 Nn) - 128 Nnk.

11-14. r =ix +jy +kz andp =ipx + jpy + kKpz. The angular momentum
Is defined to be

I =r xp.
Therefore,
I'=(ix +]y +kz) x (ipx +]py + kpz) (1)
There are 9 terms in eq 1, three of which are zero because they are cross

products of uunit vectors with themselves. The remaining 6 terms are as
follows:

(ix) x (py) = +kxpy
(ix) x (kpz) = - jxpz
(y) x (ipx) = - kypx
(y) x (kpz) = +iypz
(kz) x (ipx) = +]zpx
(kz) x (py) = -izpy

Thus the angular momentum of the particle is

| =i(ypz - zpy) +j(zpx - XPz) + K(Xpy - YPx).



Problem D. When we turn a bicycle to the left, this involves a twisting
action that would drive a right-hand screw out of the shaft holding the
handle bars upward.

When we turn a car to the left, this involves a twisting action that would
drive a right-hand screw out of the steering wheel shaft back towards the
driver. If the steering wheel were perfectly vertical, like in some trucks,
the torque would be directed straight back. In most cars, the torque would
be to the back inclined somewhat upward.

11-21.

axis

We need the moment of inertial about the axis. First, let us get the moment

of inertia of the rod. About its CM, | rl%MI 2, Apply the parallel axis
theorem using the distance to the CM of d/2

lrod = 1M1 24M(1 /22= M1 2.

This result is already available in most tables.

The moment of inertia of the particles at distancdg®,2 /3, andl,
respectively is

Tmixi2 = m[0 + ( /3)2+ (2 132+ (1 )2] = g ml 2.

THe moment of inertia of the whole thing is

= (3M+ g m)l2

(a) The kinetic energy



1,1 14
K=51w2=5(3M+7g m)l2w2
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(a) The angular momentum

L:Ioo:(%M +1§4m)l2w-

11-23. We take the axis along the axel of the pulley.
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The angular momentum of the pulley is L@ directed out of the page.
The angular momentum of the mass is mv&tso out of the page. Thus

L=1lw+ mvRy
= lv/IRgp + mvRy
where we have inserted the fact thet v/Rg. The Earth exerts a torque

on the system of 2 particles of mgR&nd friction exerts tf.yielding a
total oft = mgRy - tr. Thus, the 2nd law says

T= 4t L
mgRo - Thr = ot (VIR0 + mvRo] = a(l/Ro + mRY),

employing a :(?t v. Therefore,



a= (mgR - tfr) /(I/Ro + mRo)
= (15 N-0.33 m4.10N) /(0.385kg-m/0.33 m)+ 0.33 m-1.53 kg)]
= 2.30 m/8.
11-25. (a) Judging from Figure 11-25; khoves with its CM a distance y

= R above the origin. Malso moves with its CM a distance x = R to the
left of the origin.
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The angular momentum of the pulley ¢s, Idirected out of the page
(CCW). The angular moment ofiMs RMyv, also out of the page. To see
this, draw the position vector of vand its momentum.
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The angular momentum rsx p. Rotate r until it is along p. This requires
a CCW rotation; i.e., the angular moment of g out of the page.

The angular moment of Ms RMpv, also out of the page. Draw a figure to
convince yourself of this. After you have some experience, you can tell at



a glance the direction of the angular momentum of a particle moving in a
straight line. The position and momentum of a particle is shown at two

b, o

times. The angular moment of this particle is same at both times having
magnitude bp, where b is the so-called impact parameter. When the
particle is above the origin, it is clear that its sense of "rotation" is CCW.
You can imagine the flight of any particle as it passes the origin and get the
direction of its angular momentum from that.
Add the angular momenta, using CCW as positive

L = lw+ RM1v + RMyv
Presumably, the string does not slip on the pulleyy sov/R, thus

L = IV/R + RM1v + RMyv = (I/R +RM1 +RM2)v.

(b) The external force on the system of three objects is the weight; of M
l.e., Mpg. Thus the externall torque about the origin is

1= M2gR,
out of the page (CCW). The 2nd law is
T -4 - g(I/R +RM1 +RM2)v = (I/R +RM1 +RM )g =
Tdt- T dt 1 2NV = 1 2)dt” ~
1= (I/IR +RM1 +RMp)a
a =1/(I/R +RM1 +RM>) = MagR/(I/R +RMi +RM2).

11-36. We assume that the pivot is frictionless thusly exerting no torque
on the stick. On the system of bullet + stick there is no external torque.



v =250 m/s v' =160 m/s
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Thus, angular momentum is conserved about the pivot. the angular
momentum before the collision is mvb where the impact paramdidr is
where L is the length of the stick.

L =mvi/4

After the collision, the bullet has angular momentum mv'L/4 and the stick
1
lw, where | =15 ML2, so

L' = mvi/4 + 15 MI2o
Thus,
1
mvl/4 = mvl/4 + 15 MI2w
, 1
(v - vim/d = 15 MI2w

(250 m/s - 160 m/s)(3 x 18kg)/4
%20.3 kg-1m

w=(v- v')m/4;%2 Ml = = 2.7 rad/s.

11-37. There is no external torque on the meteor-Earth system.



The angular momentum is therfore the same before and after the collision.
The impact parameter of the meteor gdds 45, so the angular
momentum of the meteor is myRos 45

Lbefore= MVRe COS 45 + [garth
After the collision, the angular momentum of the Earth-meteor system is
the angular momentum of the Earthgdsth Since the mass of the meteor
Is negligible compared with that of the Earth.

L'Earth= MVRe COS 45 + Igarth

L'Earth- LEarth= mVRe cos 45

The angular momentum of the Earth gg ko wherew is the angular
velocity of the Earth, so

l[Eart{W' - W) = MVRe: cos 45
(W' - W) = MVRe cos 45/Earth= MVRe cos 45/% MEartiRe?

= mvV COS 45% MEartHRe

(7 x 1010 kg)(10* m/s)cos 45
25.98 x 1@4kg-6.38 x 16 m

= 3.2 x 1617 rad/s.



The Earth's rotational velocity ist2ad/24 hr(1 hr/3600 s) = 7.27 x-20
rad/s. Thus the fractional change in angular velocity is

3.2 x 1017 rad/s/7.27 x 1® rad/s = 4.4 x 133 which is utterly negligible.



