
chp? Rigid Bodies- Planar Wotion/ The book
det. cm,.

00
169/2 as concatrate

mags at that
joint.

The book aso brings out that the monals of
a rigid body =o abont the em.
I' l l  seck an 'A '  s o that Emonats=0

m ( 0 . 0 ) z u

r  7
(m)(ZE+A) = (§-A) 2m

(26+4) = (2-A) 2
3A = at 2a2

A  =  + 2 7 = 9 ( 1 + 7 )
from origin

From ne tex:

TZ+4-2+9+7-9+19

W A I t  I t  J u s t  d o w n e d  i n

m e t h a t  t h e y  w a n t

t h i s  K i n d  t i g e
see back

case



c o n t

J e m  =
y dA

1 dA
=

o  y e n  :
/cax) 2x(a2xdx)

1(48)2
12x a2x dx

=

> z = 6

z = a y
-  y

using eglindrizal shells

pa's 24011-9164
= a

pylb-ay'ldy

By symmetry
be on y axis:

c h ,  w i l l

( a x )  2 x d y ]
bu y=ax?

dy iazxa ix

1 2 x d y

65%

551.

= == 5 =

3

Again symmety says
cm, mill be on taxi axi3,

dV=dy 2ty (b-ay?)

(g3b-ays)dy = a

(ub-ay") dy



CM

7.2

CM

z=ay andy

= d z

Zem=
=

3

4

li'd spher
"roadies"

"' spherial canty of radins"6"

By symachs the com, will
be on z axis,

=

Zem = z dm =
M

Big Little

(zdm -zam

moza

7 cm : Mp-m.c)

= p-4,6°C
67 I (43-63)

- b

a3-63
= Ze'm



1?30 Find moment of netic about axis d symnety.

I-Z, Ram: ?I,=
+I3-(7)12-37

xdx:-ydy

? I, +I, +I,: Ema" + am

xi dx*

see back of page 2



7.30

1.1()

a t  g r a n

9

9

[=3(2)

I t  =  t  mag

moments

=

I m y

I m

(golly how simple )

23(5) + 1(0)
m

No  con t r i bu t i on  bem,  on  z



g :  a x "

dI = 4x32xpdy but dys alidy

'  a  bar

I :  3m3

p=
15/2Ein arr

dI= I dm yz

Iya tyrp Zaydy
0

= ??? b%/a3

m a I

= ??? yody;

b u t  p r

Tay gy2y)

4  m
a?

Ty y" Zaydy

Tib'la?

2?9 11



7.41

l e t

b u t

3
dI= dmi"

dm= (4-4x(25x)dxp

T px(4-34)25817

p2Th (x'de-2thp fdx

= 2 h p a  l t t ,  2 9 6 6 "  -  T h a i s

p =  m : m I=3Tha"m)= 3ma?
ToTanh 10 ta'h

Find theEessent Finetig for pu b 7.2,
b I: Isphee - Initle

? Ieittle i t'e "'Emb'

?In= EMa Ix: Je-T,=(zMa=zm6")

I =EMA-{M-ulI Z6?
_wihoke- wlo hole

shemole
M = M - m

= Vs-Ve
Vis

= 1 - V
Vis

z  u a ( t / 2 ) - M . -1- 5%.

I  = a3-b3{5(4569)
Ml: total mass

present.



Octant

of sphere

dm.=pdV

d u d a d y d z
= hihch, du, dn, du3

=rashedrdode

I = R'dM

? /  ?

=  1

' (- 20-4-20140) '

1/2227,0499

pleace see the bly



6) I cele y wire hangs from peg. About to slips, ye.x'ty2=a2
d y

Find Mstatic a glometry IX =
x

10 slope cuta = tanß

a n d  i o

S I n a

susd eusp- sine sinß= o

cos (a+p) =0

t a -  a

Now by law of siber

s i n t  =  s i n ( I - o )
4

? So much for

2  s , t 0

8= sin' (#sind)

math. Newton's Law now...

a t

Ff = Nu = mg cost u

limiting equilibrit
F f  = T

Mmy sost = my sing
or

t a n d  = M

tan (si" (7 sno)) = M

*s int

Vi- # sin'o

good job. Key it up!



7. 9. Prove that if EFi=o (rams equlio)
and Srixedo (Rot. eputie) about

0 then its innate eq about o'

207 09. 0020 XEna 2à

P i x  +  8 7 ( 5 1 )  = 0
b n t

1  f o m  O

tysical pendulum
- F - m a

b y  l a t e ? .

USAYT=2T0H

we get
7 . 1 7 .

1 . 2 1

n a u  n e e  d
a i r  t h e s e n

I  -  m a t

Tao TorTy for lamina
band bag spermating Ip-ty

ma": 2.1.

Io-ma", ma
T - 2 7 ( l ) 1  1 2 0 9 1 1 .



7 , 1 3

T Y T

What is the acceleration of the cuter of the

yo-yo

Ving

Now N=aT
O T -mg =my

N = dI
d t

L = I a m w

No stipping says

=  I c m  y
a ?

b e c o m e s

o r ' =  - g

7.14 i ashow that the pie and i indig f
? Torgue: Nem=Ez

- 50 F =

(b) Acceleratin: IN=! ing
I came is

S u 9 =



6

7 . 1 9

Long uniform rad starts to fall over.

my cas Find En and Fra reachon of the flor
as tunctions at O.

FF

eg. of motion: O mi=-mgsind +Ff

@becores. aftersx1510,552-605

N o w  t ó  q u e : 3

c n

s o  g  =  6 5 0  g
2  l

how
@  S e c o n e s

-vertick i

EN =  m18  c00 t  Anges  o

F-=-m g 100011-351401

4mg (3c058-1)2

h o r i z a t c h  u s e  # l e s .

was to find o
when slipping starts.

(?) ? mussing 37mg Sint (30058-2) please ne to



7.19)
x (a) While the rod is not stipping, it retetes clout

omg

T I ' É T Y

the fixed print on the floor as a fixid axis, and
f< uFN.

When Ifl= M Fn; the nod legins to sip. Elen
f=u Fo frim that pront in.

White the nod is nat stipping

Take tinque deut axis if rotation:

N =  m g  E s n t  " =  I i  = I Ë

I  = mi?

= ö = Isin E

To git the riaction jerces, we use IF= main!

EF= (fsint t Fu cis f-mys el ê, +(fes8- Furmt

emgrme) ée

= ( r - r ê " ) é ,  + ( r ê + z r è ) ê e

r  = ?  r  = r  =  0

? fsint t FncosE -mgcrs6 =-al 6"

fcos O-Fu riaf I mij sinf = mé ë = Emg sins

Je get t, we tike ä= dé =¿dé
e

d (263) =

( 1 )

I  ( 2 E )

*sin@ dt

I 6 = - 9 9 0 6 + 3 5 (same risuit ,com
consitation of ionng)

( )



(7.14 contrared)

( 2 )  :

fcost-Fu sind = =my sin o

mg (50058-3)

=  f  =

? f= 4mg sino (9 cost-6)

- (1) x sin O + (2) x cost ? Fr = EmgsinO + Emg cs6-Emgc.a6

? Fu = 4mg + Imgcos'@ -&mgist

=7mg (903'0-tcose+1)

? Fu = 4mg (3 cs@-1)3

(b) The rod begins to slip inter IflIp Fo

? 13sint (36006-2)) = 1(30008-1)3

It will slip te lift in my baving if costrE at



1 . 2 1
Kick a ball

up
ramp.ng

m g

vor - 100% sliding100% rolling

F i n d  x l t )
Ex when pure rollin

4 assume u.>E t a m o

mx =-Ff= mgsind
mry =Ex-my cost

F f = M N

?=0 ? FN= mgco,

w = a u m g a o s o
I

I :  ended

= august
k=integrate

*=-ug (u (030+sino) + +V.

Wki
angcosg

= i - V .
-mg (409 +s0)

T i t u t  + 7

aw + V .  = x for pure col l id:
x =  a w

x = a w t t x o
aw(8) +V= aw

vo= aw (1-8)

unfinished

200X=
sind + 6ucsO

(asing + 7p cost)}



7.21) x buntial speed v..

mg u> = tano.

Let t be aking the incline, positive uperards.

IF = maca

fince f=ungest prior to nelling without ripping.

(x ,  = 0)

Rolling begins (without sliping) whimx = w a .

N = a f  =  I w

=  = 5

w . = 0 = i  = 5  u g i s E t .

So pure rolling begins thin t is green by
wa =Vo-g (sO tu(2)t =*

wa =  *

~ .
?  t  =

? x = o Coint 35067572 I into est) -

g (sing + In cost)} 8 (ant +7.11038)



b.25

Po

Two uniform rods joined experience an impulsive fore
Find initial motion

Ven, =

w ,  =

Dimpulse

(P. +P)

Vis = Ven, Tw,

_3P

2ml

- -8/4m

-gê
zmlI

vertical or horizontal

Now me solve these

for  var iab les !
method ok but unfinished

Please are the key



7.25) P
Is for each rod =it me?

intral
Le t  t "ve lo i ty  o f  am prod AB,

B

I so la te  rods :

B C ,

id, = "Angular velrity of rod AB acout ato em,

W .  = " ?  '  B C

Positue direction of Tes is to right, 4w; is int
of paper.

B, =R
è reprecents impulse 7 rod AB on

nod BC and the recatin

impulse.

conceration of momentum: mi,?tE
conseruction of angeler momentum: ( + 2)1 =mlww.,

since the rods are joined at 8,

t 3  =  N +  , = N 2 - W 2 .

?  P+R2 +  3(2-8) - = = - 4 ê

-20 + 4R
? ^ = 7%

-

w .
2 m l

3 7

2 m f

=  -


