
8.
(Rigid body in 3=D
Write plate 4 2 "

b u l  2 = 0

1/2

Iyy = Ixx =

S0 = 1 ?

f i n d  I  i twhen is rotates abont a diagonal:

i same direction co

T i  w i l ' a
2 4



3

>

Show i f coord, corneile with rods, they are
principal axes,. write down the netic
lensor

Try some y it the te on be so we lied

zm (b '+e3)

?similar for Jaz il I2z=2m(6°42')

similar Iyz, Izy Ixs, Iax = O

I :  2 m a ' t e ?
b ' t a

b e c a s e  t h . 3 , 3

d i a g o n a l .
m a t r i x ,  i e .

i ts concident with printipal
a x e s  /



1! F i n d  t h e  I  I t
KE

i f  8 : 3  w h e n  n o t .  a b o u t

ax 13 Op where i = Ca,be,) at speed aw

00 =w 21445467

2 m

2 2 7 5 + 2 2

9 (602+0*)

a ' t e '
a t l "

2  m r

a ' + 6 ' 1 6 '

T

9  ( 6 '  + 6 "

( a " +  b " )

m w ?

T =  I m w

la, b, c) = P



unitor block
@ Find I I  chu@ (0,0 .  0)

6 2 2 + 3 6 3 2 6 2 3  =  1 6 ' + e " .

?Iyy is eyelically sibilar to Ixx (exchaney (exchayey57,73%
er

I y y = 3
s i m i l a r l y  I 7 2 = 5 { 4 3 4 6 3

. similar for Iyz, Ixz

I I

s t u d e ,  s y n e  t r y
=> =0

5 1 c 2

a ' + à

0

a ' + 6



8 . 5  c m t )
+

them

=

T = E a u t

ñ = Or P=(ayb,c)

w e  s  i e i t  ( ? ?

b'te"
d'te'

9 (52+02)

wm b  ( a ' t e )
3Na'tb'té (63 +a')

r 9 0
( X 7 )  3 4 3 1 5

= w ' m
{a3(676) 45'(ate+c'(6ta)3

2.3(646*(24)

w ' h h

5(445423)
{9961+66+299}

(b)fororign @a
orneri Iax = Jy'terpds dy de

= Babe 813224 +8629267- 4554483

sihilanty Tuy i  m Is te ) ,  I 22 :  54554 )

T n g - j e y d i d g d s  ' f l , t l ' e l "LEnb:) 4249°2

sihi lawky for Tyzi-mbe t=-mac.
"(6'te's .at a c

I I i m "(a712) - be
- GC bc 4(a-16))

- m a b



.6 @Fnd II for
a triangle y  =  x  +b

4x+b

(4-6) 916
?  I v y  a

"y tatis the te it (646)

Ixy:-p Saydedy P. Saxy dydx

C a - 9 - 4 7 1 4 3 6 2 - 1 6 l 0 - 2 3 )

Ixy=- mab
-ab/2

I I  = m ab/s



(8.6 cont) Find principle axii (eizen eat at et

(plane)

7, 2 '

-  Xx-Iyy

7 =  t a n i= 1 L a b .
62-4*

- L a b

a 2 - 6 "

8.8 sher momental elpsid of lana regular poly 'e ipar.

it we tro 29T Radians ? Fyy

hoe 13 symetrizal (aprike. pet axis)

how if the laminal poly gon is mitoron
mass,  the cm. i3 coheidend wi th the
geometrie. comt.

T u r y  Z I about this can, now Jyy 3

t h e "balaned" I tother ZI yelds the same
ds the mitial condition, back to Tex,

ie, Ixx i Iyy one eyelical exchangable. I
over

s o  i n  x ' I x x  +  y o y  1 7 J a a e l  1 3  c y c l i c a l  i h  x ,  y e .



b a , !

So  i n i t i a l  axes  y i e l d ,  f i t s

* Ioxx
ISY

i t m

x  J o g y . !

2 = d

- ? - i

-oyy

x'Jaa. - X'Jay+ y'Iyy:!

If (12-x7) +87724:1

t e r  a  c i r c l e

so ellipsik
N A  "

let Izz =Ixx+Iyyb y  t = x 1 3

x-(Ixx) 1y"Tygt2'Jz2=1

9 = b

citeular in x, y place,

KOTWERICKSE

PHY32I00
8.1-6,8

De 2, 131

Excellent work
l e t  z=0  l o  exam in  a  p l ane

x * ( 1 2 z - I u y )  + 3 I y 7  = 1

section



88) An a-gon is composed of a triangles, each with

ytwo sides of length a and angle between them ZI

Take I I plane of lamine, x dong a side

of a triangle, as shown.

There will be Is trangles for y so and me for ye o

?  I x y = 0 . So we have principal axes.

Iza = Ixx at Iyy

The n-gon has an n-fold axis of symmetry clong t
So if we rotate axes by LTk, Ix's = Ixx and Iyrge? Ing.

? Momental ellipsoid has an n- fild axis of symmetry

aling. =. sque a depre i let one in to fle sis it 123

Ion our axes the momentel ellipsoid is given by

x'Ixx + yIyy +7°Izz = 1.

7T F=1

We can rotate axes by O= 2il by the orthogoned transformation

Ain d lace p. 19 of text.) "

I S T E  = 1
FT = FITS

since we astat ing diout  an

n-jild axis of symmetry.



(8.8 continued)

=
I y y s i n  oc o s t

Ixx  cos t  - I , , s ino
Iyy smo Iyy cord

I2z.

I ST
Iyy sint

-Ixx sint

Iyy coat

= Inx cos'B+ Iyy sin'G+ (Iyy-Ixx) sinG cos G
(Iyy-Ix) sinO cos o Ixy sinG + Iyy conG

Izz

I'=I? (Iyy-Ixn) sid Cost = 0

? Ixx =Iyyor sin @CosG = EsinzE = 0

if 20 fmr, then Is Is and the stipsond
is one of revolution.

B u t 2T R k =1,..,n.

2 0  =  4 k . T
n

n ?3. i f  n = 3 ,  k = 1  ?  I x x = I

if n=4 we hive a square and

Ixx=Iyy buy symmetry.

if 2>4 but not a multiple if 4, 20÷IT
for some symmetry rotations.

if a is a multiple of 4, the four questents
have identical mass districtions, to
Ixx= Iyy by symmetig.

i: Is Is for all negons, 223. ? Vienental
lipsid is me of revolution

. ? . .



8.10,
oy show i, = const. but wet const

arbitray laliha we need  to  show
rotates who torque

== const

a r = c a u s t .
or  i t ' s  de r i va t i ve  =  o

wix
wy Wx

From Enter  eq '
o r g r e ,

No: Ix is t my we (Ix-Iy) = 0

putti ly in It IxtIy

Ix wix thy wa Ix to

Ny eg, 7

i n  t o  t he  NX

d i v i d e

o r

Wy i we hy

=-Wy
wy

No: = In is +W. lly (Iy-Ix) =0
for Ty 7 Tx

- not court
not a paripel ? wat const

unless Iy=Iy then In We tO It Wa-const

precession



8.11 S o w  a b o u t  i
-  1  cosx

Find period of precessio

Thin plate.
e period

50

R a b a t  I

1 = 20 = 20!

= 0 /4

FriteI s t e I s :%

{ 5 } '

T r  =  2 2 24_

T=? -25

3 0
64 - 30 2a52 5X 34aT

15w
$64- 37

4046-900 - 200



8.13 Find the angle

X  -  C

between it I I for two cases in t

5 , 4 7

x = 4 5 °

x = 4 5 ° t a n

- (

t a n

45° -  tan (e l

('32).
= 45 - tan

16.4

11.02

_ i t C
*  =  4 5 °  - t a n

4 = 4 5 0 - t a n



No Torques

them

potatoe

i t  w I l k  a n d

inx

displaud al i t t le, Aw
small

PADMASTERO

8 . 1 5

Demonstrate the intermediate axis theom

l e t  I x  » I y  > I
C Eulers

-Imiddle

Ibig

- Ismell

stable
Cay wat
change

drastically,

w x =

= -(Wo 7 Du a)(WxT Aux) Ib - Big
- small

instable.
=

(sh cell)
please are the key



8.15) Euler's equationa for zero torque:

I: is: +W;W, (Ix-Ij1=0

(Ix = Ix*, Iy = Iyy, Iz= Ize)

(ijk) = cylie permutation
of (xy ?)

. I ;

Hree solutions to these equations are

W; = constent, w; =Wh= 0.

Do examine stility, assume we are very close to ore

of these solutions, so WiE Wit Ei, WjEEj, Wa=Er.
The e's are small, so we can neglect &' terms.

To simplicity of notation take i jk = xyz now.

Solve the last equation for Ey:
ci. (Iy -I,)

=  -  I s  E R
wa. (I,- I,)

? E2 = Ez WI (I, -],) (Ix -Iz)
Iy Is

and, similarly, Ey =Cy W; (I, (I,-I.) (I,-Ia)

So Ey and Ey are suljet to a livie restoring firee producing
stability if (Iy-T,) (Jx-Iz) < 0.

:: Stable if Ix is gratist on smilest pinniple insant f
init ies it I, is isten tie dian tir.



8,16.

meteor

space platform

Awy max

So dwy =f

sin Xmax=

Find resulting motion atter the
I netear strikes platfor

by conseration. darpila mone

Ny ErF= dL
durity. At :

Ny = Iny
=af = a fat w. de: aP

I

aF dt Ely = aFAE = 9
I

PADMASTER®

we assume sain remains the same

t presses about a by : (13149054

11-wy st" ''É"At"

e precss about a fired iverticle aris (ille

my = (173452) 2 W14301 41909)',

please see the key



8. 16) I=-Pag if the impulse is impertid on
the x-axis at ai.

sven P

4 2  = [

Initial = I cite

? I'initar = mwa fe

02 wie = (8)

inuinelintly ifte
inquise

Subsequent motion is torque free.

? INx + Wyliz (I-I) =0

Ily + Wig hi, (I- I,) =0
Is is a = 0

i n  t i b r i t e  i r t s .

W a =  c o n s t .  =  w .

R  =  W

Wx = +4P s i n s t  = + ma- sin cot
??

W y  = - 4 p c o s t  = -  4 P?? ma cos wt

t an  x  =4P
maw

i n ' i



diam = 1a

8.21,
vo? to Keep the pencil

upr ight?
pencilspins in upright position

0=0w e  l e t  u z i T

stability; Spin > 4Imglg)

(62)"
64

f o r

>

=  2 0 b= 1.

close

5 + 128(201980)(-287) %see

5> 17x10 rpm



PHYSICS 321 TARE-HOT TP. 07J17 Oct. 18, 2181 OLt 19,81

578-13-8195
True: 1 : 1 0  p o l e ,O c t . 1 9

Open  book  -  you  may  use  you r  tex t ,  no tes ,  and  p roh len  so lu t i ons .
You may also use macht a b l e s . Y o u  m a y  n o t  u s e  a n y
o the r  books  o r  consu l t  w i th  anyone  excep t  D i .  Evenson .

( 7 0 )  1 . A  h u g  w a l k s  w i t h  c o n s t a n t  s p e e d  o u t w a r d  f r o m  t h e  c e n t e r
a l o n g  a  r a d i u s  o f  a  p h o n o g r a p h  r e c o r d  w h i c h  i s  t u r n i n g
w i t h  c o n s t a n t  a n g u l a r  v e l o c i t y  u . T h e  c o e f f i c l e n t  o f
f r i c t i o n  b e t w e e n  b u g  a n d  r e c o r d  i s  l .  A t  w h a t  r a d i u s

t h e  f r i c t i o n  f o r c e  f i r e t  f a i l  t o  s u p p l y  t h e  n e e d e
c e n t r i p e t a l  a c c e l e r a t i o n ?  N o  t h i s  f r o b l e m  i n  a  c o o r d i n a t e

s y s t e m  f i x e d  t o  t h e  r e c o r d .

F = rêr
F= rê, troêo

F=  iê r .
ò =0 W= wk

Ao= 0

1-7-618-240128 to + WAN

R = Zure-w'rêr

o r


