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PROBLEM N9/ 1 , ' ' i

Two d isks  o f  the  same,mater ia l  a re  a t tached to  a  shaf t  as  shown.  D isk  A  is
o f  rad ius  r  and  has  a  th i ckness  3b , 'wh i le  d isk  B  i s  o f  rad ius  n r  and  th ickness '
b .  A  coup le  M o f  cons tan t  magn i tude is  app l ied  when the  sys tem' is  a t  res t  and
. is removed af ter  the system has.executed two revolut ions.  'Detel"mjne the value
0f  n  wh ich  resu l ts  in  the  la rges t . f ina l  speed fo r  a  po in t  on  the  r im s f ,  d isk  B .
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PROBLEM N9 /2DY NAM I CS

d jsk  o f  con i tan t  th ickness  and in i t ia ' l1y  a t  res t  t t  o laced in
be l t , .wh ich  mgves w i th  a  consEant  ve loc i tJ  Y .  Denot ing  by / t
i i i i i i on  be tween the :d isk  and the  be l t ,  dbr . i ve  an  express ion
revolut ions ehecuted.by' the disk before i t  reacl l 'es a constant

,  The only force doi  ng work i  s
F .  S i 'nce  i  t ' s  moment  about
A i  s [vf =. rF, we have.

contact wi th
the coef f i  c i  ent .
for  the number
angu la r  ve loc i tY .
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DYNAM I CS

A cord ' is  wrapped around a cy l inder  o f  rad ius r  and mass m
cyl inder is released from rest,  determine the ve' locity of'cy i inder  a f ter  i t  has moved through a d is tance h.

PROBLEM N9/3

as  shown.  I f
the center of

the
the

KI NEMATI CS

16
.J T-

S'i nce

o

Va = 0, vve have V = rW W=I .
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o
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mgh =

twz =
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t nuz
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Ez+ fi
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tWZ 
= mgh

r*r '

vz = {
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A un i fo rm rod  o f  l eng th '1  i s  p ivo ted  abou t  a  po in t  C . loca ted .a t  a  d is tance
b f rom i ts  center  G.  The rod  is  re leased f rom res t .  in  a  hor izon ta ' l  pos ' i t ion .
Determine (a )  t f re  d is tance.b  so  tha t  the  angu lar  ve . loc i ty .o f  the .  rod  as  i t

Rota t ion  about  C:  V
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DYNAMI CS

The uni  form rods AB
sys tem is  re leased
ve loc i ty  o f  rod  BC

L I
= - t

a \I to.5)(.zt lBc)

of  mass  4 .5  and  1 .5
the  pos i t i on  shown,
through a ver t ica l

PROBLEM N9/5

note that  VA and VB
AB ' i  s  in ' t rans la t ion ,

and BC are
from rest i  n
as  i  t  passes

,{.St t,5t

Dg'
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Ez =+ MRsuort + I gcwsc

In  pos i t i on

are  para l  I  e l
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tLz
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ConserJ,at ion of  Energv

E1 + 
tWe 

= EZ + 
*Z

1 * r r t  -  5 .  g90+0=

WgC = '  7  .67  rad /sec  )

kg  respec t ive ly .  I f  the
determi ne the angul  ar

pos  i  t i  on .

b n n  l -  r Z l *
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DYNAM I CS

Disks  A
rest  and
4N-m i  s
s l  i pp ing

PROBLEM N9/6
and B are of  mass 5 ln9 l .gkg respect ivery .  The d isks are in i t ia i ly  a tthe coef f ic ient  o f  f r ic t ion-betwben them is  .2q.  A couple.M of  magni tudeappl ied to  d isk  A for  1 .50s and then removeo.- -oetermin. ' ( .1 'w[ether
occurs between the d isks,  (u)  t f re  f ina]  ungr far  ve loc i ty 'o f  i lacn d isk.

/'bgL

83
- F €N: l.

Assume s l ipp ing  does
not  occur :

tA*A = tB*B

.25 
"A 

= . t rs  *B

*A  =  .6  *B  (1 )

D isk  A :  +  y

Mt -F t rO=IA*A

Mr -  Ft (  .25)  = 
* t  u)( .25)r*o

Mul t .  (3 )  by  .6  and  add  to  EQ.  e )  to

.6Mt  =  .09375w0 +  .02025w,  Subst

And *B = 47 .AG rad/s ec

Subs t .  *B i  nto EQt ' t  (Z) and f  i  nd ,  F ,

F  =  4 .24

F= l tN  i l= - t=  g  =  .24r  -  
A l  1 .Bg

I MPULS E .-

D isk  B:  rX +

Ftr^ = I -t tB = tB"B

, ' ,Sl  i  ppi  ng occurs

F  =  .2 (1  .Bg)  =  3 .53

From EQN (z )

(3  )

e l  imi  nate '  F t '  term

wA f rom EQ (1)

/  G i  ven

Fr( .15) .B) (=it t 15 ) 
'*, (2)

( a )

(b ) ->  Subs t .  i  n to  EQ's(2 )  and  (3  )

From EQN (3)

*A =  29  .9  rad /sec
*B = 3g.Z rad/sec f  A D'e
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DYNAMICS PROBLEM

A-sphere  o f  mass  m and rad ius  r . i s  p ro jec ted  a long a  rough hor iz
w i th  the  in i t i a l  ve loc i t i es  ind ica ted . -  I f  the  t i i a t  ve t6c i i v  o r
ig to be zero,  express ( l )  the required omega^ in terms or v-^ an
t' ime required for the sphere to come to resi oin terms of Vooand

o

d

momentum

(1)

(2 )

u]se

-Ft

(F t ) rD

momentum and imp

component:  *vo

about  G:  I *o  -

im i  na t i  ng  '  F t '

I *o  -  (mVo) r

? 2 2
I  = F m f

3 r t

w =g'o"o  2  r
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=0

=0
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+ v
_ | ) n
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(a )  E l
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=0

22
5mr *o

h/ -4

= rnvor

MVo

F
Vo- l t

(b )  t {e  have:  F t  =  
, /  N t  =  

/ *g t

F =/U mg

From EQ.  (1 ) :
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wo oF-
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DYNAMI CS

The rod  AB i s  o f  mass  m and  s l ides  f ree ly  ins ide
of  mass m.  The angul  ar  vg l  oc i  ty  o f  the iccembly
ef t i  re ly i  ns i  de the tube (x _= 0 )  .  Negl  ect i  ng t - l re
mi ne the angul  a r  vel  oci  ty of  the assetUly * f r*n 

-x

(rnT + rt O) V,

tube

rod

Top vi ews

Moments about shaft  at ,  D
Momentum conserved

=m

f tenrs i nto EQ

PROBLTM N9/g

O
D

S O
was

deter-

x --J
I

l

the tube
was omeg
effect

=  L /2 .

CD wh i ch  i s  a l s r
a 1 when the rod !*of  

f r i  c t i  o f i ,  d t

k- L --rF-

#t
lP b tT-

R-W

+ *n(  vR)gL

*T

v1

Subs t i  tu te  above

, l  .  I2*(i *r) i  +

vr

(1) ;  we  ge t

2
3

2L7
mL-w, = 

E

8wz = 
T

mLzw,

*r. 4

(mr + m*)v1 i+ ( I r  + r*)w, = *TvTtbl + ( I r  +  I * )w,

Si nce both rod and tube are
of  I  ength L and Mass m;

IT=IR=bmlz

= fu, (vn)e = L*z
mR

,r

,(#)wr = *rfurrll+ m(Lwr) + zr$l *z

(1 )



DYNAMI CS

A bu l le t  we igh ing  40g  i s  f i red  w i th  a  hor i zon ta l
7kg wooden rod AB of  length lm.  The rod,  whi . [
pended by a cord of  I  ength I  m. Knowi ng i6a t  h =
of each end of  the rod ' immedi ate ' ly  af  t6r  the bul

PROBLEM N9/ 10

veloc i ty  o f  600m/s in to  the
is  ' i  n i t i a l l y  a t  res t ,  i s  sus -
_ .2m, determi ne the vel oc i  ty
I  et  becomes embedded.

A TAt

h

Ir^L
= (

*qAt
0

"*HSys tem +

l'lornemtu 
L

DATA:

Ext
Impul s 

" L-z

From equat i  on

From equat ion

Mg =  .040k9 .

Vo = 600m/s

t\'1 s 7 kg

L=1rn

Sys tem

Momenta,

ts

+ \  Moments about G: MgV

5 x components:  MgVo =
nh 

= I*z

MVe

h=.2m

r r  -MBuz = 
M_ vo
M^V hwz=++

(3 )

MBVoh

,,

Vo(1 )

(2 )

(2) :

(1) :
(4 )

F rom EQ.  (3 )

\ t^ = .9!600) = 3.43m/s +'2  
7 

\ \ " \ ' rv" l

From EQ.  (4 )

*z= (12) ( .01 ) (600) ( .2)=  57.6ra
1-

KI NTMAT I CS

vn = vz + vn/g = *z

i ?= L3. a3'*J
= 25.37  +

= Yz + vg/e

= 32.23 -*,

F,fl + lt
ftaB<-l

.lVR

vs = [ri +f ',J = F.otf + F.Bi
vs

rhvr

,f^

,6

1 zMBVoh

7

,e
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PROBLEM N9/ 11

A bu l le t  o f  lT lass  m is  f i red  w i th  a  hor izon ta l  ve loc i ty  v^  and a t  a  he ' igh t
h  =  R/2  in to  a  wooden d isk  o f  much la rger  mass  M and radYus R.  The d isk
res ts  on  a  hor izon ta l  p lane and the  coet f i c ien t  o f . f r i c t ion 'be tween the
d isk  and the  p lane ' i s  f in i . te .  (a )  Determine thg  l inear  ve l 'oc i l y  V '  and
the  angu lav 've loc i . t y  omega l  o f  the  d lsk  immedia te ly  a f te r  the  bu l ld t  has
pqnet ra ted  the  d jsk ,  (b )  DAscr ibe  the  er isu ing 'mot ion  o f  the  d isk  and de-
termine' i ts l inear veloci ty af ter  the.mot ion has become unj form.

fi{o

( a  )
Sys tem

Momenta.o

+ t  V ComPonents:
. .

Nar
Externa l

Impu l  se

Externa l

Impu l  se

rta'

= MVZR + I *2

= (MRwr)R +

MRw,

sys tem

Momenta.,
I

+

+

0 +  NA t  -  MgAt  =  S

++

rng=N

x Component.s:  Hq 
-  FA t

o u  t

MVt

t  = MVt

R( , /Mg A t )  I "1

t',tRzw,

(2 )

I  S ince  At rc0  I ' tV^  =  MV. '
bo r

MV:
(1) Vr # I

r  T  About  G:

At  =0  MVo(R -  h )  =

wl =tfrlftIvo I A

w2 k;
UZ = R*Z

uz=k ) A

1
T

h=

M!a

R
Z
MVo
MR_*1  ,=

( b )

+

A

Sys tem

Momen ta
0

)  Mom.  About  A :

MVo(R /2 )

= Sys tem :

Momen ta,

o
1
T mRzw,

1 3

i  MVo = 
,

,+



DYNAMICS .  :  :  PROBLEMNg/1z
P. lo fz

A uni form slender rod of  length L is dropp.ed onto r ig id s.upports at  A and B.gp
Immedia te ly  be fore  s t r i k ing  A the vel  oci  ty of  the rod i  s V, ,  Si  nce suppoi" tImmediately before str ik ing A the veloci ty of  the rod is V., ,  Since
B is  s ] igh t ly  lqwer  than suppor t  A ,  the  rod  s t r i kes  A be fo f ,e  i t  s t r i kes  B .o  l 5  5  |  I . 9 l l  L  l y  l q w e l -  . L i l c l l r .  5 u P P u r - L  f l r  L l r g  r u u  >  L 1  |

Assuming perfect ly elas ' t ic  impact at  both A and B, rdetermine the angu' lar
velocity of the rod and the velocity of j ts mass'center immediate' ly after .
the rod-(a)  s tn ikes suppor t  A;  (U)  i t f " ikes suppbr t  B,  (c) 'again s t r ikes
support A. -

(a) vnr
\/'A2

ve

ve

'  
a i

"e=  J

- V'"
I

Li

= .2V,L

= vt

,1, ,21
2

MV'L /Z  +  0  =

MV'L =

vr=+L*z
3v ''

*z = 
T-

I *Z
.
2

ML-w,1v
. 1 ' .

trl1 (i L*2

vz
L
z

+

+

v eluz

=L,2
1z

W2'

vt

wz

v3=

v1

(b )  VgZ =  Lw -  V t  =

vgt  2v t

Vgg =  -2V1

I*2  :  (MVz )

1  ? .3V1,
b ML'(t')

eI

.

I *3  +  (MV3 )

V'LM:bmt2wr+m(2v,

o=|rur-z*r+MV'L

tYt -  vt  : vgg + vs/ er Lw^
J

1-
n(

L
z,LT Z

L
zL=

2

1-T

,  3v1
*3= -r

"s)

1



DYNAMI CS

c)  VRs = Vgg +

vRg = vl

vR+ = -vl

PRoBLEM N9/re
P.2  o f

uo/ t t=-2v1+3vt

e= 1

+ vg/A4 = -v l  + L*4
I*3 + + LMV3 =

1  t  3 V t

ht{L'(+) +

o = - +Mlzwo
*4=o

v+ = vR+ 1z
. I*4 + 

,  MV4L

*(lmvr) i= - bulz*o+ tr,t(Vt _
|-, 4)

Lz



DYNAM I CS

P.LsfZ
A sphere A of  mass m and rad ius r  ro l ls  wi thout_s l ipp ing wi th  a  ve loc i ty  v^  on ahor izonta l  p lane. . . I t  h i ts  square ly  an iaent i i i t  sp i rbre-e wf i . [  is  a t  r ls tg  

- "
Denoting by the coefficient of friclion uetween tfre ipnerei and thep' lane? leglect ing the fr ict ion belwedn the spher. i ,  ena-u;; i l ing perfect ly eiast ic' l tpaq! (e-= 1),  determil .  ( l )  t fe ' l inear ina' inguri .  uerol i iv oi  i icrr- i i r , i " . ' - -

immediately-af ter  impact,  (b)  the veloci ty of  e ich sphere ar ier  i t  has startedro l l ing  un i fo rmly ,  (c )  d is iu is  the  spec i i i  iase  when =  Q.
(a ) Immgdi qtely after Impacr

- ( f l i  ct i  on iorces are not impul s i  ve )gqlll!$.s$r&r +

PROBLEM N9/13

Sum of I'loments About G:

I*o = I (wO)1

(wA)r = *oI = Fl

Sum Moments About G:

0 = t (wr)1

(we)r = o

bA

o+

.J

+
SoJve (1  )  and

Simul  taneous 1y :
(2)

(vn)t= o
(Yg )1,= vo

A,
+4M(ve)r (1 )

(vB)1 r  (vn)r

vo-
=1

^=G'n)'+u'w
T Fat=D

FAT &O

CONS IDER BOTH SPHERES

60+ 6G
Sys tem
Momenta

o

+ -) Components:

MVo = M(VA)'  +

Cggff i ci_ent -oJ Resti tuli on

Externa I
Impu 1 s.0- l

Sys tem
Momenta,

(2)e=



DYNAMI CS PR0BLEI4 N9/ 13
P,2  o f

(b) Motion After Spheres Rol l  Uniform'ly.
Note: Here the t ime interval is not small  and impulse of fr ict ion forces

is  inc luded.

Sphere A:

,'^-(c, )
\  b /

\--l
D

Sys tem
Momenta 1

+ D Moments about D: Iw

? Mr2w 2
co

Since- r "o  =  Vo l

(vn)z =

Sphere B

hvo

Sys tem
Moment

+ ),Moments

we hav

r(wa) 2 
=

(wn)z

G'rt
\en )
uffo.

Sys tem Ext.
Impu l  s .1_z

Rol ls :  
$) ,  

= r (wn)2
q 

\ \ r (ura)a( ( - - 1 ' - \ !

V rt(vn)a
D

Sys tem
Momen tuz

'+A

+

+

s. 
= t(wo)2 + t ' t (vn)2,

= 
? Mr2 (wA) z + Mr (wo)rr

2= + rr,- ,) ^^.I  o '

: (vn)z = +*o
rwo

?*o/A
.a

out

=?_
5

=w
o

(*g )

0 t

(ve)e = r

(c ) For" L4 =

e
2
7

(
(Vg)e = r (wr)2

Sys tem
Monenta,

Rol  I

+

+ Exte rna 1
Impul  se  !_zu,1

Ab

Reca,t i r : t$

D:  (MVo  )  t

tqr?(wB )z +

(we )z
E

z = i *o

he mot i  on

= t (wr)2

Mr (wo ) r r
5 Vo-

'-f -

l r

+ M(Ve)z t

vs

of  par t  (a )  i s

twg)z =

E= 
i \to -+

the f i  na l mot i  on



DYNAMI CS

A s lender  rod  o f  mass  m and length  I  i s
i s  g iven  a  s l i gh t  push  to  the  t igh t  and
rol  I  er  A i  s constrai  ned to move vert i  ca]
impul ses exerted on the rol  I  ers A and B
per fect ly  p l  ast i  c  impact .

PR0BLEM Ne/rq

hel  d i  n the posi  t i  on shown. Rol  1 er B
moves a1 ong the hor izontal  p l  ah€, whi  I  e
ly. Determi ne the magni tudes of the
as  ro lJer  A  s t r i kes  the  ground.  Assume

Cons ervati .on of Energy

Ins t .  cen ter  i s  @ B

uz=a
Et=o

Lwz=msi

*z

1 2 1

2 tVz'+ n
,.(! *z)Z

* ^LzwrzF =-2

Ez= r* z?
+ *rb

tLz 
=

* g2)*z2

0

Et + twz 
= Ez + *z

Pri nc i p,l e of Impu I s e _ilnd Mglnentum

rn Je
ror

mg

*z

=0

+ B6 t  =  0

= t *L?*rz

,Iffi

Lz
(1 )

Sys tem
Momentao

L

+ t Moments

But I= l :T2

External
Impul  s .Z_3

T ,,g= o

_ Sys tem
Momenta,

t )L  =  0

wz'

'r!) '*, =

Aat=m

+

About

mL2

AAt

B: I*z

and

(Aat )L

^uzl
u2

bm

+ BAt

MF

I  ( A A

= i9-
( ' * ,  +

+

=+mL

Subs t i  tute for
*Z f rom EQ (1)

SA

'  -  *Vz  +  AAt

mblE +
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v

* {v  compon.
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DYNAMI CS

Two i denti cal s I ender rods may swi ng f reely
re leased f rom rest  in  a  hor izonta l  Fos i t io i r
a t  which t i rne the smal l  knob K s t r ikes rod
and e  =  .5 ,  de termine  (a )  the  ang le  th rough
ang le  th rough wh ich  rod  A w i l l  rebound.

Rod A

m9.n

PROBLEIYI N9/1S p. l

from the pivots shown. Rod A i
and swings to  a ver t ica l  pos i t i

B whi  ch was at  rest .  I f  h  = L/z
wh ich  rod  B  w i l l  sw i rg ,  (b )  the

ofz

S

o f l t
g-

l"- I

ltlVr t

I
I
I
I
I

I
l rMoment of  imp. and

momenta about oL
rtn

(mv lA)  
*+  I *1A

*I
(p a t),(

&
?

(mVzB )

=+nL

(1 )

a
El  im ina te  P
( (  -  h ) ( * 'A

(4 )

(s)

(6 )

PAT

Since VA = +wA, I = i ,  *I2

+m L'*ro+ bm ! '*ror :(pa t) L

+ n l-t*ro - (pa t)L

= i n!-'*ro + b^!"'*ro

= (mvzA) + + I*zA

(1 )

Rod B: Moments of  imp. and momenta about

+T PA -  h )  =

02

t( !-

*zB
= e *tR

(5 )  and

+ I*28

(Par ) ' (  L  -  h ) 2wzB

and (2 )

w2B

(2)
rttrlu0

\PatB t from
- *zR) = (3)

Rel at i  vq vel  oci  ty of  poi  nts of  impact

(  l -  -  r r  )wZe -  ! * rO= g( t -wlA)

For h = 
*, EQ (3) yiet.ds , ,(*tR 

- *zn)

EQ (4 )  y ie tds ,  
, *28  

r  *zA

Subst i  tute e = .  5 and el  imi  nate 
"zA 

from (6)

(7 )

ffi','
F,X1* 

'

3*1A = 5*2g



DYNAMI CS

Conservati  on of Enerpy

Rod A: Et + 
1wz 

= Ez + 
*z

ms + = ,ro(*rR)2

Rod B. Ez+

2
2

=mg

zw3

\2
B /

E3 * zL3

,  ro(*e (1  -  cosgg)

(7)  wzB = .6  * l .A;  Subst .  in to

.6wtn) -  *zA = +*1A
*zA = -+ *r.A

A

El + Lwz 
= Ez + 

*z
ms otz = i ro(*rR)2

EQ(6) ,  w i th  e  =

(,-ei
E2

!r

+ ^w-, =
( , J

o (*2a) ? =

E3 + zLs

ryg 8tz0 - coson)
\\

i  nto

2=

in to  EQ ( to1

.004

eA = J6.30
I

\
\

rt"3 JZzz 
-

fi';*
il
It
t l
U

( a )

(  b)  From EQ.

+(
Conserva.ti on o.f .Energy : Rod

eA

EQ (11)  and WeR f rom EQ ( tey

(1 - cossn) = ,6il, = ( -.2\

CosOO = .96

[t- cosqt

subs t i tu te  * tA ,  f rom EQ (B)  and  (9 ) ,  i n ro  EQ (7 )

1 - coso, = ,#, ' = t*lt eB = so. zo A

PRoBLEM N9/15
P.2 o f  2

Subs t .  f l tn f rorn


