
DYNAMI CS

A 1000k9 automobi I  e i  s movi ng at a speed of 70
ful  ly  appl  i  ed,  cdus i  ng al  I  four wheel  s to s k i  d.
required to stop the automobi le (a) on concrete
(  lL= .10) ,

\
\

PRoBLEM N5/ 1/
rJ

krn/h when the brakes are
Determine the t ime

(  
lL=  .80) ,  (b )  on  i ce

7A km/hr = 19. 4n/ sec
(a) vA =

*AvA

Si nce the

*AvA-Fat=o

$r ,  P  =1 t l l

N = mg

*AVA = ANat

A t=

At  =  2 .5  sec

0

is constart,  
feot 

= Fot

- fnat = *nvi =

fr i  ct i  onal force

(b )  0n  i ce  ( l  =  .1 . )

,.t= 5v n
/hs

at= + = 19.4Tgm
At  =  1 .9 .8  sec



DYNAMI CS

The in i t ia l  ve loc i tY of  the 50
the time t at whi ch the car has
5 mls to the r ight .

PR0BLEM N 5/"?: r/
, /

is 5 m/s to the left. Det6rmine
vel oci ty, ( b) a vel oci tY of

kg car
(a)  no

- \

+I

Tdt =, mnvnl = 0

( t , { ,B -T)d t=*BuBr  -0

*AuA + *BvB +

+ Irot = *AuA'

r [rot + Jwrdt =
+lTdt=o

r Srot + Jwrdt = o

(b )
*AuA

*BuB *BuB'

+ 
frot=movo.f*eda = 0 *AuA + *BuB '+mBvB'

uA = uB i uA t  =  uB t

Bdt=0
(*A**g)vR

(60)  ( -5 )

t=
. : 1

. ! l /

i 5fi,ii '*'. {,

(*A**e) (uA')

= 60(  s)

+*Bg t

+  9 .8 (10)

6 .1  sec

t) = o
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DYNAMI CS

A ?0 kg bl  ock i  s i  n i  t ia l  ty at  rest  and
vari es as shown. Negl ecti ng the effect
maximum speed at ta ined by the block (b)

(a ) l'laximum speed wi I I be
reached when P becomes
zero ,  i .e . ,  a t  t  =  .4  sec .

f
*u l+)Fdt=mvz

o + t 'ooo, = mvz
o

n ' 4
J Pdt = area under
o

+ (.4) (rooo) = Zov*u*

r ,  = ( .2)( looo)
'max 2A

V*u* = 10 m/sec

(b) *ur .l 'uoo, = zov,
1T

o *F(.4)(rooo) +

uZ =  3 .J3  m/s

i s subjected
of  f r i  c t toh,
the speed of

P

PROBLEM N

to a force
determi ne
the bl ock

5/3
"/"'

F'whi ch
(a)  the
a t t= s.

/.p s

.L

tr iangle = *V*u*

./

*,gg \a4c
**"-g-

t . J15  '

f, -- ' "l

T

(>")(t.t )(-rud=ZAv,

!a+u

r?q ,2 ,,'
-n . - *F" - ' /

Orn

[u d] 'J
***>te**tn

v

,* f
/a'lA Pt*nfu'{ A* '|



DYNAMICS

A 100 gm basebal 1 i  s Pi tched
After the bal I i s hi t bY the
di rect ion shown.  I f  the bat
the average impulsive force

r
,f -z-r-l,

PRoBLnr6P/F

wi th a vel oc i tY of 60 km/h towa rd a
bat  B,  i t  has a ve loc i ty  o f  180k* /n
and ba l l  a re  in  contac t  fo r  0 .025s ,

exerted on the bat dur ing the impact.

bat ter .
in  the
determi ne

m = 1009m = . lkg

V'*  = 60km/hr =

ut, = o

16.  7n/sec

n,, l$
,/

a /
t t w
!  a \ - \  t7

\Ar'iqoo
F a l l l - r - - - - -

\-7 (

b

I_(sl,_

*v1* +

*vly +

dt = *VZ*

dt = *VZ,

It*

f,,

.  1 ( -  16  .7 )  +  F* (  .025)

.1 (0 )  +  t r ( .025)  =  .

F* = 2I9.9N

F = 2547N 0

= .1(50 cos40)

1 (s0 s i  n40)

F = L28.6Nv
X..

a

?0,\L

Pos i  t i  ve to r i  ght

1Bo km/hr = 9tr/e
V Z* 

= 50 cos4Oo

Y Zy 
= 50 si n40o

7"f
*_^/ _
F*l

s

I r x
4 ' n  r  { - )

#  
I  / i /#  \ - '

f,* ? ''i
*" ,*;l'.t t +,t d.,,



DYNAMICS PROBLEM N

Collars A and B are moved toward each other, thus compressing thd
spring and are released from rest. The spring is not attached to the
col lars. Neglect ing the effect of tr ict ion, and knowing that colalr  B
is observed to move to the right with a velocity
(a)  the corresponding ve loc i ty  o f  co l lar  A,  (b)
o feachco l la r  ._  

,
Total lvlomentum is Conserved

of 6 ffi/s, deterrnlne
the kinetic energy

= mAuAr + *BuB'

vA=

0=

uA'

Posit ive to the r ight

1_ ,*

\' r.,r{

uA' = -?mf s

uA' = 2 m/s to the I eft

(b)  EA = hnuiz = , . (1.5)  Q)z

EA

EB

EB

3 N.m =  3J

hgug 
2 = r r ( .5) (q?

=9N-m=9J



DYNAMI CS

Total momentum of barge and
crate is conserved'

PROBLEM

uc t  =  uBt  -  1 .5

.f->

ff "lto
f
t .

A barge is initially at rest and carries a 600 kg crate. Ihe barge

has a mass of 3000 kg and is equippgd with a winch which is used to
move the crate iiong-ttre deck. 

'.nbbtecting 
al{ friction between the

l " i t . - ina t t . .u j ig . 'ue termine(a) -@the-bargqand
i i 'E-itiG wten ii'6-wtnctr is drawing
6* i f f i . . t !ebargeaf ter . I?mofrope.hasbeendrawn
in'uv"[n. win.h,-( i j-Soiv. Firt i  (a) and (b) assuming that u = .30 between
the crate and the barge

*---r*x

(a) *BuB

0=

u B t

uB'

uc'

uc'

+ *cuc = tBuB' + *cuc

*BuB'  + *C(uB'  -  1 .5)
. | . 5  

I [ 6 .=  - - -  
t  =

*B**c

= .?5  m/s

=  - l  .25  m/s

=  I  .25  m/s

( b ) Moti on of Cra telbarge

v  =v t
"c lB

1? m =  1 -5  t

t=8s

Barge

*B = uBt = '25(8)

*B=2n

(c)  S ince f r ic t ion forces
exerted on each other bY
the barge and the crate
are internal forces, the
answers to Parts (a ) & (b )
are unchanged.

U g  _  1 r = .
C^r  

t  a !  J

I

t

, - ' \ , ? * - )
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DYNAMTCS PR0BLEIf N 517:

A l0 kg package is discharged from a conveyor belt with a velocity of
3 m/s and lands in a 25 kg cart.  Knowing that the cart is ini t ial ly
at rest and may roll freely, determine the final velocity of the cart.

$1tr'/s

vA

vA

Col I  is ion js perfect ly p last ic

mAvA *ffrr= (mn+mr)v'

= uo s$)f

= 3 cos 300

(The x component of

in  the hor izonta l  d

I0 (3  cos  30o)  =  35

v '=  .74  m/s

vo causes

i rect i  on )

(v ' )

moti on



DYNAMI CS

q-
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PR0BLEM N 579t.."

In order to test the resistance of a chain to impact,
suspended from a 100 kg block supported by two columns
attached to the last link of the chain is then hit by
dropped from a 1.5 m height.  Detennine the ini t ial  im
the chain assuming that the impact is perfectly plasti
colunns supporting the dead weight (a) are perfectly r
equivalent to two perfect ly elast ic springs. (c) Dete
absorbed by the chain in parts (a) and (b).

the  cha in  i s
.  A rod
a 25 kg cyl i nder
pul se exerted on
c and that "the
ig id ,  (b )  a re
rmi ne the energy

(a ) Perfect ly r i  gi  d col umns

vel oci ty of bl ock as i  t  hi  ts rod:

Er=Ez

(e.8)  ( t .5)  = ,z Wz')

vZ =  5 .4  m/s
oA

,{il - Fl}t = *uz

fr hl = .enu?z

*r ur

-FA t  =  25( -5 .4)

FAt  =  135.5  N.s

(b) Momentum for dead weight and
b lock  is  conserved.

*l ul = (*OW*m, )v2

(c ) Energy Absorbed

(a )  E  =  mgh =  25(9 .8 ) ( t .5 )

v? =

vz =

*Dh|**B

I .08 m/s

E = 367. 5J

(b )  E t  =  E?  +  
tLZ

tLe  
=  E l  -  Ez

irnpul se for bl ock

mv l  -  FOt  =  mvz

(25) (5 .4 )  -  Fa t  =  25(1 .08)

lL? 
= WB!,Z -

t  LZ = , ' (2

tLZ 
= 29i

Energy a

%(mR+mD', )u Z?

a5G.4)
125

FAt  =  108  N



DYNAMICS PROBLEI'I

Two steel blocks slide without frniction on a horizontal surfacel
irneciiately before impact their velocities are as shown. Knowing that
e = .75, ditermine (a) .their velocities after impact, (b) the energy
loss during impact.

Posit ive to r ight .

(a ) mAvA

.6(4 )

tL

+ *Bur -

+ .g(  -2)

*BuB' + mAvAI
, J

= .6(uA ' )  +  .9uB'

1uA'  +  l '5vr '  =

u B t -  uA'

.75

uB'

uA'

uA'

uA'

uA

:.

VB

2)l
+

- ( -

4.5

=  uB t  -  uA '

uA t

+ 1.5 (4 .5  +  uA ' )  =

-2 .3

= ?.3  m/s

(b)  (1  ) -+Before  co l l i s ion

(zHAfter  Col  I  is ion

Et  =  EZ + tLZ

ILZ 
= E l  -  EZ:

uB '  =  2 .?  m/s
t Lz = (r" *AuA2+l4nrvBz ) r (rrnov A'Z*rynBvB 

'2 
)

lLz 
= t%(.6) (42) + ' , r ( .9)  ( -2)1

- krr6) (-2.3)z + u(.e)( z.z4

ILZ 
= 2.84 J

_Stg*,



DYNAMI CS

A bal l  is dropped onto a fr ict ionless f loor and al lowed to bounce several
times as shov{n. Derive an expression for the coefficient of restitution
in tenns (a) of the heights of two successive bounces h- and h-, '  (b)
of the lengtbs of two successive bounces d,, .and dn+I, (U) of t l lEr
durations of two successive bounces tn i[d"tn+1.

V.,  + In i  t i  a l  hor i  zontal  and vert i  cal
r  ve loc i t i es .

v* l

&
PR0BLEM Nw

T'\,,T',.,,'f.. ,,Fr
l- [ ]'It]t{ir'-

ts d, * dL -fiF dg{

V' ;  V'  - -> Hor i  zontal  and vert i  cal  af ter  f i  rstx -  
Y bounce.

Vli  ;  Vl i  --+ Hori zontal and vert i  cal after secondx -  
Y bounce.

=ev
v

=  V t  =  V t '
X X

(a )  Vert i  cal  Mot i  on
1 2

mgho = 
n *V;

V'v
V

X

m

(b) t r  - tTime
ti+Time

for f i  rst bounce
for second bounce

t r)

tz)

V t  =
v n(,

n(,
eV 'v

V=v
vi =\fzs-\-

V'  =  eV
vy

.Vq=
h., = eZh^IY

Resul t  can be expanded to
any two successive bounces.

hn+l = . tnn

v" =v
V t t  =

v

. ' .  tz  = at l

tn+l = tt{,

Hori zontal moti  on
I

dt  = V*  t l  =  V* t1

dZ = Vl tZ = V*tz

o^.- = 2=
dx+L t t

dZ = .d1

dn+l = udn
d

e = "1*t
on

e ,**.!r.,,_

(c)  tn+,.  = . tn
+"n* I

zgh r

e=



DYNAMICS

A bal l  is  suspended by an inextensible cord.  An
released from rest  when i t  is  iust  touching the
veloc i ty  v^  before s t r ik ing bal l  B.  Assury ing_e
determi ne tne vel oci ty of each bal I inrnediately

PRoBLEM 16';

i den t ica l  ba l l  A  i s
cord and acqui res a
= 1 and no fr i  ct i  or ,
after impact.

Subs t i tu t ing  fo r  (vR ' )n  f rom

(2)  in to  ( i ) t

.433uo  -  .25vBt -uBt  +  .433vo  =  0

S.^  0 :  
r
2r  is in

B = 3 o o  I, ,9
j

i

i

= -vocos 300

= ,-z Vo

Total momentum conserved
i n hori  zontal di rect ion

or' '/

Wn* rtuB = 
lRvR'

0 
:  

m(vA ' ) t  cos  30

.5  (vR ' )n  -  uB '

. s (uA ' )n  r  uB '

Rel at i  ve

s ince  e  =

(vn ' )n -

( vR '  )n  +

(vn ' )n =

+ m(vA ' )ns in  30-  tuB '

+ (Lrvo ) cos 30 = 0

+4 .33uo=o (1

vel oci t i  es i  n normal di rect ion

I

+ *BuB'

s=h
= 30o

(vn)t

(vn)t

uB '  =  0 .693  vo

)  
(vn ' )n  = .52v0

(vB '

uB '

.966

)n

s in

=  (vg )n  - tan = 
#,

= 43.  90

uA '=  .721  vo

Angle of  uA'  w/

=  l6 . lo

(un)

300 = uo cos

n

300

v o  r  0 . 5  u B t (2)
hor iz.  = 600



DYNAMI CS

BlockA is re leasedwhengA=g0oands l idesw i thou t
; i ; i [ .r  balt  B. 

-rno*ing A 
!h?t e = .90, determlne (

B inrnedi; i l jy-aftei impict,  (b).the maximurn tension i

; ,  
"Gj-t [e-miximum hei bht to whi ch bal I  B wi I  I  r i  se.

i r
of

ing

I
a

I
o

NE
oc
h

1
d

n
ve
or

PROBLEM

fri cti o
a)  the
n thec

ty
1d

Vel oci ty of A before impact

mghl = WIZZ 
'

T-
vZ=129h

uZ =  3 .8  m/s

(a ) mAvA +

I  (  3 .8 )

mBvB = *AuA'

+  0  =  l uA r  I

u.r t - uo'
vA-vB

uA'  +

- l  ,0 l

I  - u A '

vI

2 (3  .42

m/s

(b) Max Tension occursI ' 
I owest Pos i t i  on 

'of+ mBvB

2uB'

a t
B

T - m g = f f i d n

.90  = T  =  m(g  +
r

T = U(9.8

T =  31  .2

2
V \

?\uf'r 
T

N
.9 (3 .8

u B t  =

3.8  =

uAt  =

uB'  =  2 '41  m/s

)  =  vB

3.42 +

+ uA ' ) (c )

3

1

fff

h3 =  .3  m



DYNAMICS

It  is  des i red to  dr ive the 200 kg p i le  in to  the
to i ts penetrati on i s 11760 N. Each bl ow of the
of a 1,.5 m free fal I  onto the top of the pi le.
wi l l  be dr iven into the ground when the 11760 N
Assume that the impact is perfect ly plast ic.

PROBLEM

ground unti l  the resistance
800 kg hanrner i s the resul t

Determi ne how far the pi I e
res istance is achieved.

Vel oci ty of Hammer

mgh = ( I lZ )mv2

8oo \l,g

l .  6 . r r  ;

loa

R
G,
F
-$

Hammer and Pile move

res i s tance

El + 
tWZ 

= EZ + 
tLZ

a

,
t l r/

agai  nst  ground

f * , .  +  *p)v '2  +  (mH + mo)sd =  0  +  R(d)

|taoo+200 ) (4 .32)2*g. 8 ( 800+200 ) d= r.1760

1960 d = 933L.2

d  =  4 .76  m

v=

v '  =

v t  =

v t  =

8oo(5.4)
m

4.32  m/s

"suH =  5 .4  m/s

Impact ( e=0)

Total momentum

*HuH + *pup =

i s conserved

(mH + ,nr )u '

2gh

*HvH * yttfl
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DYNAMI CS

Two porti ons AB and BC of the same
The porti on of cord BC suPports a
AB is under no tension. Determine
in the ent i re cord af ter  the st ick

For cord of I ength L , cross-
sect ional  area A, and modules of
el  ast i  c i  ty E, tensi  on F for
e longa t ion  E  i s :

f i t r aF =tlt

Before Break: r^r = tis

PROBLEM N 5/I 5

elast ic cord are connected as shown.
I oad hl whi I  e, i  ni  t i  al  ly, the port i  on
the maximum tension which wi l l  develop
DE is suddenly broken.

Inrnedi at_el y After Brea k:

^ t -  A

Fo = rfd

Since I is same before
immedi atel V..dfter break,
e l iminate d f rom (1)  &

F^ = +blo

Let E be max. def lect ion
fol I owi ng break:

Since load is  a t  res t
immedi ately after break,
and aga in  a t  max.  de f lec t ion :

El  = E? = o

Thuso  E l  +  tWZ 
=  Ez

reduces to tWZ 
= 0

twz 
= mg$ -L"(Fo*Fru*) E = o

( t  )

(2)

and
we

(2)

(3 )

work

work

of weight = mg I

of el  ast i  c force =

-L, ( Fo + F*.*) 
6

F*u* = 2 mg - Fo

Reca l l i ng  (3 )

F*u* = Zmg o 
+mg

= ms (z-r+ [  )

F*u* = ms (l+ )



DYNAT\,II CS

A steel bal I is projected onto the
of 17n/ sec at the 30 angl e shown.
between the bal I and th6 plate is
and i  t s  ang l  e  g '  .

The mass of the heavy pl ate may be
consi dered i  nf i  ni  te lni  i  ts
coffespondi ng vel0ci ty zero after
impact. The coef f  i  cibnt of
rest i tu t ion is  appl ied to  the
vel oci ty components normal
to the plate in the direct ion-of the i mpact force and gi ves :

e  = re l  .  veJ.  separat ion ,
re t .  ve l .  approach

n  t r  -  u t  s i n  g t  -  0
V o  J  

-  

, s in  g '  =  4 ,ZS m/sec

Momentum of the bal l  in the x-direct ion is unchanged
smooth surfaces, there is no force act ing on the bal lThus :

m(17cos30o)  =m. (  v ' cosg , )  o r  v ,cosg ,=

sol ut i  on of the two equati  ons gi ves tan g'

andv  I  -  4 .25 /s in  16 . lo  =  lb .3  m/sec

Iv

I W (<fi-p.-.)

n
t l
V

I
| 

6-PA,T

s ince ,  w i th  assumed
in  tha t  d i  rec t ion .

14 .7  m/sec

=  4 .25 /14 .U g '  =  J  6 .  I  o

\

PROBLEM

lguu.y nnta 1 pl ate wi th a vel oci ty
I f the coef f i ci ent of res ti tutt olr

0. 5, compute the rebound vel il i i i"u ,

lv
I
I
Id


