DYNAMICS PROBLEM N§D

A 1000kg automobile is moving at a speed of 70 km/h when the brakes are
fully applied, causing all four wheels to skid. Determine the time
required to stop the automobile (a) on concrete (F'= .80), (b) on ice

(’l.= .10).
70 km/hr = 19.4m/sec
(a) VA =0
myVy - fpdt =mVy =0

Since the frictional force is constant, SPdt = Pat

mAVA - Pat =0

S$= P=uN (b) On ice (u= .1)
N = R\
= mg at = 2 A
MM, g
mAVA = uUNat v "
A 19.4
| At - A _ 1.
At < 1000(19.4) Mg .1(9.8)
.8(1000)(9.8) At = 19.8 sec

At = 2.5 sec
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The initial velocity of the 50 kg car is 5 m/s to the left. Detérmine

the time t at which the car has (a) no velocity, (b) a velocity of
5 m/s to the right.

So ¥

+

mAVA +8Tdt = mAvA' =0

e

mBYB + g(NB - T)dt = mvg' = 0

B
(a) S (b) S‘ '
mAV + YTdt =0 mpVp + ) Tdt = maVa
+ mpVp - STdt + fdet =0 A gTdt + fdet = MgV
maVa + mpvp +fdet =0 maVa + maVp + Sde’c=mAvA +vaB‘
y Vp = Vgs Vp' T Vg
maVp y ngdt =0 (mA+mB)vA + mgg t= (mA+mB)(vA )
6Q,,,(§-5/)/4/10(9.K t)= 0 (60)(-5) + 9.8(10) t = 60( 5)
Qt” = 3.06 sec ! t = 6.1 sec
N su)is) il foe S60E
- ‘/f‘\\“\:( e N N\ 4 #
Go)(-5) +io(as)(L)=® 9§t - ¢
N / ) o /
N 0 ? B /ﬁ - Qs Fheeu ¢
101954 ) = —Z25¢
/o 250 o B
Frme = "G5 T A S5 seawss (ri w0201 500 = 200
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PROBLEM N 5/3

P
A 20 kg block is initially at rest and is subjected to a force P which

varies as shown.

Neglecting the effect of friction, determine (a) the

~maximum speed attained by the block (b) the speed of the block at t = 1.5 s.

(a) Maximum speed will be
reached when P becomes
zero, i.e., at t = .4 sec.

1]

mv, + S Fdt

4
0+ § pat
0}

4
f Pdt = area
0

mv2

mv2

under triangle = mV

1 _
§'('4)(]000) = 20Vmax
v - (.2}{1000}
max 20
Vmax = 10 m/sec
1.5
(b) mv, 4;4: Pdt = 20v2

0 +[;k.4)(1000) + (%)(1.1)(-25@}]= 20v2

v2 = 3.13 m/s

126 T T
0TS Ty



DYNAMICS | PROBLEM@éiZE

A 100 gm baseball is pitched with a velocity of 60 km/h toward a batter.
After the ball is hit by the bat B, it has a velocity of 180km/h in the
direction shown. If the bat and ball are in contact for 0.025s, determine
the average impulsive force exerted on the bat during the impact.

\v
7 af-‘f
/9463
m = 100gm = .1kg _ <u//§§; .
Viy = 60km/hr = 16.7m/sec , ~ s ' o |
- Dot g
1y 7
e Lo km./hnr
™1x +.5det = oy
mVly +_SFydt - mvzy Positive to right
180 km/hr = &n/s
_ - (o
.1(-16.7) + F,(.025) = .1(50 cos40) Vs, = 50 cos40
- . 200
.1(0) + Fy(.025) = .1(50 sin40) sz = 50 sin40

Fo = 219.9N  F = 128.6N
F = 2547N @ '40°) X%~

] o
o — 2031



DYNAMICS PROBLEM N | /5

Collars A and B are moved toward each other, thus compressing the
spring and are released from rest. The spring is not attached to the
collars. Neglecting the effect of friction, and knowing that colalr B
is observed to move to the right with a velocity of 6 m/s, determine

(a) the corresponding velocity of co]]ar A, (b) the kinetic energy
of each collar.

Total Momentum is Conserved ) , :
otal Mom rv A & —> (4&421

VA = VB = 0 )

N Positive to the right
0=1.5 (vA') +°.5(6) \ ~
v _ =(.5)(6.0) AR
Va T.5 .
vA' = -2m/s

vA' 2 m/s to the left

(b) Ep = mpvpZ = %(1.5)(2)2

3 Nem = 3J

g v © = u(.5)(6)?

m
"

m
"

SN - m =94



DYNAMICS PROBLEM X 5/6

I

.

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

has a mass of 3000 kg and is equipped with a winch which is used to
move the crate along the deck. Neglecting any friction between the
crate and the barge, determine (a) the velocity of both the barge and
the crate when the winch is drawing the rop at the rate of 175 mW/s,
(b)-the—final position of-the barge after 12 m of rope has been drawn
in by the winch, (c) Solve parts %a) and (b) assuming that u = .30 between
the crate and the barge. :

Total momentum of barge and | ' —

crate is conserved. .(53----—‘ ]

(a) mgvg + McVe = vaB' + mcvc'
0= vaB‘ + mc(vB' - 1.5)

ov = 1.5m _ 15(600

B 3000+ \
my+m : ! ~ <
B e | \J£Ej~ S = 2D
| B
vg' = .25 m/s
vC' = -1.25 m/s
vC‘ = 1.25 m/s
(b) Motion of Crate/barge (¢) Since friction forces
exerted on each other by
XC/B = vt the barge and the crate
are internal forc?s, th%
_ answers to parts (a) & (b)
12m=1.51 : are unchanged.
t = 8s
Barge
Xg = vBt = ,25(8)
= 2m

XB
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PROBLéMfﬁf;(if

A 10 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 initially
at rest and may roll freely, determine the final velocity of the cart.

Co]]isioncjs perfectly plastic
mpva + Bg Vg = (my + mp)v!
Va = Vo cos_38%

_ 0
vp = 3 cos 30

(The x component of v, causes motion 'Ji. ’ ﬁ M
in the horizontal direction)

10(3 cos 30°) = 35 (v')
vi = .74 m/s




DYNAMICS PROBLEM N 5/3:

In order to test the resistance of a chain to impact, the chain is
suspended from a 100 kg block supported by two columns. A rod
attached to the last link of the chain is then hit by a 25 kg cylinder
dropped from a 1.5 m height. Determine the initial impulse exerted on
the chain assuming that the impact is perfectly plastic and that the
columns supporting the dead weight (a) are perfectly rigid, (b) are

equivalent to two perfectly elastic springs. (c) Determine the energy
absorbed by the chain in parts (a) and (b).

(a) Perfectly rigid columns

velocity of block as it hits rod:

E] = E2
)Mﬁ hy = mv 2
1 2

(9.8)(1.5) = % (v,°)

Vp = 5.4 m/s
;ﬁa

vy - FAt = n-1>v2
-FAt = 25(-5.4)
Fpt = 135.5 N-s

(b) Momentum for dead weight and (c) Energy Absorbed
block is conserved.
( ) (a) E = mgh = 25(9.8)(1.5)
MyVy = (Mtmy )V
L E = 367.5
MV
_ 1'1  _ 25(5.4) (b) E, = E, + L
V2 = mm. - 125 1212
DWB L, =E -E
172 1 2
v, = 1.08 m/s
2 2 2
L, = 3mpv.” = H(mptmy, v
impulse for block 1 2, B RTDWTT2
mvy - Fat =mv, 1L2 } %(f
. 1L2 = 29
(25)(5.4) - Fot = 25(1.08)

FAt=108N . s Energy ¢



DYNAMICS PROBLEM ﬁiﬁ[g}

Two steel blocks slide without friction on a horizontal surface;
immediately before impact their velocities are as shown. Knowing that

e = .75, determine (a) their velocities after impact, (b) the energy
loss during impact.

~ Positive to right

(a) mpVp + MgV = mgvg' + m,v,

'6(4) + '9('2) = -G(VA') + .9\;3'

vyt 1.5vB =1
i v,' = v,'
e- B A

A B

(b) (1)>Before Collision

vp' * 1.5(45 4 vp') =1 (2)YAfter Collision
vA' = -2.3 E] = E2 + 1L2

vA' = 2.3 m/s 1L2 = E] - E2

vB' = 2.2 m/s

Ly = Cs mpvypamgy”) - Cangyy Bmgy
1L 1(.6)(42) +‘e(.9)(-2)gx

- \ul.6)(-2.3) + %(.9)(2.2{?x

L, = 2.84 4

172
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PROBLEM NS%O;

A ball is dropped onto a frictionless floor and allowed to bounce several
times as shown. Derive an expression for the coefficient of restitution
in terms (a) of the heights of two successive bounces h_ and h +1° (b)

of the lengths of two successive bounces d_and d

durations of two successive bounces tn and"tn+1. n+l’
VX; V_—»Initial horizontal and vertical
velocities.
V;; V! —»Horizontal and vertical after first | \\ ,”r\ N
bounce. e y VY T \
. | W,V W,
V;‘(; V! —»-Horizontal and vertical after second l/ 1 \LJ f
bounce. Ed, ded
m V' = eV
y y
Ve = Yy =
(a) Vertical Motion (b) tl.ﬁlime for first bounce
1 .2 tz.,Time for second bounce
mgh = 5 mV
o 27y 1
V. =,/ 2gh
y ° V= 903 t,)
V' =/ 2gh '
1 V' o= eV!
y y %y
V} = eVy .
euty Tty
tie1 © etn

e\/29h0 = /2gh1
- 2
h1 e h

Result can be expanded to
any two successive bounces.
2

hn+1 = e hn

_ hn+1
€ }f h
n

(8) of thé

Horizontal motion

o
1

V.t V.t
X

1 x4 1
dy = Vy tp = Vit
dx - .1.3.2_ - e
d t] -

d2 = ed1
dn+1 = ed
_ dn+1
&=
n



DYNAMICS PROBLEM N(g;);y

A ball is suspended by an inextensible cord. An identical ball A is
released from rest when it is just touching the cord and acquires a
velocity v_ before striking ball B. Assuming e = 1 and no friction,
determine the velocity of each ball immediately after impact.

(v

. ; ‘ vo
A)t = -V,c08 30° l
(VA)t Q |

Total momentum conserved
in horizontal direction

1]
Ny
<

Substituting for (v,')_ from
0 O/ / ! .g ( A )n
‘yﬁcz +,WECE = mAvA' + vaB' (2) into (1):
0 f m(vA')t cos 30 + m(vA‘)nsin 30- mvB' .433v, - .25vB'-vB' + .433v, =0
.5 (VA')n - Vg + (%vo) cos 30 =0 vg' = 0.693 Vo

5(vp'), - vg' + 433 v = 0 1y a'ly = 52y,

Relative velocities in normal direction

since e = 1 '5Vo
1 1 - - tan = “ED.,
(VA n - (VB )n B (VB)n (VA)n .32V,
- o
(vp'), + vg' sin 300 = V, oS 30° 43.9
vA' = 721 Vo
(va )n = .866 v, - 0.5 vg (2)

Angle of vA' w/ horiz. = 60° -
= 16.1°




DYNAMICS : PROBLEM Eiﬁglé)

Block A is released when 8, = 90° and slides without friction until it
strikes ball B. Knowing that e = .90, determine (a) the velocity of
B immediately after impact, (b) the maximum tension in the cord holding

B, (c) the maximum height to which ball B will rise.

® |

© K |
)
K . r@lo 4 ! 2 .75'.'\ - .m
— ‘ — I

Velocity of A before impact

mghy = %mvzz °
Vo = 3.8 m/s
(a) mpvp ¥ MgVp = mAvA' + vaB' _ (b) Max Tension occurs at

Towest positign of B

1(3.8) + 0 = ]VA' + 2vB' T . mg = ma

1 1 n
V' -V
..B A 2
.90 = Va - VB T=mlg+%) )
- (2.41)
9(308) = vBl - VAI . T &(9.8 + ——1—_—)
v ' T=31.2N
3.8 = vA' + 2(3.42 + vA') (c) Max height of B
2 _
vy' = -1.01 m/s % mv,” = mghg
v22
VB = 2.41 m/S h3 = -——2-—9-
L. 2
3 2(9.8
h3 =.3m




DYNAMICS PROBLEM (@/)

It is desired to drive the 200 kg pile into the ground until the resistance
to its penetration is 11760 N. Each blow of the 800 kg hammer is the result
of a 1.5 m free fall onto the top of the pile. Determine how far the pile
will be driven into the ground when the 11760 N resistance is achieved.
Assume that the impact is perfectly plastic.

Velocity of'Hammer
2
mgh = (1/2)mv
VZgh

VH 5.4 m/s

Impact (e=0)

Total momentum is conserved | 1 ~
' /-
m.Vy + mpVp = (mH + mP)v
0 Hammer and Pile move against ground
V' o= "VH +.9Py5? resistance
(myy + mp)
By v iy = Byt by
. _ 800(5.4
V =
800+ 1 5
F{my + mp)v'® + (my + mp)gd = 0 + R(d)
v' =4.32 m/s
%(800+200)(4.32)2+9.8(800+200)d=11760 d
1960 d = 9331.2
d=4.76 m



DYNAMICS - PROBLEM N 5/15

Two portions AB and BC of the same elastic cord are connected as shown.
The portion of cord BC supports a load W while, initially, the portion
AB is under no tension. Determine the maximum tension which will develop
in the entire cord after the stick DE is suddenly broken.

For cord of length L, cross-
sectional area A, and modules of
elasticity E, tension F for
elongation § fis:

_ A
F=T
. W= AE
Before Break: W =17,
Immediately After Break: ) w
AE |
Fo = ) (2)

Since 8 is same befo;e and
immediatelyqafter break, we . .
. s Since load is at rest
eliminate 8 from (1) & (2) immediately after break,
and again at max. deflection:
L-h ’
F ==—W (3) _ -
0 L E] = E2 0
Lets .be max. deflection Thus, E] * 1w2 - I52
following break: reduces to |Wy = 0

work of weight = mg 6
Wy = mg§-i(F+F, ) & = 0
work of elastic force = 172 8- 0  max

- F =2mg-F
5 (Fy + F ) 8 max 0

Recalling (3)

- L-h
Fmax = 2mg - = mg

=mg (2-1+ % )
F . = mg (]+b- )
max L
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A steel ball is projected onto the heavy metal plate with a velocity
of 17m/sec at the 30 angle shown. If the coefficient of restitution
between the ball and the plate is 0.5, compute the rebound velocity v'

and its angle 9'. , ly

The mass of the heavy plate may be @\\* | .

considered infinite and its
corresponding velocity zero after
impact. The coefficient of
restitution is applied to the
velocity components normal

to the plate in the direction

‘of the impact force and gives:

rel. vel. separation |,

€= rel. vel. approach

0.5 = 37 s?;n3go ¥ g» v sin 8' = 4,25 m/sec — . AmpacT.

Momentum of the ball in the x-direction is unchanged since, with assumed

smooth surfaces, there is no force acting on the ball in that direction.
Thus:

m (17 cos 300) =m( vicos 8') or v cos 8' = 14.7 m/sec

Solution of the two equations gives tan ' = 4.25/14.7;8' = 16.1°
andv ' = 4.25/sin 16.1° = 15.3 m/sec



