Engineering Mechanics - Dynamics Chapter 15

Problem 15-1

A block of weight W slides down an inclined plane of angle @ with initial velocity v,. Determine
the velocity of the block at time t, if the coefficient of kinetic friction between the block and the
plane is .

Given:
W=201Ib t1 =35

6 = 30 deg g = 0.25

ft ft
VOZZZ g=322—2

Solution:

t2
(\) valJer Fy dt = mvyp

t
0+ FNty —Weos(O)ty =0 Fn = Wcos(6) Fn = 17.321b
t2
() m(vyeg) + ZJ Fy dt = m(vyx2)
t

W . W
(E)VO + WSIH(H)t]_ - ukFNT = (E)V

Wvg + Wsin(@)tlg - ukFNT1 g
V =
W

ft
vV=294—
S

Problem 15-2

A ball of weight W is thrown in the direction shown with an initial speed v,. Determine the time

needed for it to reach its highest point B and the speed at which it is traveling at B. Use the principle
of impulse and momentum for the solution.

Given: B

W=2Ib 6 = 30 deg
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Solution:
wy) w vasin(6)
— |vasin(0) —wt=|— |0 t= —— t=0.280 s
g g
W W ft
E vAcos(e) +0= E Vy Vy = vAcos(e) Vg = 15.59;
Problem 15-3

A block of weight W is given an initial velocity v, up a smooth slope of angle €. Determine the

time it will take to travel up the slope before it stops.

Given:
W=5Ib
vo =10 —
S
0 = 45 deg
= 32.2 ft
g = oc >
S
Solution:
w . Vo
— vO—Wsm(H)t:O t=—
g gsin(6)

t=0.439 s

*Problem 15-4

The baseball has a horizontal speed v; when it is struck by the bat B. If it then travels away at

an angle @from the horizontal and reaches a maximum height h, measured from the height of
the bat, determine the magnitude of the net impulse of the bat on the ball. The ball has a mass
M. Neglect the weight of the ball during the time the bat strikes the ball.

Given:
M = 0.4 kg P
I
vi =35 —
h =50m T F
= lr'--\-\'
0 = 60 deg ;-'___Hk )
g =981 — l’
S W
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Solution:

Guesses

m
Vo =20 — Impx =1N-s Impy =10 N-s

S
Given
1 . .
EM(VZ sm(é’))2 = Mgh —Mv1 + Impy = Mva cos(e) 0+ Impy = Mvp sm(e)
V2
Imp i d( | | ) 6.2 m Impy 21.2 \
= Find(vy, Impy, Im vy = 36.2 — = S
X 2> 1MPx. MPy 2 S Impy 125
Impy
Impy
= 24.7N-s
Impy
Problem 15-5

The choice of a seating material for moving vehicles depends upon its ability to resist shock and
vibration. From the data shown in the graphs, determine the impulses created by a falling weight
onto a sample of urethane foam and CONFOR foam.

Units Used: f F(N)
ms = 10 ° s ..
Given: . urethane
F1=03N tg =2ms T conFoR
F) =04N tp =4ms , :
F3=05N t3=7ms . \
F4 =08N t4 =10ms
Fs = 12N t5 = 14 ms — : r \1 { (ms)
Solution:
CONFOR foam:

1 1 1
Ic = Etl F3+ E(Fg + F4)(t3 - tl) + EF4(t5 - t3)
Ic = 6.55N-ms
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Urethane foam:
1 1 1 1
lu = Etz F1+ E(FE, + Fl)(tg - tz) + E(F5 + F2)(t4 - t3) + E(tS - t4)F2

ly =6.05N-ms

Problem 15-6

A man hits the golf ball of mass M such that it leaves the tee at angle &with the horizontal and
strikes the ground at the same elevation a distance d away. Determine the impulse of the club C
on the ball. Neglect the impulse caused by the ball’s weight while the club is striking the ball.

Given:
M = 50 gm
6 = 40 deg v,
d=20m
—981 1
g=98l—
S
Solution: First find the velocity v,

m
Guesses vi =1— t=1s
S

Given 0= (—79),[2 +V1 sin(@)t d=vq cos(@)t

t _ m
= Find(t,vy) t=185s  vi=1411 — I d "
V1 S

Impulse - Momentum

0+ Imp=Mvy Imp = Mvq Imp = 0.706 N-s

Problem 15-7

A solid-fueled rocket can be made using a fuel grain with either a hole (a), or starred cavity (b), in
the cross section. From experiment the engine thrust-time curves (T vs. t) for the same amount of
propellant using these geometries are shown. Determine the total impulse in both cases.

Given:
T1a=4|b t1a=3s

Tip=81Ib tip=6s
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Toa=61b tic=10s I (1)
Ty,
tha =85 top =10 //\\
/
rl # \_R
Solution: \

(E ..\1
Impulse is area under curve for hole cavity. ‘ \x

1 1
la = T1atia + E(Tla + T1b)(tab — t1a) + Ele(tlc ~ t1p)

I'ilb)

lq = 46.001b-s
For starred cavity: T, \
\
1
lb = Toatoa + - T2a(tzh — t2a) \

Ip = 54.00 Ib-s k @9 \

() I,

*Problem 15-8

During operation the breaker hammer develops on the concrete surface a force which is indicated in the
graph. To achieve this the spike S of weight W is fired from rest into the surface at speed v. Determine
the speed of the spike just after rebounding.

Given: F{10% b
' 112.5 |
|
W = 2 Ib L)[p
v = 200 ft 67.5
S
it 45
. [k 2 ¢ (ms)
Solution: 0 01 02 03 04

1 _ .
| = (E x 90 x 10° Ib)(OA 10°3) 1-18001bs At = 04x10 3 s
([ e-wa(3) &) :
— V+ 1 -Wat=| — V' V' = v+ | — | —gat V' =89.8—
g g W S
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Problem 15-9

The jet plane has a mass M and a horizontal velocity v, when t = 0. If both engines provide a
horizontal thrust which varies as shown in the graph, determine the plane’s velocity at time t,.
Neglect air resistance and the loss of fuel during the motion.

Units Used:
(kM)
Mg = 10° kg
KN = 10° N
Given: ;
F=a+M
M = 250 Mg
m 1{s)
vg = 100 —
S
tt =15s
a = 200 kN
kN
b=2—
2
S
Solution:
t1
MVO+J a+bt2 dt = Mvy
0
ty
1 2 m
Vi = Vo +— a+bt dt vy = 121.00 —
M 0 S

Problem 15-10

A man kicks the ball of mass M such
that it leaves the ground at angle @with
the horizontal and strikes the ground at
the same elevation a distance d away.
Determine the impulse of his foot F on
the ball. Neglect the impulse caused by
the ball’s weight while it’s being kicked.

Given:
M=200gm d=15m

m
6 = 30 deg g:9.81—2
S
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Solution: First find the velocity v,
Guesses va =1 — t=1s
S ¥
. -g).2 . C/{
Given 0= > t™+ vAsm(H)t d= vAcos(e)t R 4
u'

t _ m
= Flnd(t,vA) t=1335s va = 13.04 —
VA S

Impulse - Momentum

0+1=Mva | = Mva | = 2.61N:s

Problem 15-11

The particle P is acted upon by its weight W and forces F, = (ai + btj + ctk) and F, = dt?i. If the
particle originally has a velocity of v; = (vy,i+vy,i+vy,K), determine its speed after time t;.

Given: z
ft
W=31Ib g =322 -
“ S
VlX = 3 - a = 5 Ib
S
Fy={F,i+F,j+F k)b
ft Ib
Vly =1— b =2 —
S S
ft Ib
Vlz = 6 - C = 1—
S S
Ib Foz 1.0 ¥
t1=28 d=l—2 2-{ EL" P
S
. X
Solution:
1 1 t1
mV1+J (F1+F2—Wk)dt:mV2 V2:V1+—J (F1+F2—Wk)dt
0 mJo
ty
ft
Vox = Vix + %J a+ dt2 dt voy = 138.96 —
0 S
t
Voy = vy + gjlbtdt Vou = 43.93 1
2y = Viy + — 2y = 49.95 —
w 0 S
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t
o ft
Vo7 = Viz + — ct—Wdt Vo; = —36.93 —
W g S

ft
vy = JVZXZ + V2y2 + V222 vy = 150.34 —
S

*Problem 15-12 F

The twitch in a muscle of the arm develops
a force which can be measured as a
function of time as shown in the graph. If
the effective contraction of the muscle lasts
for a time t,, determine the impulse

developed by the muscle.

Solution:

t
"0 -t — 0
t
Fo (?)eT dt=Fo(-to-T)e = +TFg

I:J0

_tO
to) 1
I =FoT|1-|1+—]e

Problem 15-13

vertical force on a runner’s foot as he strikes e

From experiments, the time variation of the 4;{:\)
/)

and pushes off the ground is shown in the F b T
graph.These results are reported for a 1-1b

static load, i.e., in terms of unit weight. If a T
runner has weight W, determine the .
approximate vertical impulse he exerts on the

ground if the impulse occurs in time ts. F.l

Striking | Pushing off

Units Used: - .

_ . f,f" S
ms:lO?’s i '3 [ |

Given:

£ ) {ms)

W =175 1b Y. 4 '3 fals

t1 =25ms t=210ms
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tpo =50ms t3 = 125 ms

tg =200 ms tg = 210 ms
Fo =301Ib F1=151b

Solution:
1 1 1
Area = Etl Fq+ Fl(tz — '[1) + Fl(t4 — t2) + E(t5 - t4)F1 + E(FZ - Fl)(t4 — '[2)

w
Imp = AreaE Imp = 70.21b-s

Problem 15-14

As indicated by the derivation, the principle of impulse and momentum is valid for observers in
any inertial reference frame. Show that this is so, by considering the block of mass M which rests
on the smooth surface and is subjected to horizontal force F. If observer A is in a fixed frame x,
determine the final speed of the block at time t; if it has an initial speed v, measured from the fixed

frame. Compare the result with that obtained by an observer B, attached to the x' axis that moves
at constant velocity vy relative to A.

. A X
Given:
. x
= m —
M = 10 kg vo =52 -
S
F=6N
vg = 2 m
tl =4s B = S o
S
Solution: p-»!i
Observer A:
F m
Mvg + Ft1 = Mvia ViA = Vo + M t1 vip = 7.40 —
S
Observer B:
F m
M(VO - VB) + Ft; = Mvip VIB = Vo — VB + (M)tl ViB = 540 —
S

Note that  via = V1B + VB

Problem 15-15
The cabinet of weight W is subjected to the force F = a(bt+c). If the cabinet is initially moving up

the plane with velocity v, determine how long it will take before the cabinet comes to a stop. F
always acts parallel to the plane. Neglect the size of the rollers.
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Given:

ft
W=4Ib vp=10—
S

ft
a=21I g¢=322-
S

1
b =- 0 = 20 deg
S
C = 1 _.-J'”J'H
Solution: Guess t=10s Given
t
w . .
(—)vo +J albr+¢) dzr— Wsin(9)t = 0 t = Find(t)  t=-0.069256619 s
9 0

*Problem 15-16

If it takes time t; for the tugboat of mass m; to increase its speed uniformly to v, starting from

rest, determine the force of the rope on the tugboat. The propeller provides the propulsion force
F which gives the tugboat forward motion, whereas the barge moves freely. Also, determine the
force F acting on the tugboat. The barge has mass of mj,

Units Used:
Mg = 1000 kg
KN = 10° N
Given:
tt =35s
my = 50 Mg
vi =25 km
1= hr
mp = 75 Mg
Solution:

The barge alone

Mp V1
0+ Tty = mpvy T=— T = 14.88kN
1
The barge and the tug
(m¢ + mp)va
0+ Fty = (mg+ mp)vy F=— F = 24.80kN
1
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Problem 15-17

When the ball of weight W is fired, it leaves the ground at an angle &from the horizontal and strikes
the ground at the same elevation a distance d away. Determine the impulse given to the ball.

Given:
W =041b /
d = 130 ft d
P
£y 8
6 = 40 deg A
= 32.2 ft
g = o 2 ) o
Solution: s T N
L I 1
Guesses vo =1— t=1s Imp =11lbs d
S
. -1 . W
Given Vo cos(e)t =d 7gt2 + Vo sm(@)t =0 Imp = (—)vo
g
Vo
. ft
t | = Find(vg,t, Imp) Vp=652—  t=26s  Imp=0810lbs
S
Imp

Problem 15-18

The uniform beam has weight W. Determine the average tension in each of the two cables AB
and AC if the beam is given an upward speed v in time t starting from rest. Neglect the mass of
the cables.

Units Used:

kip = 10° Ib Ap P

Given: A

fr
W= 50001 g =322~ /“j\k

|‘ a 'I‘ o "
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Solution:

O—Wt+2(

b Fapt (ij
———— |Fapt=| —
\/ a2 + b2 g

2 2

w b

Fag = | —v+wt|[ Y2 2 FaB = 3.64kip
g 2bt

Problem 15-19

The block of mass M is moving downward at speed v, when it is a distance h from the sandy

surface. Determine the impulse of the sand on the block necessary to stop its motion. Neglect
the distance the block dents into the sand and assume the block does not rebound. Neglect the
weight of the block during the impact with the sand.

Given:
M = 5 kg l
__D )
m
Vi =2 —
S
h=8m
h
- 981 1
g=>9 >
S
Solution:
. [ 2 m
Just before impact vo =.,/v1" +2gh vo = 12.69 —
s
Collision  Mvo —1=0 I =Mvy I = 63.4N-s

*Problem 15-20

The block of mass M is falling downward at speed v; B [:| l "

when it is a distance h from the sandy surface. Determine
the average impulsive force acting on the block by the sand
if the motion of the block is stopped in time At once the
block strikes the sand. Neglect the distance the block dents
into the sand and assume the block does not rebound.
Neglect the weight of the block during the impact with the
sand.
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Given:
M = 5 kg
m
vi=2— h=8m
s
m
At =09 s g:9.81—2
S
Solution:
. [ 2 m
Just before impact vo =.[v1" +2gh vo = 12.69 —
S
. Mva
Collision Mvy —FAt =0 F = e F=705N

Problem 15-21

A crate of mass M rests against a stop block s, which prevents the crate from moving down
the plane. If the coefficients of static and kinetic friction between the plane and the crate are s

and g4 respectively, determine the time needed for the force F to give the crate a speed v up

the plane. The force always acts parallel to the plane and has a magnitude of F = at. Hint: First
determine the time needed to overcome static friction and start the crate moving.

Given:
m
M = 50 kg 6 = 30 deg g:9.81—2
S
m
V = 2 _— /JS = 03
S
N =
a=300~ Hk=02
S
Solution:

Guesses t1 =1s Nc =1N tp=1s
Given Nc - Mgcos(e) =0

aty — usNc - Mgsin(@) =0

t2 ' -f"‘-.(
J (at - Mgsin(e) - ,uch) dt=Myv ‘1 =

tz | = Find(t1,t2,Nc) t1 =124 s th=1.93 s
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Problem 15-22

The block of weight W has an initial velocity v, in the direction shown. If a force F = {f;i + f,j} acts
on the block for time t, determine the final speed of the block. Neglect friction.

Given:
W=2Ib a=2ft f{=051Ib

ft
vi=10— b=2ft fp =021b

S
ft
g:32.2—2 c=5ft t=5s
S
Solution:
b AT v i
6 = atan e
c—a P ¥
ft ft
Guesses voy = 1 — voy =1 —
S S
Given

Or mE ) g
() ety (2]-(247)1

Problem 15-23

The tennis ball has a horizontal speed v; when it is struck by the racket. If it then travels away

at angle &from the horizontal and reaches maximum altitude h, measured from the height of the
racket, determine the magnitude of the net impulse of the racket on the ball. The ball has mass
M. Neglect the weight of the ball during the time the racket strikes the ball.

Given:
vi = 15 m
1= S 7 /
Xad

0 = 25 deg = //“ ¥
T e i

h=10m iR @ A !
i g .‘1|I_I -

M = 180 gm A

— 981 = vy
g =981 —
s
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: . . 2gh
Solution: Free flight vy sm(e) =4/2gh Vo = — (g vp = 33.14 m
sin S

NP

Impulse - momentum

~Mvq + Iy = Mvy cos(6) Ix = M(v2cos(6) +vq) Iy = 8.11N-s

0+ ly = Mvasin(6)

= 1+ 1 | = 8.49N-s

= Mvsysin(6) ly = 252N-s

=
|

*Problem 15-24

The slider block of mass M is moving to the right with speed v when it is acted upon by the
forces F, and F,. If these loadings vary in the manner shown on the graph, determine the speed

of the block at t = t;. Neglect friction and the mass of the pulleys and cords.

Given:
M = 40 kg o)
m B "
v=15—
S
t3 =65
F
tp =4s
F,
t1 =2s Fyr
F1
P71 = 10N Filr
P, =20 N Fyr
P3 =30 N P
1 1 Il:l:".:l
Py = 40N 0 f iy N
Solution: The impulses acting on the block are found from the areas under the graph.
I = 4|:P3 to + Pl(t3 - tg)] - |:P1t1 + P2(t2 - tl) + P4(t3 - tg)]
I m
Mv+1=Mv3 V3 = V+ — vz = 12.00 —
M S
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Problem 15-25

Determine the velocities of blocks A and B at time t after they are released from rest. Neglect
the mass of the pulleys and cables.

Given:
Wa=21Ib
AR A AR
Ty
Wg =41Ib
B ¥ i I\H\_-Jf_\ k]’i
t = 2 S —L—; b d
R
ft | |
g =322 — ALl
2
S
Solution:
2sp+2sg =L n
VA = —VB

Block A 0+ (2T - Wa)t = FvA
BlockB 0+ (2T - Wp)t = F(—VA)

Combining (W — Wa)t = (—

Problem 15-26

The package of mass M is released from rest at A. It slides down the smooth plane which is
inclined at angle @onto the rough surface having a coefficient of kinetic friction of 4. Determine

the total time of travel before the package stops sliding. Neglect the size of the package.
Given: A

M = 5 kg h=3m

m h
0 =30deg g =0981—

uk = 0.2

317

Chapter 15



Engineering Mechanics - Dynamics

Solution:
m Vi
On the slope vi =+/2gh vy =7.67 — t] = ——= t1 =156 s
S gsm(é’)
Vi
On the flat Mvy — uxkMgty =0 thp = — tp =391 s
Hkg

t=t1+1 t=547s

Chapter 15

Problem 15-27

Block A has weight W, and block B has weight Wg. If B is moving downward with a velocity
Vg at t = 0, determine the velocity of A when t = t;. Assume that block A slides smoothly.

Given: T,
A
Wp =101b g
Ak ! ity
Wg =31b . o=
ft .
vgg = 3 — S
S 4 1
tl =1s _(_,.-"I
s
ft |
g=322— _
32 WH
: ft
Solution: sp+2sg=1L VA = —2VB Guess vaj =1 — T=11b
S
Given
Wa Wa
g g
-Wp -Wg\( va1
Block B (—jVBO + 2Tty —Wgty = [_j(T
g g

VAL ft
( j = Find(va1,T) T=140lb  vpp =10.49—
T S
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*Problem 15-28

Block A has weight W, and block B has weight Wg. If B is moving downward with a velocity
vg; att = 0, determine the velocity of A when t = t;. The coefficient of kinetic friction
between the horizontal plane and block A is 4.

Given:
Wa =101b A il i
Sy
W _ 3 Ib 5 Jl. - | S
B Bl ﬁ [ C S
ft
VBl =3 — S
I 1
uk = 0.15 ) M
= B
t1 =1s L
ft
g=322— E
2
S
: ft
Solution: sp+2sg=1L VA = —2VB Guess vpp =1 — T=11b
S
Given

Wa Wa
Block A — |2vp1 + Ttg — uxWaty = | — |va2
9 g9

-Wpg -Wg(va2
Block B (_jVBl + 2Tt — Wty = —[T
g g

VA2 . ft
( j = Find(va2,T) T=150lb  vap =6.00—
T S

Problem 15-29
A jet plane having a mass M takes off from an aircraft carrier such that the engine thrust varies as
shown by the graph. If the carrier is traveling forward with a speed v, determine the plane’s airspeed
after time t.
Units Used:

Mg = 10° kg

KN = 10° N
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Given: F(kN)

M=7Mg t{=2s v

km . a—
V=40- =55 e
hr

Fi1 =5kN t=5s £
Fo = 15 kN _

Solution:
The impulse exerted on the plane is equal -
to the area under the graph. =

1 1
Mv + EFltl + E(Fl + Fz)(tz - tl) =Mvp

1
V] = V+ ml:':ltl + (F]_ + Fg)(tz - t]_)] vi1 = 16.11 %

Chapter 15

s}

Problem 15-30

The motor pulls on the cable at A with a force F = a + bt2. If the crate of weight W is originally at rest
at t = 0, determine its speed at time t = t,. Neglect the mass of the cable and pulleys. Hint: First find

the time needed to begin lifting the crate.

Given:
W =171b '.
a=301Ib
ki il
Ib
b=1—
2
S
tp =45
2 F
Solution:
1 2 T |
—(a+bt;"]-W=0
~(a+bu?)
2W - a
t1 = b t1 =2.00 s

t1

1 t2 W t2 ft
2 g 2

- a+bttdt—W(to —t1)=|— |v Vo = — a+bttdt—g(ty -t vo = 10.10 —

24[ (2 1) ( ) 2 2 2WJ 9(2 1) 2 S
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Problem 15-31

The log has mass M and rests on the ground for which the coefficients of static and kinetic
friction are x4 and g4 respectively. The winch delivers a horizontal towing force T to its cable at A

which varies as shown in the graph. Determine the speed of the log when t = t,. Originally the
tension in the cable is zero. Hint: First determine the force needed to begin moving the log.

Given: T (N)

M =500kg t; =3s
T,

=T H
us = 05 T1 = 1800 N L
m 5
Lk = 0.4 g - 081 = 3 Fs)
S
tp =5s
Solution:
2
: . to usMg
To begin motion we need 2T — | = usMg to = t1 tgp=248s
t 2 2Tq
1
Impulse - Momentum
t
1 2
0+ J 2T, (t—) dt + 2T1(t2 - '[1) - ukM g(t2 - to) =Mvy
1
to
t
! 2
T dt + 2T1(t2 - t1) — s Mg(t2 - o) m
VZ_MJ Uy 1tz - t1) — mMglt2 - o vy =765 0
S
to

*Problem 15-32

A railroad car having mass m; is coasting with speed v, on a horizontal track. At the same time
another car having mass m, is coasting with speed v, in the opposite direction. If the cars meet

and couple together, determine the speed of both cars just after the coupling. Find the difference
between the total Kinetic energy before and after coupling has occurred, and explain qualitatively
what happened to this energy.

Units used: Mg = 103 kg kJ-= 103 J

Given: m1 = 15 Mg mp = 12 Mg
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vi =15 — vp =075 —
S
Solution:
miviy —mav2 m
m1v1—m2v2:(m1+m2)v V=——-—""-— v=050 —
mq + my S
1 1
Ty = Smy v+ Sme e Ty = 20.25k]
1 2
Ty = E(ml + mg)v T2 = 3.38kJ
AT =To-Tq AT = -16.88kJ

~AT 100 - 8333 % loss
T1

The energy is dissipated as noise, shock, and heat during the coupling.

Problem 15-33

Car A has weight W, and is traveling to the right at speed v, Meanwhile car B of weight Wy is
traveling at speed vg to the left. If the cars crash head-on and become entangled, determine their
common velocity just after the collision. Assume that the brakes are not applied during collision.

Given:
A ]
Wp = 4500 Ib Wpg = 3000 Ib
ft ft ]
VA = 33— VB = 6 — s
S S g b
= 32.2 ft
g =322~
S
. Wa Wp Wa + Wp Wava —Wgvg ft
Solution: —lva-|—|vg=| ——|v Vs ———— v=-0.60—
g g g Wa + Wp s

Problem 15-34

The bus B has weight Wg and is traveling to the right at speed vg. Meanwhile car A of weight W, is
traveling at speed v, to the left. If the vehicles crash head-on and become entangled, determine their
common velocity just after the collision. Assume that the vehicles are free to roll during collision.
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Given:
ft
Wg = 15000 Ib vg =5 =
Wa = 3000 Ib v
=
VA = 4E f ] a
| ¥ - _
o =0 %
g =322~ 80,0 SR o WillS DT
S
Solution:
Wp Wa Wp + Wp Wgvg — Wava ft
— g |—lva=|——|v Ve ———~ 7 v=2350—
g g g Wp + Wp s

Positive means to the right,
negative means to the left.

Problem 15-35

The cart has mass M and rolls freely down the slope. When it reaches the bottom, a spring
loaded gun fires a ball of mass M, out the back with a horizontal velocity v, measured relative

to the cart. Determine the final velocity of the cart.

Given: {
e
M = 3 kg h=125m i
= m
M1 = 0.5 kg g =981 — /
Vb — O 6 m 32 4 5]
ER v y
Solution: = g = o
- - __,--‘j
vi =+/2gh '

(M +Mg)vy = My + My(ve — Vi)

M1
Ve = V1 + Y
C 1 M + My bc

m
Ve = 5.04 ?
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*Problem 15-36

Two men A and B, each having weight W, stand on the cart of weight W_. Each runs with speed v

measured relative to the cart. Determine the final speed of the cart if (a) A runs and jumps off, then
B runs and jumps off the same end, and (b) both run at the same time and jump off at the same time.
Neglect the mass of the wheels and assume the jumps are made horizontally.

Given:
Wy = 160 Ib A
WC = 200 Ib
ft
vV=3—
S
ft
g =322 — ©)] @]
2
S
. Wm We
Solution: My = — Mg = —
g g
(@) A jumps first
MmV ft
0= —mm(v - vc) + (mm + mc)vcl Vgl = ———— Vg1 = 0.923 —
Me + 2Mpy S
And then B jumps
MmV + (Mm + me)ver ft
(mm + mc)vcl = —mm(v — vcg) + Mc V2 Vo2 = e Vo2 = 2.26;
m C
(b) Both men jump at the same time
2mmV ft
0= —2mm(v - VC3) + McVe3 Vg3 = Py Ve3 = 1.85—
Mm + Mg S

Problem 15-37

A box of weight W/ slides from

rest down the smooth ramp onto
the surface of a cart of weight W,,.

Determine the speed of the box at
the instant it stops sliding on the
cart. If someone ties the cart to the
ramp at B, determine the horizontal
impulse the box will exert at C in
order to stop its motion. Neglect

friction on the ramp and neglect the |
size of the box. ﬁ
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Given:
ft
W1 =401b Wy =20 1b h =15 ft g:32.2—2
S
Solution:
v1 =+/2gh
W1 W1 + Ws W1 ft
—vy=|———|v Vo = | —— |v vy = 20.7—
g 1 g 2 2 Wi + Wo 1 2 3
W1 W1
—ivi—-Imp=0 Imp = | — (V1 Imp = 38.61b-s
g g
Problem 15-38
A boy of weight W, walks forward over the surface of
the cart of weight W, with a constant speed v relative to
the cart. Determine the cart’s speed and its displacement
at the moment he is about to step off. Neglect the mass .
of the wheels and assume the cart and boy are originally )
at rest.
Given: :
ft
W1 =1001b Wy =601Ib v=3-— d==6ft
S
Solution:
W1 W2 W1 ft
0=|— (vc+v)+ — V¢ Vg = ———V Ve = -1.88—
g g W1 +Ws S

Assuming that the boy walks the distance d

d
t = - SC = Vct SC = —375ft
Vv

Problem 15-39
The barge B has weight Wy and supports an automobile weighing W,. If the barge is not tied to the

pier P and someone drives the automobile to the other side of the barge for unloading, determine how
far the barge moves away from the pier. Neglect the resistance of the water.

325



Engineering Mechanics - Dynamics Chapter 15

Given:
Wpg = 30000 Ib = o o
W4 = 3000 Ib
I“
- LIITIIITIITIT Tl 2 @ & =
= 32.2 ft — =
g = oL >
S
Solution:
Wg Wy
mg = — Mg = —
g g

v is the velocity of the car relative to the barge. The answer is independent of the
acceleration so we will do the problem for a constant speed.

—-mgV
mBVB+ma(v+vB):0 Vg = ————
mp + Mg
d Mg d
t=— sg = —vgt sg = ——— sg = 18.18ft
v my + Mg

*Problem 15-40

A bullet of weight W, traveling at speed v, strikes the wooden block of weight W, and exits the
other side at speed v, as shown. Determine the speed of the block just after the bullet exits the

block, and also determine how far the block slides before it stops. The coefficient of kinetic
friction between the block and the surface is .

Given:
W1 =003Ib a=3ft A
. - 1 '_",..,’ ~h
Wo—10lp P=4T 4 ‘Eg N e
ﬁ C = 5 ft T =
v1 = 1300 — W,
S d=12ft
t i
vy = 50 3 Ltk = 0.5
Solution: N
¥
— V1 =|——|VB — V2
N
02 + d2 g a2 + b2
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Wq vid

Chapter 15

vo b

VB

:W—2

2

[\/Cz+d2_\/az+bZJ

1( W2
%27 - g -0

ft
VB = 3.48 z

2
VB

= d = 0.38ft
29k

d

Problem 15-41

A bullet of weight W, traveling at v, strikes the wooden block of weight W, and exits the other side at
v, as shown. Determine the speed of the block just after the bullet exits the block. Also, determine the

average normal force on the block if the bullet passes through it in time A4t, and the time the block
slides before it stops. The coefficient of kinetic friction between the block and the surface is 4.

Units Used: ms =10 s
Given: a;, ;
71 s -
Wi =0031b a=3ft f"}‘ =z
Wy =10 Ib b=4ft [ 9‘
uk = 0.5 c=5"ft
At =1 ms d =12 ft
ft
vi = 1300 — vo = 50 —
S S
Solution:
W,
le d W2V . le b
— V| YVF/— | T VBT V2| T —
g c2 + d2 g g a2 + b2 l
W1 v1d vo b ft
VB = W_ - VB = 3.48 — LN
2 \/c2 + d2 \/a2 + b2 * k
_le ¢ + (N w )At le 8 N
1 - W2 = V2] —T/—
g \ c2 + d2 g a2 + b2
W1 voa vicC
= — + +W» N = 503.791b
o [27 7 d
Wo VB
— |vg — uxkWot=20 t=— t=022s
g gk
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Problem 15-42

The man M has weight W), and jumps onto the boat B which has weight Wg. If he has a

horizontal component of velocity v relative to the boat, just before he enters the boat, and the
boat is traveling at speed vg away from the pier when he makes the jump, determine the resulting

velocity of the man and boat.

Given:
W = 150 Ib _Lon
S
Wpg = 200 Ib
= 32.2 E
v =3 E v 2
= S
S
Solution:
Wm Wg Wpm + Wp
—(v + VB) +—VB = v
g g g

WpmV + (WM + WB)VB
Vo=
Wnm + Wp S

Problem 15-43

The man M has weight W), and jumps onto the boat B which is originally at rest. If he has a horizontal

component of velocity v just before he enters the boat, determine the weight of the boat if it has
velocity v' once the man enters it.

Given:
Wp = 150 Ib
ft
V=3—
S
ft
V' =2 —
S
ft
=322 —
g=3 >
S
Solution:
W Wnm + Wp V-V
— V= — |V Wg = — (Wm Wpg = 75.00 b
g g v
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*Problem 15-44

A boy A having weight W, and a girl B having weight Wg stand motionless at the ends of the
toboggan, which has weight W,. If A walks to B and stops, and both walk back together to the

original position of A (both positions measured on the toboggan), determine the final position of
the toboggan just after the motion stops. Neglect friction.

Given:
?
Wa = 80 Ib ﬁ\
Wg = 65 Ib
N
Wi =20 1b ] B
- “l' -
d=4ft
Solution: The center of mass doesn’t move during the motion since there is no friction and
therefore no net horizontal force
Wgd
Wgd = (Wa + Wg + Wy)d' d=— d' = 1.581t
Wa + W + Wi

Problem 15-45

The projectile of weight W is fired from ground level with initial velocity v, in the direction

shown. When it reaches its highest point B it explodes into two fragments of weight W/2. If one
fragment travels vertically upward at speed v;, determine the distance between the fragments

after they strike the ground. Neglect the size of the gun.

Given:
W =101Ib B
va = 80 — - ';
vy =12 = f'f;
6 = 60 deg
g =322 — :

Solution: At the top V = va cos(@)
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. W W
Explosion (—)v =0+ (—)vz)(
g9 29
0= w V] — w v
“l2g)t \2g)¥

(VA sin(&))2
29

Kinematics h =

Given 0= (—79),[2 —voyt+h

h = 7453t

Find (t)

= V2Xt

Chapter 15

fit
Vax = 80.00

ft

Guess

t=1s

t=181s

d = 14491t

Problem 15-46

The projectile of weight W is fired from ground level with an initial velocity v, in the direction

shown. When it reaches its highest point B it explodes into two fragments of weight W/2. If
one fragment is seen to travel vertically upward, and after they fall they are a distance d apart,
determine the speed of each fragment just after the explosion. Neglect the size of the gun.

Given:
W =101b 6 = 60 deg
ft
va = 80 — g:32.2—2
S
d = 150 ft
Solution:
(vAsin(e))2
= 2
Guesses
ft ft
vi =1— voy =1 —
S S
i w
Given (—)vA cos(e) = (—)VZX
29
d = V2Xt

V2y:1

w |2

H

O—ﬂv+ﬂv
“\2g)t 29 )

1 2
0=h—-—gt + voyt
29 2y
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V1
V1 9.56
V2x . ft
= Find(v1,vox. vy, 1) t=187s vox | = 80.00 |—
Vo S
t
ft V2x ft
v = 9.56 — = 80.57—

Problem 15-47

The winch on the back of the jeep A is turned on and pulls in the tow rope at speed v,g. If
both the car B of mass Mg and the jeep A of mass M, are free to roll, determine their velocities
at the instant they meet. If the rope is of length L, how long will this take?

Units Used:
Mg = 10° kg
Given:
m
MA = 25 Mg Vre' = 2 —
S
Mg =125Mg L=5m
Solution:
m m
Guess va =1 — vg =1—
S S
VA
Given 0 = Mava + Mgvp VA — VB = Vel = Find(vA,vB)
VB
L VA 0.67 \ m
t=— t=250s = —
Vrel VB -1.33 S
*Problem 15-48 -

The block of mass M, is held at rest on the

smooth inclined plane by the stop block at A.
If the bullet of mass M, is traveling at speed
v when it becomes embedded in the block of
mass M, determine the distance the block

will slide up along the plane before
momentarily stopping.
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Given:
Ma =10kg  _ 390
S
Mp = 10 gm
6 = 30 deg
Mc = 10 kg
Solution:

Conservation of Linear Momentum: If we consider the block and the bullet as a system,
then from the FBD, the impulsive force F caused by the impact is internal to the system.
Therefore, it will cancel out. Also, the weight of the bullet and the block are nonimpulsive
forces. As the result, linear momentum is conserved along the x axis

MbeX = (Mb + Ma)VX

Mpvcos(6) = (Mp + Ma)vy

cos(&) m
Vw = Mp V| ——— vy = 0.2595 —
Mb + Ma S

Conservation of Energy: The datum is set at the block’s initial position. When the block and
the embedded bullet are at their highest point they are a distance h above the datum. Their
gravitational potential energy is (M, + Mp)gh. Applying Eq. 14-21, we have

0+%(|v|a+ Mp) vy = 0+ (Mg + Mp)gh P
,,f
Mz - z
1 [VXZJ bt | /
h=—-|— h = 3.43mm P
2\ 9 0, j
i | ¥ F
d=— d = 6.86 mm e
sin(6) I/"‘H

Problem 15-49

A tugboat T having mass my is tied to a barge B having mass mg. If the rope is “elastic” such that it

has stiffness k, determine the maximum stretch in the rope during the initial towing. Originally both
the tugboat and barge are moving in the same direction with speeds vy, and vg, respectively. Neglect

the resistance of the water.
Units Used:

Mg = 10° kg kN = 10° N
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Given:
km
mT:19 Mg VBl :10_
hr
km
mB:75 Mg VT1:15—
hr
kN m =
k=600 — g=98—
m 32

Solution:
At maximum stretch the velocities are the same.
Guesses V) =1 — o=1m

Given

momentum  MTVT1 + MBVRL = (m-|- + mB)VZ

1 2 1 2 1 2 1 52
energy EmTVTl + EmBVBl = E(mT + mB) Vo + Ek
V2 . km
= Find(v2, 8) Vo = 11.01— §=0221m
P hr

Problem 15-50

The free-rolling ramp has a weight W,. The crate, whose weight is W, slides a distance d from

rest at A, down the ramp to B. Determine the ramp’s speed when the crate reaches B. Assume
that the ramp is smooth, and neglect the mass of the wheels.

Given:

Wr=1201b a=3 , A

~ #
WC:8OIb b_4 :n'l @/’;
d =15 ft i :

g =322 Ez A /

S . -
Solution: \
a ; . .
0 = atan(—) : ] &
b
ft ft
Guesses Vp=1— vg=1—
S S
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Given
. 1(Wr) 2 1(We 2 Y
chsm(a) = E(Fj Vr + E(?j[(vr - vcrcos(a)) + (vcrsm(a)) }
W W
0= [—r)vr + (—Cj(vr - Ver cos(e))
g g
Vr . ft ft
= Flnd(Vr,Vcr) Vcr = 279_ Vr = 893_
Ver S S

Problem 15-51

The free-rolling ramp has a weight W,. If the crate, whose weight is W, is released from rest
at A, determine the distance the ramp moves when the crate slides a distance d down the ramp
and reaches the bottom B.

Given:

Wy =1201b a=3 A

We-81b P°=4 e v
q d=151t SN
g=322— . -
B A

Solution: kY o
a ]I; .f-.
6 = atan E @ &

Momentum

Wr WC WC
F Vr + ? (Vr — Ver COS( 9)) Vr = m COS(Q)VCT
Integrate

W
Sr = _° cos(e)d sp = 4.80ft
WC + Wr

0

*Problem 15-52

The boy B jumps off the canoe at A with a velocity vg, relative to the canoe as shown. If he

lands in the second canoe C, determine the final speed of both canoes after the motion. Each
canoe has a mass M. The boy’s mass is Mg, and the girl D has a mass Mp. Both canoes are

originally at rest.
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Given:
Mc = 40 kg
Mg = 30 kg
Mp = 25 kg
m
VBA =5 —
S
0 = 30 deg
Solution:
m
Guesses vpa =1 —

- Dynamics

m
ve =1—
S

Given 0 = Mcva + MB(VA + vBAcos(e))

MB(VA + VBACOS(H)) = (MC + Mp + MD)VC

vc

(VA] = Find(va, vc)

VA -1.86\ m
Ve L 078 ) s

A

Chapter 15

Problem 15-53

The free-rolling ramp has a mass M,. A crate of mass M, is released from rest at A and slides
down d to point B. If the surface of the ramp is smooth, determine the ramp’s speed when the

crate reaches B. Also, what is the velocity of the crate?

Given:
My = 40 kg
Mc = 10 kg
d=35m
0 = 30 deg
_ 981 2
g=29 >
S
Solution:
m
Guesses Ve =1—
S
Given

0+ Mcgdsin(e)

m
Vr:]._
S

—le2+le
—ch 2rr

335
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(vr + Ver cos(é’))2 + (Vcr sin(é’))2 = vcz

0= MrVr + MC(Vr + VchOS(H))

_ m Vr -1.101
vr | = Flnd(vc,vr,vcr) Ver = 6.36 < y = i
C .

|3

Problem 15-54

Blocks A and B have masses m, and mg respectively. They are placed on a smooth surface and the

spring connected between them is stretched a distance d. If they are released from rest, determine
the speeds of both blocks the instant the spring becomes unstretched.

Given:
k

ma=40ky d=2m l X i
#

N
mg = 60 kg kZISOE

. m m .
Solution: Guesses  vp =1 — vg = -1— Given
s s
momentum 0 = mava + mgvp
1 2 1 2 1 2
energy Ekd = EmAVA +EmBVB

(et (222

Problem 15-55

m|3

Block A has a mass M, and is sliding on a rough horizontal surface with a velocity v,; when it
makes a direct collision with block B, which has a mass Mg and is originally at rest. If the

collision is perfectly elastic, determine the velocity of each block just after collision and the
distance between the blocks when they stop sliding. The coefficient of kinetic friction
between the blocks and the plane is z4.

Given:

m
Ma =3kg g=0981— ¥a

Mg =2kg e=1 A B |

m
var =2 —  puk =03
S
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Solution:

Guesess
m m
vap = 3 — vg2 =5 — dp=1m
S S

Given ) )
VB2 — VA2
Maval = Mava2 + Mpvg2 eVA1 = VB2 — VA2 dp = W

VA2

) VA2 040\ m
VB2 | = Flnd(vAz,ng,dg) Ve = i) & do> = 0.951 m
do .

*Problem 15-56

Disks A and B have masses M, and Mg respectively. If they have the velocities shown,
determine their velocities just after direct central impact.

Given:

Ma = 2 kg val = 2

Mg = 4 kg Vg1 =5

m|3 m|3

e =04 A

e |

. m m
Solution: Guesses vap =1 — vg2 =1 —
s s

Given Maval — Mgvg1 = Mava2 + Mgvg2

e(VA1 + VB1) = VB2 — VA2

VA2 i d( ) VA2 —4.53
= Find(vao,V =
VB2 Az B2 VB2 -1.73

Problem 15-57

cn|3

The three balls each have weight W and have
a coefficient of restitution e. If ball A is
released from rest and strikes ball B and then
ball B strikes ball C, determine the velocity of \ el

each ball after the second collision has ‘-.R '

occurred. The balls slide without friction. N ol Y,

Given:
W=05Ilb r=3ft
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ft
e = 0.85 g=322—

2
S
Solution:
va =4/ 29r
Guesses
ft ft ft ft
va =1 — vg' =1 — vgr =1 — ver =1 —
S S S S
Given

(3= (5)

—|va =|— |va'+ | — |vB' eva = VB' — VA'

g g g

(5o
—|vg'=|—|vg"+|—|vc" evp =vc'—vp"
g g g

VA
VA 1.04
VB’ _ ft
= Find (VA- ,VB',VB", vC--) vgr | =| 096 |[—
vg" S
Ve

Problem 15-58

The ball A of weight W, is thrown so that when it strikes the block B of weight Wy it is

traveling horizontally at speed v. If the coefficient of restitution between A and B is e, and the
coefficient of kinetic friction between the plane and the block is g4, determine the time before

block B stops sliding.
Given:

Wa=1Ilb =04

ft
Wg =101Ib v =20—
S Y
_322 8 e o6 =)
g - . _2 e = . I'kil:__:_-'l"L l‘.‘
S : -
Solution:
ft ft
Guesses var =1 — vgy =1 — t=1s
S S
. Wa Wa Wp
Given — |Vv=|—|va2 +| — |VB? eV = VB2 — Va2
g g g
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Wg
R vB2 — ukWpt =10

VA2
Find( t) 2 (o0t t=023
v, = Find(va2, VB2, = — =0.23s
B2 Az, B2 Vg2 201 ) s
t

Problem 15-59

The ball A of weight W, is thrown so that when it strikes the block B of weight Wy it is

traveling horizontally at speed v. If the coefficient of restitution between A and B is e, and the
coefficient of kinetic friction between the plane and the block is g4, determine the distance

block B slides before stopping.
Given:

Wa=1Ilb =04

ft
Wg =101Ib v =20 —
S e
= 32.2 ft = 0.6 o
g - . _2 e=~0 I'\,il'__"_l_.-'-fl 5]
S
Solution:
ft ft
Guesses vao =1 — vg =1 — d=1ft
S S
. Wa Wa Wp
Given — |Vv=|—|va2 +| — |VB? eV = VB2 — Va2
g g g
1( W 2
5(_j vB2 - ukWpd =0
g
VA2
Find( d) e[k d = 033ft
v = Find(va2,vgB2, = — =0.
B2 A2, VB2 veo 201 1S

d

Problem 15-60

The ball A of weight W, is thrown so that when it strikes the block B of weight Wy it is

traveling horizontally at speed v. Determine the average normal force exerted between A and B
if the impact occurs in time At. The coefficient of restitution between A and B is e.

Given:
Wa=1Ilb =04
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Wg =101Ib v =20—
S
ft
g=322— e=06
32 —
A
At =002 s & B
Solution: TR e DT Y VT
ft ft
Guesses va2 =1 — vz =1 — FN =11b
S S
. Wa Wa Wg
Given — |Vv=|—|va2 +| — |VB? eV = VB2 — Va2
9 g 9
Wa Wa
— V- Fn4at = | —|va2
9 g
VA2
vg2 | = Find(va2,vB2, = — = 45,
A2,VB2,FN veo 201 )3 N
FN

Problem 15-61

The man A has weight W, and jumps from rest from a height h onto a platform P that has weight
Wp. The platform is mounted on a spring, which has stiffness k. Determine (a) the velocities of A and

P just after impact and (b) the maximum compression imparted to the spring by the impact. Assume
the coefficient of restitution between the man and the platform is e, and the man holds himself rigid
during the motion.

Given:
Ib T
Wa = 17510 Wp = 60 b k = 200 — e a
ft AT
ft AN
h = 8ft e=06 g=322- _,,r"g;d
_ S [l
Solution: h | AT
Wa Wp Wp B
g g k -
ft ft ; — F
Guesses valp = 1 — var =1 — ! :
s s

ft
vpp =-1— o6 =211t
S
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Given
1 2
energy Wah = EmAVAl
momentum —MAVA1 = MAVA2 + MpVp2
restitution eval = VA2 — Vp2
1 1 .2 1 2
energy Empva2 + Ekést = Ek(5+ 5st) - Wpo
VAL
VA2 i VA2 -13.43 ) ft
= Flnd(VAl,VAz,VPz,cS) = — 0 =261ft
vp2 vp2 —27.04 ) s
o

Problem 15-62

The man A has weight W, and jumps from rest onto a platform P that has weight Wp. The platform
is mounted on a spring, which has stiffness k. If the coefficient of restitution between the man and
the platform is e, and the man holds himself rigid during the motion, determine the required height h
of the jump if the maximum compression of the spring becomes &.

Given:
Wp =100Ib Wp =601b o =2ft T
T o
Ib ft |%
k =200 — =322 — e =06 -
oY 2 Vet
S Al
Solution: ’ M:f"“
_|lr | I|HI |
Wa Wp Wp ' [ =5
ma = — mp = — Sst = — B
g k -
ft ft || p
Guesses var =1 — vao =1 — o :
S S
vp2 =-1—  h =211t
S
Given
1 2
energy Wah = EmAVAl
momentum —MAVA1 = MAVA2 + MpVp2
restitution eval = VA2 — Vp2
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1
energy Emp Vp2
VAL
VA2 .
= Find(va1,Va2.Vp2.h)
VP2
h

1 1
2, Ek5st2 _ E|<52 — Wp(s - 5¢)

—7.04

VA2
vpy | \-17.61

ft
s

h = 4.82ft

Chapter 15

Problem 15-63

The collar B of weight Wy is at rest, and when it is in the position shown the spring is
unstretched. If another collar A of weight W, strikes it so that B slides a distance b on the

smooth rod before momentarily stopping, determine the velocity of A just after impact, and the
average force exerted between A and B during the impact if the impact occurs in time At. The

coefficient of restitution between A and B is e.

Units Used:  kip = 103 Ib

Given:

a=3ft
b=4*ft

At = 0.002 s
e =05

Solution:

ft
Guesses var = 1 —
S

Given

L
)
-]
o
A I:*_‘: a
-
-]
-
b = ’
| - |
| B
n B W\
W,
rf?ﬂ'f-i
Ty
*I’;;r,:d
a aiﬁ% ¥ .
Ty,
4| % A
b
N
ft
VA2:1Z vg2 =1 — F=11Ib
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Wa Wa
— |va1 — FAt = | — |va2
9 g9

VA1
VA2 .
= FInd(V/.\l »VA2,VB2, F)
VB2

F

ft
vap = —42.80 —
S

Chapter 15

F = 2.49kip

*Problem 15-64

If the girl throws the ball with horizontal velocity v,, determine the distance d so that the ball
bounces once on the smooth surface and then lands in the cup at C.

Given:
ft ft
va =8 — g =322 —
S 2
S
e =038 h=3ft
Solution:
h
tg = [2— tg =043 s
g
ft
VBy1 = 9B VBy1 = 13.902
ft
VBy2 = €VBy1l VBy2 = 11.122
2vpy2
tc = tc =0.69 s
g
d = A(tB + tc) d = 8.98ft

B

Problem 15-65

The ball is dropped from rest and falls a distance h before striking the smooth plane at A. If the
coefficient of restitution is e, determine the distance R to where it again strikes the plane at B.

Given:
h=4ft c=3
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ft i
e =038 d=4 g =322 >
S
Solution:
c
0= atan(a) 0 = 36.87 deg
ft
val =V 2gh val = 16.05—
S
VAln = VA1 cos(e) VALt = VA1 sin(@)
VA2n = €VAln VA2t = VALt
. ft
VA2x = VA2n sm(@) + vA2tcos(9) vaox = 13.87 —
S
. ft
VA2y = VA2n cos(e) - vAgtsm(e) VA2y = 2_442
Guesses t=1s R =10ft
. . —0).2
Given Rcos(@) = vaoxt -R sm(@) = (7} +Vvazyt

R
(t) = Find(R, 1) t=080s R = 13.82ft

Problem 15-66

The ball is dropped from rest and falls a distance h before striking the smooth plane at A. If it
rebounds and in time t again strikes the plane at B, determine the coefficient of restitution e
between the ball and the plane. Also, what is the distance R?

Given: '_
= = ﬁ
h=4ft c¢=3 g = 322 =
t=05s d=4 S
Solution:
c
0= atan(a) 0 = 36.87 deg
ft
VAL =/ 2gh val = 16.05—
S
VAL = Va1 cos(6) VALt = va1sin(6)
VA2t = VA1t
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ft
vaon =1 —
S

—Rsin(@) =

Guesses e =08 R = 10 ft
Given VA2n = €VA1n
VA2x = VA2nsin(6) + vaztcos(6)
Rcos(6) = vaxxt
e
R
VA2n = Flnd (e N R . VA2n , VA2X . VAZy)
VA2x
VA2y

ft

VA2y = 1 —

ft
vax = 1 —
S S

VA2y = VA2ncos(6) — vazsin(6)

—0.2
—1t + vaoyt
> A2y

R =723ft e = 0.502

Chapter 15

Problem 15-67

The ball of mass m,, is thrown at the suspended block of mass mg with velocity v, If the coefficient
of restitution between the ball and the block is e, determine the maximum height h to which the block

will swing before it momentarily stops.

Given:
mp=2kg mg=20kg e=08
Solution:
m m
Guesses va =1 — vg =1—
S S
Given
momentum MpVh = Mp VA + MBVR
restitution evh = VB — VA
1 2
energy —mgvg~ = mggh

2

VA

Find 0 VA ~2.55
vg | = Find(va, VB, =
B A-TB VB 0.65

h

m

g =981

| 3

P

s

h =21.84mm
S

*Problem 15-68

The ball of mass m,, is thrown at the suspended block of mass mgwith a velocity of v, If the time of
impact between the ball and the block is At, determine the average normal force exerted on the block
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during this time.

Given: kN = 10° N B
m m X
mp = 2 kg Vp =4 — g =1981—
S 2
S
mg =20kg e =08 At = 0.005 s :
a . i X 2
Solution: — r;_ﬂ
B h
m m
Guesses va =1 — vg=1— F=1N 9
s s
Given
momentum Mp Vg = MpVa + MBVR
restitution eVp = VB — VA

momentum B 0 + FAt = mgvpg

VA
vg | = Find(va.vg.F) bl F = 2.62kN
B A-TB VB 0.65 ) s '

F

Problem 15-69

A ball is thrown onto a rough floor at an angle 6. If it rebounds at an angle ¢ and the coefficient of
kinetic friction is 4, determine the coefficient of restitution e. Neglect the size of the ball. Hint:
Show that during impact, the average impulses in the x and y directions are related by I, = x4,

Since the time of impact is the same, F At = uF At or F, = uF,.

Solution:
evy sin(&) =V sin(¢) Q 1
V2 sin(6) _-"{ )
almg) o f*

(i) ) mvp cos(e) — Fydt = mvy cos(¢)

mvy cos(6) — mvy cos(¢) [2]
At

FX:

(+) mvy sin(6) — Fydt = —mvy sin(¢)
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mvq sin(@) + mvy sin(¢)
At

Fy =

Since F, = uF,, from Eqs [2] and [3]

mvq cos(e) - mvy cos(¢) y(mvl sin(e) + mv25in(¢))

[3]

At

E _ cos(e) —ysin(@)
vi usin(g) + cos(¢)

Substituting Eqg. [4] into [1] yields:

_ sin(¢)(cos(9) - ysin(@)j
sin(e) ,usin(¢)+cos(¢)

At

[4]

Chapter 15

Problem 15-70

A ball is thrown onto a rough floor at an angle of &, If
it rebounds at the same angle ¢, determine the
coefficient of kinetic friction between the floor and the
ball. The coefficient of restitution is e. Hint: Show that
during impact, the average impulses in the x and y
directions are related by I, = l,. Since the time of

impact is the same, F,At = uF Ator Fy = uF,

Solution:
evy sin(6) = V2 sin(¢)

V2 sin(@)
wdhg)
(i) ) mvp cos(e) — Fydt = mvy cos(¢)

mvq cos(6) — mvy cos(g)
At

FX =
(+¥) mvy sin(6) — Fydt = —mvy sin(¢)

mvq sin(@) + mvy sin(¢)

F =
y At
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Since F, = uF,, from Egs [2] and [3]

Substituting Eq. [4] into [1] yields: e =

Given

Given

mvy cos(6) — mvacos(g)  u(mvysin(6) + mvosin(g))

e =

At

2 B cos(e) —ysin(@)

vi usin(g) + cos(g)

sm( %)

At

[4]

sin(0)

6 =45deg ¢ = 45 deg = 0.6

sin(¢) (cos(@) - usin(@))
sin(e) ,usin(¢) + cos(¢)

cos(
usin(

Guess

p = Find(u)

f;:z 4

=02

1 =025

Chapter 15

Problem 15-71

The ball bearing of weight W travels
over the edge A with velocity v,.

Determine the speed at which it
rebounds from the smooth inclined
plane at B. Take e = 0.8.

Given:

W =021Ib 6 = 45 deg

ft ft e =08

VA = 3 — g =322~

Solution:

Guesses

Given

S S

=+

ft
V51x=1§ V|31y=1§ veon = 1 —

t=1s R=1ft

VB1x = VA vat = RCOS(H)

=+

S

—719,[2 =-R sin(H) VB1y = —gt

vg1xC0s(6) — vg1ysin(6) = vaot

348
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e(—VBlyCOS(H) - VBlXSin(H)) = VB2n

VB1x
VB1y
VB2n

= Find(vB1x, VB1y.VB2n.VB2t. 1, R)
VB2t

VB2n 1.70 ) ft
VB2t 1636 s

Chapter 15

VB1x 3.00 \ ft
VB1ly ~\-6.00) s
t=0.19s

R =0.79ft

VB2n
VB2t

=6.59—

*Problem 15-72

The drop hammer H has a weight W, and falls from rest h onto a forged anvil plate P that has a
weight Wp. The plate is mounted on a set of springs that have a combined stiffness k;. Determine

(a) the velocity of P and H just after collision and (b) the maximum compression in the springs
caused by the impact. The coefficient of restitution between the hammer and the plate is e.

Neglect friction along the vertical guideposts A and B.

Given:
Ib
WH =900 Ib kt = 500 T
ft
Wp =5001b ¢ =322 -
S
h =3ft e =06
Solution:
Wp
Ost = = VH1 =+/2gh
T
Guesses
ft ft
VH2 =1 — vpp =1— o6=2ft
S S

eVH1 = VP2 — VH2

349
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1 2 1(Wp 2 1
EkT&st +E(?jVP2 :EkTéz—WP(é‘—é‘st)

VH2
Find( 5) i > | = 3521t
Vv = Find(vH2, VP2, = — = 3.
P2 H2. P2 Vp2 1430 ) s

S

Problem 15-73

It was observed that a tennis ball when served horizontally a distance h above the ground strikes the
smooth ground at B a distance d away. Determine the initial velocity v, of the ball and the velocity

vg (and @) of the ball just after it strikes the court at B. The coefficient of restitution is e.

Given:
h=75ft A V4

d=20ft 9
Y .
e = 07 )

=322 —
J 2 L I., i
S
Solution:
ft ft
Guesses vp =1 — vgy =1 —
S S

ft
vBy1 =1— 6 =10deg t=1s
s

1
Given h= Egt2 d=vat

eVBy1 = VB2 sin(@) VBy1 = gt

VA = VB2 cos(e)
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VA

fit ft
VBy1 | = Find(va,t,vgy1,V82, 6) VA = 29.30 VB2 = 3310~ 0= 27.70deg

VB2

Problem 15-74

The tennis ball is struck with a horizontal velocity v,, strikes the smooth ground at B, and bounces
upward at &= 6,. Determine the initial velocity v,, the final velocity vg, and the coefficient of
restitution between the ball and the ground.

Given:
h =75 ft A"
d=20ft f?) /

e fi
61 = 30 deg ﬁ

fi
g =322~
S

Solution: 0 =01

ft ft ft
Guesses vp =1 — t=1s vBy1 = 1 — vgg =1— e =05
s s s
. 1 2
Given h= Egt d=vat VBy1 = gt
€VBy1 = VB2 Sin(@) Va = VB2 COS(H)
VA
t
; ft ft
VBy1 | = Find(va,t,vBy1,VB2.€) v = 29.30 — Vgy = 3384— e=077
s s
VB2
e

Problem 15-75

The ping-pong ball has mass M. If it is struck with the velocity shown, determine how high h it
rises above the end of the smooth table after the rebound. The coefficient of restitution is e.
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Chapter 15
Given:
M =2gm a=225m
T
e =08 b=075m 1 A
T 'I'l'
_ m —a = -~ — b —
0 = 30 deg g=981 2 .
2 H
S
v =18 —
s
. m m m m
Solution: Guesses  vix =1 — iy =1—  wvx=1— voy =1 —
s s s s
tp=1s th=2s h=1m
Given Vix = vcos(e) a= vcos(e)tl Viy = gty + vsin(e)
g), 2
V2x = Vix evyy = Voy b =vaxt2 h=vpyty - S
Vix
V]_y
Vix 15.59
V2x
Fing ( - h) Viy 10.42 | m t 0.14
voy | = Find(v1x, V1y, Vox, Vay, t1,t2, = — = s
2 x> My T2x- T2y» 172 Vox | | 1559 | s to 0.05
t
Voy 8.33
2
h h = 390 mm

*Problem 15-76

The box B of weight Wy is dropped from rest a distance d from the top of the plate P of
weight Wp, which is supported by the spring having a stiffness k. Determine the maximum
compression imparted to the spring. Neglect the mass of the spring.

352



Engineering Mechanics - Dynamics Chapter 15

. ft |
Given: Wg=5Ib Wp=10Ilb g =322 - [ F—]
S
Ib
k=30— d=>5ft e =06
ft
Solution:
Wp
Ost = — vB1 = v 29d P !
k —
i |
ft et
Guesses vgg =1— wvpp=1— Ss=2ft N —
s s
. Wg Wg Wp
Given — |vB1 =|— |vB2 + | — |vpP2 eVB1 = Vp2 — VB2
g g g

w
lk(;stz + %(ij Vpy? = %k&z ~ Wp(5 - 84t)

VB2

Find 5) e 5= 1311t
v = Find(vgs,Vvpy, = — = 1.
P2 B2. VP2 wor ) = o57 )5
5

Problem 15-77

A pitching machine throws the ball of weight M towards the wall with an initial velocity v, as

shown. Determine (a) the velocity at which it strikes the wall at B, (b) the velocity at which it
rebounds from the wall and (c) the distance d from the wall to where it strikes the ground at C.

Given:
M=05kg a=3m

m
vAzlo? b=15m n _.Iﬁ-/‘;:'__r'.

hH

7 ﬁ\\/ 0
0=30deg ©°~ 0.5 f 7| .
m i [ 1 ‘ A
g = 9.81 —2 Lt 1k | 1

S - o |
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Solution:  Guesses
m m
vexl = 1 — VB2 = 1 —
S S
V =1 m vV =1 m
Byl = S By2 = S
h=1m d=1m
t1 =1s tp=1s
Given

VA COS(H)tl =a

VBy2 = VBy1 vasin(6) - gt1 = vay1

1.2
d = vpyoto h+VBy2t2—59t2 =0

vacos(6) = vgx1 eVBx1 = VBx2

VBx1
VBy1
VBx2
VBy2

t1
o

= Find(vBx1.,VBy1.VBx2. VBy2. . 11,12, d)

b+ VASin(H)tl - %g'[]_2 =h

VBx1 m

=881 —

VByl S

VBx2 m

= 462 —

VBy2 S
d=396 m

Chapter 15

Problem 15-78

The box of weight W, slides on the surface for which the coefficient of friction is 4. The box has
velocity v when it is a distance d from the plate. If it strikes the plate, which has weight W, and is

held in position by an unstretched spring of stiffness k, determine the maximum compression

imparted to the spring. The coefficient of restitution between the box and the plate is e. Assume that
the plate slides smoothly.
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Chapter 15
Given: ;
LS I.
Wb =201b Wp =101b .'* g I" In II_
.__. f | |
Ib —A M?\N
uk = 0.3 k=4OOF : | i i
ft - d -
v =15 — e =08
S
ft
d=2ft g =322 -
S
Solution:

ft ft ft
Guesses Vpp = 1 — Vpo =1 — Vo2 =1— o6=11
S S S

_ 1(Wh) » 1(Wp) > Wy Wp Wp
Given —|— |V = ukWpd = =| — |vp1 — Vb1 = | — Vb2 + | — |Vp2
2\ g 2\ ¢ g g g

1( Wp 2 1
eVp1 = Vp2 — Vp2 E(?j Vp2 = Ekéz
Vb1
Vb1 13.65
Vb2 _ ft
= Find(v1, Vb2, Vp2. J) Vo2 | =| 546 | 5 = 0.456 ft

V

P2 vp2) \16.38

5

Problem 15-79

The billiard ball of mass M is moving with a speed v when it strikes the side of the pool table at
A. If the coefficient of restitution between the ball and the side of the table is e, determine the

speed of the ball just after striking the table twice, i.e., at A, then at B. Neglect the size of the
ball.
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Given:
M = 200 gm
v=25—
S
0 = 45 deg
e =06
Solution:
Guesses
m m
vo =1 — 6> = 1deg vg =1 — 63 = 1deg
S S
Given evsin(e) = Vo sin(&g) vcos(e) = Vo 003(02)
evo 003(02) =v3 sin(93) Vo sin(@g) = V3 cos(93)
V2
v3 _ V2 2.06\ m ) 31.0
= Find(v2.,v3, 62, 63) = — = deg
6> V3 150/ s 03 45.0
03
m
vz = 1.500 —
S

*Problem 15-80

The three balls each have the same mass m. If A is released from rest at 6, determine the angle
¢ to which C rises after collision. The coefficient of restitution between each ball is e.

Solution:

Energy
2

0+ I(l - cos(Q))mg = %va

vp = \/211 - cosi@”gl

Collision of ball A with B:

1
mva + 0 =mv'a + mv'g eva = Vg — VA V'B :E(1+e)v'B

Collision of ball B with C:
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: " " . " " w1 2
mv'g + 0 = mv'g + mv'c evg =V'c - V'B Vsz(l+e) va

Energy

%mv"c2 +0=0+ I(l - cos(¢))mg %(%) (1+ e)4(2)(1 - cos(e)) = (1 - cos(¢))

(1;ej4<1-cos<e>> 1ocosly)  g- aco{l—(¥j4<l—cos<e>ﬂ

Problem 15-81

Two smooth billiard balls A and B

each have mass M. If A strikes B with V
a velocity v, as shown, determine their -
final velocities just after collision. Ball A

B is originally at rest and the y
coefficient of restitution is e. Neglect /

the size of each ball.

Given: -~y hY:
Bt ——1 ¥
M = 0.2 kg ‘
6 = 40 deg
m
vp =15 —
S
e = 0.85
. m m
Solution: Guesses vap =1 — vg2 =1 — 6> = 20 deg
s s
Given -M vAcos(H) = Mvg2 + Mvao 003(92)
eva COS(H) = VA2 008(02) - VB2
VASin(H) = VA2 Sin(Hz)
VA2
v Find( 6) 6> = 95.1d "2 0998 ) m
B2 | = Find(va2,VB2, =95.1de = =
A2-7B2. 72 2 2 VB2 -1.063 ) s
02
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Problem 15-82

The two hockey pucks A and B each have a mass M. If they collide at O and are deflected
along the colored paths, determine their speeds just after impact. Assume that the icy surface
over which they slide is smooth. Hint: Since the y' axis is not along the line of impact, apply
the conservation of momentum along the x' and y" axes.

Given:
M = 250 g 61 = 30 deg
m
vi =40 — 6 = 20 deg % L2
S | %
m .H,\\i-ﬂl ; @,
Vo = 60 — 63 = 45 deg L o
S ‘?, i
) g\ A U
Solution: o Ik
i
Initial Guess:
m m
VA2 =5 — vB2 =4 —
S S
Given

Mvy 005(93) + Mvq cos(@l) = Mvpo cos(@l) + Mvpg2 cos(eg)

—Mvs Siﬂ(@g) + Mvy sin(6’1) = Mva2 sin(@l) - Mvgo sin(6’2)

VA2 _ VA2 6.90 \ m
= Find (VA2 , VBZ) = —
VB2 VB2 75.66 ) S

Problem 15-83

Two smooth coins A and B, each having the same mass, slide on a smooth surface with the
motion shown. Determine the speed of each coin after collision if they move off along the dashed
paths. Hint: Since the line of impact has not been defined, apply the conservation of momentum
along the x and y axes, respectively.
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Given:
ft Yz
var = 0.5 — )
S YAl
ft "’Il{
vgr = 0.8 — 4 ., =
S b _ o @ i#

a = 30 deg -
T = X
B = 45 deg @y 0N
L
7 = 30 deg Y\
/ B A Vil

R

d=3

Solution:
ft ft
Guesses vgy = 025 — vpp =05 —
S S

Given

—VAl[;j —vg1sin(y) = ~vazsin(B) - vz cos(a)

N, % + ¢
_vAl[ﬁj +vp1 COS(;/) = Va2 cos(ﬁ) - VB2 sin(a)
VA2 _ VA2 0.766 ) ft
= Find (VA2 , VBZ) = =
VB2 VB2 0.298 ) s

*Problem 15-84

The two disks A and B have a mass M, and Mg, respectively. If they collide with the initial
velocities shown, determine their velocities just after impact. The coefficient of restitution is e.

Given:
MA =3 kg "',l.!.’/

=l = -
Mg =5 kg A e AR ;\'\.
4 i Y, /8 N Line ¢f impac
=l /¢ | Line ofimpact
0 = 60 deg ._ I |
"'\. _,J \
\___ o \'k\ . 4
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m
VAL =6 —
S
e = 0.65
. m m
Solution: Guesses  vp2 =1 — vg2 =1 — 6> = 20 deg
S S
Given

Maval — MpvB1 cos(6) = Mava2 + Mgvg2 008(02)

e(vA1 + VBl COS(H)) = VB2 005(92) — Va2 VB1 Siﬂ(@) = VB2 Sin(Hz)
VA2
v Find 0,) 6, = 68.6d " [_&Soj il
B2 = FIna(v , V] , =) . e = _
A2,VB2, 02 2 g Va2 6.51 3
02

Problem 15-85

Two smooth disks A and B each have mass M. If both disks are moving with the velocities shown
when they collide, determine their final velocities just after collision. The coefficient of restitution is e.

.1I '

Given: -,
LA
M = 0.5 kg c=4 vpp =6— -—
' () .
n L f o '
e = 0.75 d=3 vg =4— verd A
s -
B-- 1
Solution: Q/

Guesses
m m

vap =1 — vgg =1 — 6p =10deg &g = 10 deg
S S

Given va1(0) = va2 sin(ﬁA) VBl(;j = Vg2 sin(&B)

\/c2+d2

d
MVB]_[—2 2} - Mva1 = Mva2 COS(@A) - Mvp2 COS(HB)
c +d

d
e|:VA1 + VB{Wﬂ = VA2 COS(HA) + VB2 COS(@B)

360



Engineering Mechanics - Dynamics Chapter 15

VA2

VB2 i ( . ) on 0.00 ; VA2 1.35) m
= Find(va2,vB2, OA, = e = ——
o Az, TB2,7A- 7B 0 32.88 g VB2 589 ) s

oB

Problem 15-86

Two smooth disks A and B each have mass M. If both disks are moving with the velocities shown
when they collide, determine the coefficient of restitution between the disks if after collision B travels
along a line angle & counterclockwise from the y axis.

Given:
m (tia)
M = 0.5 kg c=4 vpp =6— -—
> r M 1
m o f o '
g =30deg d=3 vgy =4— NE A A
S fd &
Solution: b
Guesses /
)y
m m
vap =2 — vg2 =1 — 6p = 10 deg e =05
S S
. . C
Given vp10 =va2 Sln(ﬁ/_\) VB1l| —/——| = VB2 COS(HB)
¢® +d?
d .
MvB1| ——| — Mva1 = Mva? COS(@A) - MVstln(HB)
v ¢® +d?
d .
€ VA1 + VB1| —— || = VA2 COS(HA) + VB2 sm(&B)
¢® +d?
VA2
VB2 ) VA2 -1.75\ m
= F|nd(vA2 ,VB2, 6, e) = — e = 0.0113
On VB2 3.70 ) s
€

Problem 15-87

Two smooth disks A and B have the initial velocities shown just before they collide at O. If they
have masses m, and mg, determine their speeds just after impact. The coefficient of restitution is e.
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Given:
m
vpa = 7 — ma = 8 kg c=12 e=05
s
m
vg =3 — mg = 6 kg d=5
s
. d
Solution: 6 = atan| — 6 = 22.62 deg
c
m m
Guesses vaot = 1 — vaon = 1 —
s s
m m
ve2t = 1 — vean = 1 —
s s
Given
vgcos(6) = vgoy ~vacos(6) = vaz
vaBsin(H) - mAvAsin(H) = MBVB2n + MAVA2n
e(vB + VA) Sin(H) = Va2n — VB2n
VA2t VA2t
VA2n ) VA2n
= Find(va2t, VA2n VB2t > VB2n)
VB2t VB2t
VB2n VB2n
2 2 m
VA2 = +/VA2t" +VA2n VA2 = 6.47 N
2 2 m
VB2 =+/VB2t +VB2n vg2 = 3.50 N

6.46
022 | m
277 | s
214

Chapter 15

*Problem 15-88

The “stone” A used in the sport of curling slides over the
ice track and strikes another “stone” B as shown. If
each “stone” is smooth and has weight W, and the
coefficient of restitution between the “stones” is e,
determine their speeds just after collision. Initially A has
velocity v,; and B is at rest. Neglect friction.

. ft
Given: W =471b vpL =8—
S

e =038 6 = 30 deg
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Solution:
Guesses  vpzt =1 5 vaon =1 N
VBZt:lE vB2n =1 —
S S
Given Va1 sin(6) = va 0 = vB2t
Va1 c0s(6) = vazn + Ve2n
eva1 cos(6) = van - vazn
VA2t VA2t 4.00
e Find (va2t. VA2n, VB2t VB2n) e | _joes i
VB2t VB2t 0.00 | s
VB2n VB2n 6.24

2 2 ft
VA2 =/ Vp2t~ + VA2n Va2 = 4-06§
2 2 ft
VB2 =/ VB2t + VB2n VB2 = 624;

Problem 15-89

The two billiard balls A and B are originally in contact
with one another when a third ball C strikes each of
them at the same time as shown. If ball C remains at
rest after the collision, determine the coefficient of
restitution. All the balls have the same mass. Neglect
the size of each ball.

Solution:

Conservation of “x” momentum:

mv = 2mv' cos(30 deg)

v = 2v' cos(30 deg) (1)
Coefficient of restitution:

\Y

= vcos(30 deg) 2

Substituiting Eq. (1) into Eq. (2) yields:
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V'
e = e =

2v' cos(30 deg)2

w| N

Problem 15-90 -

Determine the angular momentum of particle
A of weight W about point O. Use a Cartesian

vector solution. i
Given:
W=2Ib a=3ft
vy =12 8 b=2ft
S
c=2ft
ft
g = 32.2 —2 d =4 ft X
S
Solution:
—C c
v
ropo =|a+b rph=|-b VAy = VA—
vl
d —d
-1.827 2
ft
Ho = roa x (WVAV) Ho =| 0.000 |slug-—
S
-0.914
Problem 15-91
Determine the angular momentum H of the
particle about point O.
M
. @—
Given: 7
v
M = 1.5 kg o d
m e
V=6— // 1
S r iy
B /
a=4m - £ y
S~ a e b o '
b=3m
c=2m
X
d=4m

364



Engineering Mechanics - Dynamics Chapter 15

Solution:
—C c
r'AB
ron =|-b rag = | —a va = Vﬁ
d _d AB
42.0 2
kg-m
Hpo = roa x (MVA) Ho=| 0.0

*Problem 15-92

Determine the angular momentum H of each of the particles about point O.
Given: 6 = 30 deg ¢ = 60 deg

ma = 6 kg c=2m . . .

mg = 4 kg d=5m i 90—
.-'!I\r,f)
mc =2k o _om Vy
_4m
VA =52 f=15m b

vg = 6

m|3
«Q
Il
(2}
3

m
ve=26— h=2m ; -

b=12m n=12 Vi

Solution:
kg-m2
Hao = amAvAsin(¢) - bmAVACOS(¢) Hao = 22.3
S
kg-m2
Hgo = —meVBCOS(H) + evaBsin(H) Hgo = -7.18
S
n | kg-m2

Hco = -hmg| ——— |v¢ - gm¢| — |V Hco = -21.60

2 2 2 2 S

I +n " +n
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Problem 15-93

Determine the angular momentum Hp, of each of the particles about point P.

Given: 6 = 30 deg ¢ = 60 deg a=8m f=15m
= m = =
mp = 6 kg vp =4 b=12m g=6m
S
m c=2m h=2m
mg = 4 kg vg = 6 —
S d=5m | =5
= m
mc =2k L _26™ e_om n=12
S
Solution: .
ol -
- |'||.|_l|
Hap = mavasin(g)(a—d) —mavacos(g)(b-c) "o ,
A \r,f)
2
kg-m '
Hap = —57.6 2 H
S
b
Hgp = vaBcos(e)(c— f) + vaBsin(e)(d +€) L& ¥y
P B /(r'
kg m’ T 0=
Hgp = 944 S ! ) O mg L f 1
— Lo -
n I Vi bt e
Hcp = -mc| ———== |vc(¢ + h) - m¢| ——— |vc(d +9) ,/
2 2 2 2 v
I +n I”+n i
2
kg-m
Hcp = —41.2 E
S
Problem 15-94
. ﬂq_]i-
Determine the angular momentum H s
of the particle about point O. f /
Given: T , "
W=10lb d=9ft § o ]
_____,-"“--_q_.#:-:' . . J
ft - f ’
v=14— e =8 ft P i Py
S _..}_J:?,,e —
a=5 .I:t f =1 ft !:____.-' J___,--""-'J. f._,-"'h.?---h__' '
b=2ft g=5ft e ey
—— ".J-‘G h 'f’."
c=3ft h==6ft
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Solution:
—f f+e
roa =| 9 rap=|d-g
h —-h
-16.78 2
rAB ft
va =V Ho = roa x (WVA) Ho=| 1492 |slug-—
|rAB| -23.62 °

Problem 15-95

Determine the angular momentum H;, of the particle about point P.

Given:
W =10 1b d=09ft | A
W
ft QI."'.‘-
V=14 — e =8 ft /
S F
a=5ft f—4ft e i
b = 2 ft g =5 ft i . ) -"'ﬁ:'-’-';. T .
,.-"’.F-h-"“.ﬂ-’:: . . -
T T T
c=3ft h =6 ft | "---.},_-_*_ ,.-" -:___.-_:_'_____f,.
.----.___\_ - =i -~ —
b~ T
-~ ¥
Solution: T
-f-c f+e — g <
rPA=| b+g | rag=|d-g
h-a -h
-14.30 2
rAB ft
va =V Hp = rpa x (WVA) Hp =| -9.32 |slug-—
|rAB| S|
-34.81

*Problem 15-96

Determine the total angular momentum H, for the system of three particles about point O. All the
particles are moving in the x-y plane.

Given:

ma = 15kg a =900 mm
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o
Il

m
vp = 4 700 mm

S

mg = 25kg ¢ =600 mm

m
vg =2 d = 800 mm

S

mc = 3 kg e = 200 mm

m
ve =6 —
s
Solution:
a 0 c —-VB —d 0
Ho =|0 |x|mal VA [[+| b [x|mg| 0 +| —e |x|mg| —Vc
0 0 0 0 0 0
0.00
kg-m
Ho =| 000 |2
12.50

Problem 15-97

Determine the angular momentum H of each of the two particles about point O. Use a scalar

solution.
.1I.
Given:
- i -
ma = 2 kg c=15m .
|II'|
mg = 1.5 kg d=2m '
A / b
m e=4m -
va =15 N Quh J
f = 1 m 'r'} E. 1 v
B =107 5 30 deg —a
a=5m |3 :
b=4m
n=+4 0 B gl
e
.}' My
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Solution:
n | kg-m2
H = —mp| ——— [vAC — mp| ——— |vad Hoa = -72.0
OA A > 5 A A > 5 A OA 3
n~+1 n~+1
kg-m2
HoB = —vaBcos(H)e - vaBsin(e)f Hog = -59.5

Problem 15-98

Determine the angular momentum H;, of each of the two particles about point P. Use a scalar

solution.
Given: ¥
ma = 2 kg c=15m L i .
'Ir 1
mg = 1.5 kg d=2m U
m e=4m A / b
S f=1m my .
m )
vg = 10 — _ + & 1 A
s 6 = 30 deg e d
a=5m | — 3 |
b=4m "
Fy B
~ @ -
xi'f My
}I‘_.-" -‘Il.. -
Solution: U
n | kg~m2
Hpa = mp———=va(b - ¢) - mp——=va(a +d) Hpa = —66.0
2 2 2 2 S
n~+1 n" +1
kg~m2
Hpp = —vaBcos(e)(b +€e) + vaBsin(e)(a— f) Hpg = -73.9

Problem 15-99

The ball B has mass M and is attached to the end of a rod whose mass may be neglected. If the
rod is subjected to a torque M = at® + bt + ¢, determine the speed of the ball when t = t,. The ball
has a speed v = vy whent = 0.
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Given:
M = 10 kg
N-m
a=3—
2
s
N-
b=5—
s
c=2Nm
t1 =25
m
Vg =2 —
S
L=15m
Solution: Principle of angular impulse momentum

{1
Mv0L+J at2+bt+cdt= MvqL
0

{1
1 m
v1=v0+—J at2+bt+cdt vy =347 —
ML J, S

*Problem 15-100

The two blocks A and B each have a mass M. The blocks are fixed to the horizontal rods, and

their initial velocity is v' in the direction shown. If a couple moment of M is applied about shaft
CD of the frame, determine the speed of the blocks at time t. The mass of the frame is
negligible, and it is free to rotate about CD. Neglect the size of the blocks.

Given:
Mg = 0.4 kg g C
&
a=03m
m i e M
Vi =2 — - - S
S L ——~| N
M = 0.6 N-m e _ f'..'ff?[ J
t=3s s
Solution: iy
&N

2aMpV' + Mt = 2aMgvV
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Mt m
v=950 —
2aMg S

V=V+

Problem 15-101

The small cylinder C has mass m¢ and is attached to the end of a rod whose mass may be

neglected. If the frame is subjected to a couple M = at? + b, and the cylinder is subjected to
force F, which is always directed as shown, determine the speed of the cylinder when t = ;.

The cylinder has a speed v, whent = 0.

Given: z
F
mc = 10 kg t1 =2s | .
m m
a=8N— Vg =2 —
2 S
S
d=075m e
b=5Nm {He -l
e=14 ll ‘ ; ‘A_-_""«x
ull | ! M= (ars + B
F=60N P 1&; = (ar” + b)
Solution:

{1
f
mcvod+J at2+ bdt+[—2

Fdty = mcgved
0 e+ f

{1
1 2 f m
Vi =v0+—J at” + b dt + | ——— |Fdt; vi = 13.38 —
mcd 0 /e2+f2 S

Problem 15-102

A box having a weight W is moving around in a circle of radius r, with a speed v,; while
connected to the end of a rope. If the rope is pulled inward with a constant speed v,, determine
the speed of the box at the instant r = rg. How much work is done after pulling in the rope
from A to B? Neglect friction and the size of the box.

Given:
W =281Ib
ra = 2 ft
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ft r
val =5 — T Ty
s =
Ta
Vi = 4 — :
S e -:l..,"""
rg = 1ft
ft :
g =3221— -'b«-—-ﬁ“‘ﬁ
S [ |
Soluti —
olution: T\.\
w w
— |FAVA1 = | — |'BVBtangent
g g
VAL ft
VBtangent = TA (_J VBtangent = 10.00 —
B S
2 2 ft
VB = \/VBtangent +Vr VB = 10-8§

U _1W 2 1(W 2
AB =515 )"B "2lg)"A Uuag =113ftlb

Chapter 15

B

Problem 15-103

An earth satellite of mass M is launched into a free-flight trajectory about the earth with initial
speed v, when the distance from the center of the earth is r,. If the launch angle at this position

is ¢y determine the speed vg of the satellite and its closest distance rg from the center of the

earth. The earth has a mass M,. Hint: Under these conditions, the satellite is subjected only to the

earth’s gravitational force, F, Eq. 13-1. For part of the solution, use the conservation of energy.

Units used: Mm = 103 km Vi }

Given: 7~
- 704d 0 3
M =700kg A= 7000 A Ne
5 H-_'|\"- /{_‘\
km 11 N-m I/ e
=100 G_ope3x10 I M [ -

2 | |

kg ' ll'-. /
ra = 15 Mm \\\ =

Mg = 5.976 x 10°* kg -
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. km
Solution: Guesses vg = 10 — rg = 10 Mm
S

Given MvAsin(¢A)rA = Mvgrpg

1 2 GMeM 1 2 GMeM
—Mvp~ - =—-—Mvg~ -
2 ra 2 s

VB km
( j = Find(VB, rB) vg = 10.2 — rg = 13.8 Mm
g S

*Problem 15-104

The ball B has weight W and is originally rotating in a circle. As shown, the cord AB has a length of
L and passes through the hole A, which is a distance h above the plane of motion. If L/2 of the cord
is pulled through the hole, determine the speed of the ball when it moves in a circular path at C.

Given: A
— a5

T

W =5Ib —T "juf
L = 3 ft I|::,+I:II
lr.I I.::::I. o A:./
h=2ft Ly
ft B f .
g =322 — | {-—~
Ve .
. h \
Solution: fg = acos T 6g = 48.19deg
ft ft
Guesses Tg =11b Tc=11Ib vg =1— ve =1— Oc = 10 deg
S S
w V82
Given TR cos(HB) -W=0 TR sin(@B) = — L—(Q)
g sin| &g
w VC2
chos(HC) -W=0 Tcsin(é’c) =5l
ESin(HC)

oo (2o
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B

Tc

VC

oc

_ TB 7.50
VB | = Flnd(TB,Tc,VB,Vc, Hc) = Ib 6c = 76.12 deg

Te 20.85

ft ft
VB = 897; Ve = 1378;

Chapter 15

Problem 15-105

The block of weight W rests on a surface for which the kinetic coefficient of friction is . It
is acted upon by a radial force Fg and a horizontal force F,, always directed at angle &from

the tangent to the path as shown. If the block is initially moving in a circular path with a speed
v, at the instant the forces are applied, determine the time required before the tension in cord

AB becomes T. Neglect the size of the block for the calculation.

Given:
W=10Ilb k=05

FR=2b T=201Ib

Apg ®
| &) I
Fu=7Ilb r=4ft , =
ft ‘ = '
= — ft e
V1 2S g=32.2—2 \ 2.
s . |
0 = 30 deg - ___d_,ﬁ-ff/
Solution:
ft
Guesses t=1s vy =1—
S T W
Given ‘X l
W W "““m ~
— |vir+FH cos(@)rt — ukWrt = (—jvz r F , e
( g ) g H A q: N I'
) f £
pn NV
I i
FR+ Fusin(6) - T = —| —
g\ r N
t ft
( j = Find(t, vo) vy = 13.67 — t=341s
V2 S
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Problem 15-106

The block of weight W is originally at rest on the smooth surface. It is acted upon by a radial
force F and a horizontal force F, always directed at & from the tangent to the path as

shown. Determine the time required to break the cord, which requires a tension T. What is the
speed of the block when this occurs? Neglect the size of the block for the calculation.

Given:
W =101b 6 = 30 deg

FR=2Ib T=301Ib
FH=7Ib r=4ft
-0 = ft
i=0- 4oL
Solution:

Guesses t=1s vy =1—

Given

(ﬂ)vl r+Fy cos(e)rt = (ﬂ)w r
g g

2
Vv
FR+ Fpsin(6) - T = —ﬂKL]

t ft
( j = Find(t, vo) vp = 17.76 — t=091s
V2 S

Problem 15-107

The roller-coaster car of weight W starts from
rest on the track having the shape of a
cylindrical helix. If the helix descends a
distance h for every one revolution, determine

the time required for the car to attain a speed v. .
Neglect friction and the size of the car. ]
Given: 1
W = 800 Ib
h =28ft
ft
v =60 —
S
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r=8ft W
'\"\-,_ [l
Solution: -Y_---ZI;;*\
M,
- b
h 'd p
0 = atan| — 6 = 9.04 deg Ay A
27r ‘*\v(_:r"
Fn—Wecos(6) =0 FN = Wcos(6) FN = 790.06 Ib "
N
ft
Vi = vcos(@) vi = 59.25 —
S
! w w
Ha +J M dt = Ho J FN sin(e)r dt = (—)hvt FN sin(6’)rt = (—)hvt
0 Y g
2mr v,
Vth Q@ -
t=wW————| t=119s | R
Fnsin(6)gr L

*Problem 15-108

A child having mass M holds her legs up as shown as she swings downward from rest at ;. Her
center of mass is located at point G;. When she is at the bottom position &= 0°, she suddenly lets her
legs come down, shifting her center of mass to position G,. Determine her speed in the upswing due
to this sudden movement and the angle &, to which she swings before momentarily coming to rest.
Treat the child’s body as a particle.

Given:
m
M = 50 kg ri =280 m g=9.81—2
S
61 =30deg rp =3m
Solution:
m
Vab = ,/2gr1(1 - cos(61)) Vop = 2.71 —
S
rn m -
r1Vop = r2V2a Voa = —V2b V2a =253 —
N S
2
V2a
0 = acos[l - —j 6o = 27.0deg
2912
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Problem 15-109

Chapter 15

A small particle having a mass m is placed inside the semicircular tube. The particle is
placed at the position shown and released. Apply the principle of angular momentum about
point O (M, = Hy), and show that the motion of the particle is governed by the differential

equation €'+ (g /R) sin 8=0.

Solution:

Mg = d—HO
dt

—ngsin(e) = j—(va)
t

2
. d d
sinlg) = —v =——5

g () o dt2

But, s=R@

Thus, gsin(@) =-R&'

o, @+ (%jsin(@) _0

f)

Problem 15-110

A toboggan and rider, having a
total mass M, enter horizontally
tangent to a circular curve (6,)

with a velocity v,. If the track
is flat and banked at angle 6,,
determine the speed vg and the

angle @of “descent”, measured
from the horizontal in a vertical
x-z plane, at which the
toboggan exists at B. Neglect
friction in the calculation.

Given:
M = 150 kg 61 = 90 deg
ra =60m rg =57m

km
VA = 70 W

r=5m

377
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Solution:
h = (ra - rg)tan(6,)

m
Guesses vg =10 — 6 = 1deg
S

1 1
Given EM vA2 +Mgh = EM vB2 Mvara = Mvgcos(d)rg J - .
1 i
VB m
( j = Find(vg, 6) vg = 21.9 — 0= —1.1x 10°deg
0 s

Problem 15-111

Water is discharged at speed v against the fixed cone diffuser. If the opening diameter of the
nozzle is d, determine the horizontal force exerted by the water on the diffuser.

Units Used:
Mg = 103 kg
B A
Given: — —
m T—— =
v=16— 6 =30deg _— '
S
M
d=40mm py =1 —g
m
Solution: .
T2 ,
Q= Zd v m = pwQ — .
4‘.— . — —|
F, L
Fx = m'|—-vcos| — | +V
2
Fy =110 N

*Problem 15-112

A jet of water having cross-sectional area A strikes the fixed blade with speed v. Determine the
horizontal and vertical components of force which the blade exerts on the water.

Given:

A= 4in°
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ft
v=25— .
S )
6 = 130 deg = o
b e — S
w = 62.4 —3 Y, ‘h-l—}_x —_—
ft
ft3
Solution: Q = Av Q=069— F,
S
I
d—m =m' = pQ m = ynQ m = 1.3468w
dt S
ft .
VA = V vay = 0; VB = vcos(e) VBy = vsm(e)

Fy = T(VBX ~ Vax) Fy = 55.31b

%(vBy ~vay)  Fy=2580b

T
<
Il

Chapter 15

Problem 15-113

Water is flowing from the fire hydrant opening of diameter dgwith velocity vg. Determine the

horizontal and vertical components of force and the moment developed at the base joint A, if the
static (gauge) pressure at A is P,. The diameter of the fire hydrant at A is d.

Units Used:
kPa = 10° Pa Viz=)|
Mg = 10° kg N g
m = — - T
3 ' -
kN = 10° N TlA‘T V, e
Given: P f B

dg = 150 mm h = 500 mm h

m
vg = 15 — da = 200 mm
S
Mo :
Py =50kpa AW Tt T3
A m3
Solution:
2 2 2
=T — =T — = | — =
B 5 A 5 PwVB 5 A w PA
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AX = m'VB

d

2
A
—Ay + 507[(7j = m'(O - VA)

M = m'hvg M = 1.99

Chapter 15

Ay = 3.98kN

2
da
Ay = m'VA + PA”(?) Ay = 3.81 kN

kN-m

Problem 15-114

The chute is used to divert the flow of
water Q. If the water has a
cross-sectional area A, determine the
force components at the pin A and roller
B necessary for equilibrium. Neglect
both the weight of the chute and the
weight of the water on the chute.

Units Used:
Mg = 10° kg kN = 10° N
Given:
3
m M
Q-06"1 ,,-12
S 3
m
2
A =0.05m h=2m
a=15m b=012m
Solution:
d , ,
—m=m m' = pwQ
dt
Q
vp = — VB =V
A A B A

ZFy = m'(VAx - VBx)

ZFy = mI(VAy — VBy)
~Ma = m'(dpava — doB VB)

AX = BX—mIVA

Ll g
= i
B,
__;..-Q
I
S NG
,
Bx — Ax = m'(VAX - VBx)
Ay = m0 - (-vg]] Ay = 7.20kN
1
By = Fm'[va +(a—b)va] By = 5.40kN
Ay = —1.80 kN
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Problem 15-115

The fan draws air through a vent with speed v. If the cross-sectional area of the vent is A,
determine the horizontal thrust on the blade. The specific weight of the air is y,.

Given:

Ib
= 0.076 —
7a 3

ft

ft .
=3220— g
g9 52

Solution:

slu T
- d_m m' = yaVA m' = 0.05669—g

dt S

T=0681Ib

*Problem 15-116

The buckets on the Pelton wheel are
subjected to a jet of water of diameter d,
which has velocity v,,. If each bucket is
traveling at speed v, when the water
strikes it, determine the power developed
by the wheel. The density of water is ¥,

Given:
d=2in 6 = 20 deg
ft ft
v = 150 — g =322 —
S 2
S
Vp = 95 —
S
Ibf
rw = 62.4 —
ft
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Chapter 15

. ft
Solution: VA = Vyy — Vp vp = 55—
s

VBx = —vAcos(e) + Vp vpx = 43.317 E F

s Wy |-

kL

— ZFX = m'(VBX — VAX) L) B L.'.-

FX=

P = Fva

Fy = 266.412.1b

(HT sz

P = 4.69 hp

Problem 15-117

The boat of mass M is powered by a fan F which develops a slipstream having a diameter d. If
the fan ejects air with a speed v, measured relative to the boat, determine the initial acceleration
of the boat if it is initially at rest. Assume that air has a constant density o, and that the entering

air is essentially at rest. Neglect the drag resistance of the water.

Given:
M = 200 kg

h =0375m

d=075m

m
v=14—
S

pa = 1.22 —
3

Solution:
Q=Av

d 1
-m =

dt
ZFX = m'(VBX -
F = paQv

ZFX = MaX

T2
= —dv
Q 4
m' = paQ
VAx)
F = 105.64 N
F=Ma

m
Q = 6.1850 —
S

m' = 7.5457 kg
S
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a-= a=0.53m

F
M 2

Problem 15-118

The rocket car has a mass M (empty) and carries fuel of mass M. If the fuel is consumed
at a constant rate ¢ and ejected from the car with a relative velocity vpg, determine the
maximum speed attained by the car starting from rest. The drag resistance due to the
atmosphere is Fp = kv? and the speed is measured in m/s.

Units Used:
Mg = 103 kg
Given:
Mc = 3 Mg
m
- - k
VDR = 250 S c=4 kg
52
k =60N—
2
m
Solution:
mg = Mc + Mg At time t the mass of the car is mg — ct
Set F = kv? then k= (mo - ct):—v ~ VDRC
t
: . Mp
Maximum speed occurs at the instant the fuel runsout.  t = — t=3750s
c
. m
Thus, Initial Guess: v =4 —
S
v t
. 1 [ 1
Given — dv = dt
cVvpRr — kv ‘JO mo — ¢t

0

v =Find(v)  v=406 2
S
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Problem 15-119

A power lawn mower hovers very close over the ground. This is done by drawing air in at speed v,
through an intake unit A, which has cross-sectional area A, and then discharging it at the ground,
B, where the cross-sectional area is Ag. If air at A is subjected only to atmospheric pressure,

determine the air pressure which the lawn mower exerts on the ground when the weight of the
mower is freely supported and no load is placed on the handle. The mower has mass M with center
of mass at G. Assume that air has a constant density of p,.

Given:
m
vp = 6 —
S
Ap = 0.25 m?
Ag = 0.35 m?
M = 15 kg
k
pa =122 9
3
m
. kg
Solution: m' = pa AAVA m' =183 —
S

+T IFy = m'(VBy - VAy) PAg-Mg= m'[O - (_VA)]

.
P=A—B(va+Mg) P = 452 Pa

*Problem 15-120

The elbow for a buried pipe of diameter d is
subjected to static pressure P. The speed of the
water passing through it is v. Assuming the pipe
connection at A and B do not offer any vertical
force resistance on the elbow, determine the
resultant vertical force F that the soil must then
exert on the elbow in order to hold it in

equilibrium. Neglect the weight of the elbow and rd "‘ ~
the water within it. The density of water is . / Ba
-
Given: &3 P
d=5in 6 =45deg ) S
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Ib
P =10 — yW_624—3
in ft
Vv=8-—
S
Solution:
T2
= vl —d
Yw
1 — _Q
g

Also, the force induced by the water
pressure at A is

A= Zd?
4
F=PA F =196.351b
2F cos(@) -F1 = m'(—vcos(e) - vcos(@))
Fi = 2(Fcos(9) + m‘vcos(@))

F1 = 3021b

Problem 15-121

The car is used to scoop up water that is lying in a trough at the tracks. Determine the force
needed to pull the car forward at constant velocity v for each of the three cases. The scoop has
a cross-sectional area A and the density of water is p,,.

ia) (b}
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Solution:
The system consists of the car and the scoop. In all cases

d d
ZFS =MN—V — VDe—me
dt dt

F=0-VpAV F=V2pA

Problem 15-122

A rocket has an empty weight W, and carries fuel of weight W, If the fuel is burned at the rate
c and ejected with a relative velocity vpg, determine the maximum speed attained by the rocket
starting from rest. Neglect the effect of gravitation on the rocket.

. Ib ft ft
Given: W1 = 500 Ib Wy = 300 Ib c=15— VDR = 4400 — g =322 —
S S

2
S
) W1 + Wy
Solution: mg = ————
g
. W2
The maximum speed occurs when all the fuel is consumed, that is, where t = — t=20.00 s

d d
XFy = m—v — Vvpr—Me
Tt dt

c c . .
Atatimet, M =mg - at, where E = j—me. In space the weight of the rocket is zero.
t
d
0= (mo - Ct)d—v — VDRC
t

ft
Guess Vmax = 1 —
s

c
Gi Vmax —VDR
Iven J ldv=| 02—t
C
0 mg — —t
g

ft
Vmax = Find(Vmax) Vmax = 2068§
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Problem 15-123

The boat has mass M and is traveling forward on a river with constant velocity vy, measured relative
to the river. The river is flowing in the opposite direction at speed vg. If a tube is placed in the water,
as shown, and it collects water of mass M,, in the boat in time t, determine the horizontal thrust T on
the tube that is required to overcome the resistance to the water collection.

Units Used:
Mg = 103 kg
Given:
M =180kg My =40 kg
km
vp = 70 — t=80s
hr
Vo = km W = 1@
R=° me
. M
Solution: n - Mw o = 0.50 kg
t S
m
Vdi = Vp vdi = 19.44 —
S

2Fj = md—v + vgim'
dt

T = vgim' T=972N

*Problem 15-124

The second stage of a two-stage rocket has weight W, and is launched from the first stage with
velocity v. The fuel in the second stage has weight Ws. If it is consumed at rate r and ejected with
relative velocity v,, determine the acceleration of the second stage just after the engine is fired.
What is the rocket’s acceleration just before all the fuel is consumed? Neglect the effect of

gravitation.
Given:
Ib
Wy = 2000 Ib Ws = 1000 Ib r =50 —
S
mi ft ft
v = 3000 — vy = 8000 — g=2322—
hr S 52
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Solution:

Initially,

ZFS = md—V = Vdi d—me
dt

dt

W2+Wf r
0=|———la—v—
g g

Finally,

- (T )

a= 133E
2
S
ft
a; = 200—
1 52

Chapter 15

Problem 15-125

The earthmover initially carries volume V of sand having a density 0. The sand is unloaded
horizontally through A dumping port P at a rate m' measured relative to the port. If the
earthmover maintains a constant resultant tractive force F at its front wheels to provide
forward motion, determine its acceleration when half the sand is dumped. When empty, the
earthmover has a mass M. Neglect any resistance to forward motion and the mass of the
wheels. The rear wheels are free to roll.

Units Used:
Mg = 103 kg
KN = 10° N
Given:
A=25m° p-=
k
m' = 900 -2
S v =
F = 4 kN
M = 30 Mg
Solution:

When half the sand remains,

1
M1 = M+ 2Vp

M7 = 37600 kg
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m m
d—m=m'=va v=—v=024 —
d PA S

d d '
X F=m—v-—mvpRr F=Mja-m'v
dt dt
F+m'v m
a=——— a=0.11—2
M1 s
mm
a=112—
S

Problem 15-126

The earthmover initially carries sand of volume V having density p. The sand is unloaded horizontally
through a dumping port P of area A at rate of r measured relative to the port. Determine the resultant
tractive force F at its front wheels if the acceleration of the earthmover is a when half the sand is
dumped. When empty, the earthmover has mass M. Neglect any resistance to forward motion and

the mass of the wheels. The rear wheels are free to roll.

Units Used:
kN = 10° N
Mg = 1000 kg
Given:
V =
p =
A=25m M = 30 Mg
Solution:
. 1
When half the sand remains, M1 =M+ EVp M1 = 37600 kg
r m
d—m=r r=pvA V=— v =0.237 —
dt PA S
d d
F=m—v-—my F=Mia-rv F = 3.55kN
dt  dt
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Problem 15-127

If the chain is lowered at a constant speed v, determine the normal reaction exerted
on the floor as a function of time. The chain has a weight W and a total length I. @

Given:

Ib
W=5—
ft i

I =20 ft

ft
vV=4—
S

r
e T T CaF e

|

(

|

I
Solution: (i

|

At time t, the weight of the chain on the floor is W = M g(v t) ) :

I

|

d—v =0 Mt = M(vt) i
dt h

Gl
d—Mt = My -

dt il

d d
2 Fg= M=V + vpi—M¢
T dt
R—-Mg(vt) =0+ v(MV)

R = M(gvt+ v2) R = %(gvuvz)

*Problem 15-128

The rocket has mass M including the fuel. Determine the constant rate at
which the fuel must be burned so that its thrust gives the rocket a speed
v in time t starting from rest. The fuel is expelled from the rocket at
relative speed v,. Neglect the effects of air resistance and assume that g

is constant.
Given:
= ft
M = 65000 Ib vy = 3000 —
S
ft
v = 200 —
S ft
g=2322—
t=10s 32
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Solution:

A System That Losses Mass: Here,

W = (mo —d—me tjg
dt

Applying Eg. 15-29, we have

+TZ F; = mj—tv - VDEd—me

integrating we find

Chapter 15

dt |
Mo  —
v =Vpgeln - gt
d [| iy
mp — —Mme t L
dt
TN,
with mg =M VDE = Vr | /.’
I'.
I
mo IIIII".II
v =yvrln -g(t) '
mo d me t
— e
dt
—Mmo 1 —mo slu
d_mez = ol— A= mo |— A=43.3—g
d v+gt t v+gt t S
Vr Vr
e e
Problem 15-129
The rocket has an initial mass m,, including the fuel. For practical reasons ey
desired for the crew, it is required that it maintain a constant upward acceleration [ 4
ag. If the fuel is expelled from the rocket at a relative speed v,,, determine the : | Tirr.
rate at which the fuel should be consumed to maintain the motion. Neglect air [ &
resistance, and assume that the gravitational acceleration is constant. el
= —

Solution:

—-mg = mao — Verd—m
dt

d
Verﬁm = (ao + g)dt
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Since v,, is constant, integrating, with t = 0 when m = m, yields

m
VerIn| — | = (ap + g)t a0t
mo m e Ver

mo

The time rate fuel consumption is determined from Eq.[1]

ap+g
t
d ag + 9 d (ao+gje Ver

Note : v,, must be considered a negative quantity.

Problem 15-130

The jet airplane of mass M has constant speed v; when it is flying along a horizontal straight line. Air
enters the intake scoops S at rate ry. If the engine burns fuel at the rate r, and the gas (air and fuel) is
exhausted relative to the plane with speed v,, determine the resultant drag force exerted on the plane

by air resistance. Assume that air has a constant density p. Hint: Since mass both enters and exits the
plane, Egs. 15-29 and 15-30 must be combined.

Units Used:
Mg = 1000 kg - i P 7
kN = 103 N ___._.n:éi'__'—-r— —-_::_T"____'..'.'_--____ o e /'__ /
Given: — —_ﬁ.'--__. | ‘-;;--=~‘-
k
M=12Mg =04~
S
k Mg
vj =950—m ve=45om
hr S
3 -":IlI
m ki : 7
n=501-  p =122 o, V| —
S m —R —X
Solution:
d d d N
YFs=m=v-—m VDE) + —Mj(VDij .
ST dt e(ve) dt i(voi)
d d
—v =0 VDE =V VD' = Vj —m; = rlp
dt e ! J dt !
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A=rp %{me=r2+A B=rp+A

Forces T and F, are incorporated as the last two terms in the equation,

Fp = VeB - VjA Fp = 11.5kN

Problem 15-131

The jet is traveling at speed v, angle @with the horizontal. If the fuel is being spent at rate r; and the
engine takes in air at r, whereas the exhaust gas (air and fuel) has relative speed v,, determine the

acceleration of the plane at this instant. The drag resistance of the air is Fp = kv2 The jet has weight W.
Hint: See Prob. 15-130.

Given:
mi ft
v =500 — vp = 32800 —
hr S
s2
6 = 30 deg ki =07 Ib —
2
ft
Ib
rn=3— W = 15000 Ib
S
Ib ft
rp =400 — g¢g=2322—
S 2
s
Solution:
d rp d ri+rnr
dt g1 dt g1
\+ d d d
2Fg = M—V — Vpe—Mg + VDj—Mj
gt cdt o dt
. 2
—Wsm(@) —kivi" =Wa-vgB +v{A;
. B A1
(—Wsm(@) - k1v12 +Ve— — V1 —jg =
a= J J a=375—
W 52
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*Problem 15-132

The rope has a mass m' per unit length. If the end length y = h is draped off the edge of the
table, and released, determine the velocity of its end A for any position y, as the rope uncoils
and begins to fall.

Solution:

d d . d d
Fs=m=v +vpj—m; Atatimet, m=m'yand —mj=m'—y =m'v,
T P dt - dt

Here, vDj =V, d—v =0.
dt

. . d .
mgy=m yd—v+v(m V)
t

d 2 . d dy
=y—V+V Since v = —vy, then dt = —
o ydt dt \

Chapter 15

d 2
gy =VvVy—V +V
dy

Multiply both sides by 2ydy

29 y2dy = 2vy2 dv + 2yv2dy
2
J Zgyzdy=J 1dv2y2 Egy3+C=v2y2

2
v=0 at y=h Egh +C=0 3

Problem 15-133

The car has a mass m, and is used to tow the smooth chain having a total length | and a mass per

unit of length m'". If the chain is originally piled up, determine the tractive force F that must be

supplied by the rear wheels of the car, necessary to maintain a constant speed v while the chain is

being drawn out.
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Solution:

—— 3F= md—v+vDid—mi
dt dt

At atimet, m=mqg+ct

Where, c= d—mi = m'd—x =m'v
dt dt
_ d
Here, VDj =V —v=0
dt

F = (mg — mvt)(0) +v(m'v) = mvZ  F =mv

Problem 15-134

Determine the magnitude of force F as a function of time, which must be applied to the end of the
cord at A to raise the hook H with a constant speed v. Initially the chain is at rest on the ground.
Neglect the mass of the cord and the hook. The chain has a mass density p.

Given:
m k
v-o04l ,-289
S m
Solution:
d
—v=0 y = vt
dt
mj =my = mvt
d
—m| =mv
dt
d d
+ XFg = m—v + vpj| —m;j .
T s m I(dt |) LTJ.
1
F-mgvt=0+vmv F=mgvt+vmy Y3 4”?_
1
2 4
F=pgvt+Vv
N 2
f1 = pgv fi =7.85— fo = pv fo = 0.320N
S
F="ft+fo
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