Engineering Mechanics - Dynamics Chapter 13

Problem 13-1

Determine the gravitational attraction between two spheres which are just touching each
other. Each sphere has a mass M and radius r.

Given:
—12 -9
r = 200 mm M = 10 kg G =66.73x 10 — nN =1x10 ° N
kg-s
Solution:
GM?
F = — F =41.7nN
(2r)
Problem 13-2

By using an inclined plane to retard the motion of a falling object, and thus make the observations
more accurate, Galileo was able to determine experimentally that the distance through which an
object moves in free fall is proportional to the square of the time for travel. Show that this is the

case, i.e., s « t? by determining the time t, t.., and t, needed for a block of mass m to slide
from rest at A to points B, C, and D, respectively. Neglect the effects of friction.

Given:
S =2m
sc=4m $0 M e )
v ..- - __Il_n.'
Sp = 9m " : H.__,":-"""-
0 = 20 deg y _#e_f-""
m g )
g =981 > f.n'._}__-_.--*" 6
. X
Solution:
. w
Wsm(é’) = (—)a
g

. m ;

a = gsin(0) a=3.355 > ; Ly
S ,‘-"1

2 .

s = —at \ -
2 %

2sp - N

tg = tg = 1.09 s s
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2sc

tc = |[— tc =154s
a
2sp

tb = [— tp=232s
a

Problem 13-3

A bar B of mass My, originally at rest, is being towed over a series of small rollers. Determine
the force in the cable at time t if the motor M is drawing in the cable for a short time at a rate
v = kt2. How far does the bar move in time t? Neglect the mass of the cable, pulley, and the

rollers.
Given:

kN

Solution:

300 kg

5s

0.4

w| 3

1
d=Jka
0

-

{
(=]

b=

Yo
e

)

m
a=4—
2
S
T=12kN
d=16.7m

e M

*Problem 13-4

A crate having a mass M falls horizontally off the back of a truck which is traveling with speed
v. Determine the coefficient of kinetic friction between the road and the crate if the crate slides

a distance d on the ground with no tumbling along the road before coming to rest. Assume that
the initial speed of the crate along the road is v.
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Given:
M = 60 kg

d=45m

Solution:

Nc-Mg=20 Nc = Mg

#kNc = Ma a= ukg

2

v
— =ad= d
5 Hk9

2
\Y

= — = 0.559
20 Ak

K

Chapter 13

I '

Problem 13-5

The crane lifts a bin of mass M with an initial acceleration a. Determine
the force in each of the supporting cables due to this motion.

Given:
M=700ky b=3 KN =10°N
m
a=3— c=4
2
S
Solution:
ZT(;J—Mg:Ma
2 2
Vb +c
b2+c2
T = M(a+09) T T = 5.60kN
c

M
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Problem 13-6

The baggage truck A has mass m, and is used to pull the two cars, each with mass m.. The

tractive force on the truck is F. Determine the initial acceleration of the truck. What is the
acceleration of the truck if the coupling at C suddenly fails? The car wheels are free to roll.
Neglect the mass of the wheels.

Given:
m¢ = 800 kg
me = 300 kg
F =480 N
Solution: | |
+
—> ¥ F,=ma, F = (m¢ + 2me)a —F
F m
a=———— a=0.343 —
m¢ + 2 me S2
+
—> X Fx: ma,; F= (mt + mc)aFaiI I:UJ—%'
_:.n.-F
F m
afFajl = apajl = 0.436 —
mt + mC SZ
Problem 13-7

The fuel assembly of mass M for a nuclear reactor is being lifted out from the core of the nuclear
reactor using the pulley system shown. It is hoisted upward with a constant acceleration such that
s=0andv=0whent=0ands=s; whent=t;. Determine the tension in the cable at A during

the motion.
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Units Used:
kKN = 10° N
Given:
M = 500 kg
S1 =25m
t1 =155
m
=981 —
g 2
S
Solution:
(aj 2 231
2 ty
2T — Mg = Ma

Chapter 13

a=220 0

M
M(a+g) T = 3.008kN

*Problem 13-8

The crate of mass M is suspended from the cable of a crane. Determine the force in the cable at time
t if the crate is moving upward with (a) a constant velocity v; and (b) a speed of v = bt? + c.

Units Used:
KN = 10° N
Given:
M = 200 kg
t=2s
vy =2 —
S
b =02 EB
S
m
c=2—
S
Solution:

m
(a) a=0—2
S

AT

A

My

Ta—Mg=Ma Ta = M(g + a) T, = 1.962kN
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() v=btic a-=2bt Tp = M(g+a)  Tp=2.12kN

Problem 13-9

The elevator E has a mass Mg, and the counterweight at
A has a mass M. If the motor supplies a constant force

F on the cable at B, determine the speed of the elevator
at time t starting from rest. Neglect the mass of the
pulleys and cable.

Units Used: T T ¥
kN = 10° N T T T
an- E
Given:
A | E i $8
Mg = 500 kg | -
! ¢ A p
Ma = 150 kg 9
Mg Mg
F =5kN
t=3s
Solution:
m m
Guesses T =1kN a=1—2 v=1—
s S
Given T-Mag=-Mpa F+T-Mgg=Mga v = at
T
. m m
a | = Find(T,a,v) T=111kN a=241 - V=723 —
S
S
v
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Problem 13-10

i
The elevator E has a mass Mg and the counterweight at @ @
'
KR

A has a mass M,. If the elevator attains a speed v after

it rises a distance h, determine the constant force
developed in the cable at B. Neglect the mass of the
pulleys and cable.

Units Used: I
3 T T F |

kN = 10° N T T T :
Given: I iH

Mg = 500 kg A | E . e,

Ma = 150 kg + ¢ @i

| 1
v=102 M My —L
S

h=40m

Solution:
m
Guesses T =1kN F =1kN :;1:1—2
S

Given T-Mag=-Mpa F+T-Mgg=Mga v2:2ah

F

m
T | =Find(F,T,a) a=1.250 —2 T =1.28kN F = 4.25kN
S
a

Problem 13-11
The water-park ride consists of a sled of weight W which slides from rest down the incline

and then into the pool. If the frictional resistance on the incline is F,; and in the pool for a
short distance is F,,, determine how fast the sled is traveling when s ='s,.
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Given:
W = 800 Ib
Frp =301b
Fro =801Ib
sp =5 ft
a = 100 ft
b = 100 ft
ft
g =322 -
S
5!
Solution: W

b Fr;
0 = atan(—) !
a

On the incline

Wsinl @) - F
Wsin(H) -Fr1 = (gjal ai = g(M

W
v12 = 2a1\/ a2 + b2 V] =4 2a1\/ a2 + b2
In the water
Eo_ W . a — 9Fr2
2= g 2 2 = W

2

2
V2 V1 2
o "5 " —a2 s Vo =,V —2asp

o

W
Fr,
N
ft
aj = 21.561 —
2
s
ft
vy = 78.093 —
s
ft
ay = 3.22—
2 2
s
ft
Vo = 77.886—
s

*Problem 13-12

A car of mass m is traveling at a slow velocity v If it is subjected to the drag resistance of
the wind, which is proportional to its velocity, i.e., Fp = kv determine the distance and the
time the car will travel before its velocity becomes 0.5 v,. Assume no other frictional forces

act on the car.

Solution:
-Fp=ma
—kv =ma
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. —k
Find time a= d—v = —V
dt m
0.5v,
_k t 0
— | 1dt= — dv
m Jg v
Vo
m Vo m m
t=—1In t=—1In(2) t = 0.693 —
k 0.5vg k k
. . —k
Find distance a=Vv—V=—V
dx m

X 05V0
—J kdx = J m dv X = m(O.SVO) X = O.ST

0 \') k

Chapter 13

Problem 13-13

Determine the normal force the crate A of mass M exerts on the smooth cart if the cart is

given an acceleration a down the plane. Also, what is the acceleration of the crate?

Given:
M = 10 kg Mg
m
a=2— Y
2
S
~
6 = 30 deg N
Solution:

N - Mg = —M(a) sin(6)
N = Mg-(a)sin(6)] N=881N

m

dcrate = (a)sin(e) acrate = 1 >
S

Problem 13-14

Each of the two blocks has a mass m. The coefficient of kinetic friction at all surfaces of contact is
. If a horizontal force P moves the bottom block, determine the acceleration of the bottom block in

each case.
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Solution:
(a) Block A:

— IF,=may,

(b)

Block A:
— 3F,=ma,
Block B:

— XF,=ma,

Solving simultaenously

P -— A

Chapter 13

P —3umg = magp

P
ap = — - 3ug
m
SB+Sa=L
ap = —ap

P—-T-3umg = map

umg—T = mag

P
ap = —— — 249
2m

fa)

]
P — A
(bl
nig
g L g
T B
N
jmg 2pmg
2myg
Sp
EENC;
-,
m;:

g
,umu

T’-E JLng
”.'I"

2img

pmg

Problem 13-15

The driver attempts to tow the crate using a rope that has a tensile strength T,,,,. If the crate

is originally at rest and has weight W, determine the greatest acceleration it can have if the
coefficient of static friction between the crate and the road is s and the coefficient of kinetic

friction is 4.
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Given:
Tmax = 200 Ib
W = 500 Ib
uk = 0.3 [ “::'
ft
g =322 -
S
6 = 30 deg
Solution: W . W

%a wa

Equilibrium : In order to slide the crate, the

towing force must overcome static friction. N N
Initial guesses  Fn = 1001b T =50 1Ib Fy Fy
FN
Given Tcos(6) — usFN =0 Fn+ Tsin(0) - W =0 ( j = Find(Fn.,T)
T
If T=187.6131b > Tmpax = 2001b then the truck will not be able to pull the create without breaking
the rope.

If T=187.613Ib < Tmax = 2001b then the truck will be able to pull the create without breaking the
rope and we will now calculate the acceleration for this case.

. ft .
Initial guesses FN = 100 Ib a=1 - Require T = Tmax
S

F
Given  Tcos(6) — ucFN = %a FN -+ Tsin(6) -W =0 ( Nj = Fi”d(FN’a)
a
a= 3.426E
2
s

*Problem 13-16
An engine of mass M, is suspended from a spreader beam of mass M, and hoisted by a

crane which gives it an acceleration a when it has a velocity v. Determine the force in
chains AC and AD during the lift.
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Units Used:

Mg = 10° kg kN = 10° N
Given:

M1 = 3.5 Mg

My = 500 kg

)]

Il

IN
m|3 mwlg

<
Il
N

0 = 60 deg

Solution:

Guesses T=1N T =1N

Given T T
2Tsin(6) - (M1 + Mg)g = (M1 + M2)a N r r
___‘IF_-frf:x
2T' - M1g = M1 a v T T

omen (260 ()
(e)-(3)e

Problem 13-17

The bullet of mass m is given a velocity due to gas pressure caused by the burning of powder
within the chamber of the gun. Assuming this pressure creates a force of F = Fgsin(zt / tg) on

the bullet, determine the velocity of the bullet at any instant it is in the barrel. What is the bullet’s
maximum velocity? Also, determine the position of the bullet in the barrel as a function of time.
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Solution:
) t dv Fo  (t
Fosinf z— | = ma a=—=—sin| —
to dad m to
t s — =
V
Fo t
J ldv= —sin(lj dt
0 to F
0
Foto at Fy e
=—1- — - S
zzm 0 / \\

P a h
Vmax occurs when cos(t—] =-lort=ty

0
2Fotg —_—
Vo —>{ ]
m
[
t
S
Foto t Foto to at
J lds= (—j 1 - cos = dt §S=——|t—-—sin| —
0 m to m T to
0

Problem 13-18

o
The cylinder of weight W at A is hoisted using
the motor and the pulley system shown. If the 5 i
speed of point B on the cable is increased at a | &8
constant rate from zero to vg in time t, determine . G_:
the tension in the cable at B to cause the motion. i L
Given: r"_“.
W = 400 Ib £
ft i
vg = 10 —
S !
4
t=5s A
A
Solution: ¥a
2sp +sg = |
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LIS
vB ""‘ |
ag = T 27
T bt
—T LI B
_ag . : !
ap = —
A 2 F]
'l'.-l
2T -W = w a
Ty W .
oL
W aa
2 g

Problem 13-19

A suitcase of weight W slides from rest a distance d down the smooth ramp. Determine the point
where it strikes the ground at C. How long does it take to go from A to C?

Given:
W =401b 6 = 30 deg

ft
d=20ft g=32~
s
h=4ft
Solution:
Wsin(6) = (—)a a = gsin(6) N
g S [ .
B
ft h o
vg =4/ 2ad vg = 25.377 — [ o L
S i T
VB -
taAB = — tag = 1.576 s
a
Guesses tegc =1s R=1ft W /
fl
. —g 2 .
Given > tgc” - vBsm(G)tBC +h=0 R =vpg cos(@)tBC
tBC _ N
= F|nd(tBC,R) tgc =0.241 s
R

R =5304ft tag+tgc =1.818s
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*Problem 13-20

A suitcase of weight W slides from rest a distance d down the rough ramp. The coefficient of
kinetic friction along ramp AB is . The suitcase has an initial velocity down the ramp v,,.

Determine the point where it strikes the ground at C. How long does it take to go from A to C?

Given:

W =1401b
d=20ft
h=4ft
uk = 0.2
6 = 30 deg

ft
VOZlO?

_gpo It
g = o< >
S

Solution:
Fn —Wecos(6) =0 Fn = Wcos(6)

Wsin(6) — uWcos(6) = (%)a

a= g(sin(e) - ykcos(e)) a= 10.523E2
s

2 ft
VB = ./ 2ad+ Vg vg = 22.823 —
S

VB~V

tAB = tag =1.219 s
Guesses tec =1s R=1ft

Given (—79),[8(:2 - VB sin(@)tBC +h=0 R =vpg cos(@)tBC

tBC
( j = Find(tgc, R) tgc = 0.257 s R =5084ft tag+tgc = 1.476s
R
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Problem 13-21

The winding drum D is drawing in the cable at an accelerated rate a. Determine the cable
tension if the suspended crate has mass M.

Units Used:

T
5.:‘ aE
kN = 1000 N Y Sy
1 |
Given: ® g8
m
a=5—
S2
+2T
M = 800 kg
m
g =981~ |
; '
W
Solution:
-a m
L =sap+2sg agp = — ag = -25 — I
2 2
S
M(g - ap
2T-Mg=-Mag T = (T) T = 4.924kN

Problem 13-22

At a given instant block A of weight W, is moving downward with a speed v,. Determine
its speed at the later time t. Block B has weight Wg, and the coefficient of kinetic friction
between it and the horizontal plane is 2. Neglect the mass of the pulleys and cord.

Given: I
Wa=51lb vy =4~— =] !
S \5&
Wg=6Ib t=2s :
kg = 0.3 :
Solution: 2sg+sp =L _‘[L
Guesses A
i
E E | |
* —_ T O
.'|_-|
Given FN—-Wg=0 2ag+ap =0 Fy W,
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-Wg ~Wa
2T — ukFN = T ap T-Wp= T ap

FN
T FN 6.000 aa 20.3 \ ft
= Find(FN.T,aa. ag) = Ib = —
aa T 1.846 ap -10.2 82
ap
ft
Vo = V1 +aat vy = 44.6 —
s

Problem 13-23

A force F is applied to the cord. Determine how high the block A of weight W rises in time t starting
from rest. Neglect the weight of the pulleys and cord.

Given:
F=151b t=2s

fi
W=30l g=322-
S

Solution:
W
AF - W = (—)a
g
a = 2 (4F - W)
W F F 2F 2F 4F
.}
a=322— C k\_l
2
S
2F 4F W

1
d = Eat2 d = 6441t

*Problem 13-24

At a given instant block A of weight W, is moving downward with speed v,,. Determine its speed
at a later time t. Block B has a weight Wy and the coefficient of kinetic friction between it and the
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horizontal plane is z,. Neglect the mass of the pulleys and cord.

Given:
T
Wa =101b —
. a
VAO = 6 —
s
t=2s i Wi
Wg =41b Wy
g = 0.2 ' A ‘4:—‘ ey AL T
ft -~ Wy
g =322~ 1
s Wy
Solution: L =sg + 2sa
Guesses ap =1 ft ap =1 ft T=11Ib I-l—|sﬁ
A = 2 B = 5 =
S S k
W S
Given T-ukWp=|——1ap
g
_WA
2T -Wp=|——|aa
g
0 = ap + 2ap
T
_ an 10.403 ) ft
aA | = Find(T,aa, ap) T =3.3851Ib = —
ag) \-20.806) 2
ap
ft
VA = VaQ + aat vp = 26.8 —
s

Problem 13-25

A freight elevator, including its load, has mass M,. It is prevented from rotating due to the

track and wheels mounted along its sides. If the motor M develops a constant tension T in
its attached cable, determine the velocity of the elevator when it has moved upward at a
distance d starting from rest. Neglect the mass of the pulleys and cables.
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Units Used:

3

kN = 10" N

Given:

<
@D
[

500 kg
T = 1.50 kN

d=3m

m
g =981~
S

Solution:

4T — Meg = Mea a =4(

4T

M.z

T

)

v = +/2ad v=3e2
S

Chapter 13

MU 29 k

=
B

Problem 13-26

At the instant shown the block A of weight W, is moving down the plane at v, while being attached
to the block B of weight Wg. If the coefficient of Kinetic friction is x, , determine the acceleration
of A and the distance A slides before it stops. Neglect the mass of the pulleys and cables.

Given:
Wp = 100 Ib
Wg =50 1Ib
vg =5 —
uk =02
a=3
b=4

Solution: @ = atan (%j

Rope constraints

163
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sa+2sc=L1 T.Tﬁ sk T
SD+(SD—SB):L2 f,;
sc+sp+d=d |

Guesses i ¥
ft " Ty Ty
ap=1— ag =
2
S
ft -~
ac =1 ) ap = fif// ///f/f{//
S
TA=1lb Tg= te
Given | d ;
—+ |4
ap+2ac =0 2ap—ag=0
ac+ap=0 A

Wg
TB—WB= T ap

. -Wa
Ta - Wasin(6) + uxNa = | —— |aa
g

Na—Wacos(6) =0  2Tp-2Tg=0

= Find(aA,aB,ac,aD,TAaTBaNA)

ft
ap = ~1.287— dp = 9.711t

S

g

JT7777 77777777777

aa ~1.287
48

ap -1.287 | ft
48 |1b | oees |2

a .
80 ¢ S
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Problem 13-27

The safe S has weight W, and is supported by the rope and pulley arrangement shown. If the end of
the rope is given to a boy B of weight W,,, determine his acceleration if in the confusion he doesn’t
let go of the rope. Neglect the mass of the pulleys and rope.

Given:

fit
Ws =2001b Wp=901Ib g=322—

T W,

15,‘

Q

@iﬁj i

W,
Solution: L = 255+ Sp

. ft
Initial guesses: ap =1 - ag
S

Given 0 =2ag+ap 2T—WS=(

ap

ft ft .
a | = Find(ab,as,T) T=096.4291b ag = 1.15—2 ap = —2.3—2 Negative means up
S S
T

*Problem 13-28
The mine car of mass m,, is hoisted up the incline using the cable and motor M. For a short time,

the force in the cable is F = bt?. If the car has an initial velocity v, when t = 0, determine its
velocity when t =t;.
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Given:
mcar = 400 kg
N
b = 3200 —
2
S
m
Vg =2 —
S
t1 =25
m
S
c=28
d =15
Solution:

RN

2 c
bt™ — mcarg(—j = Mcara

\/02+d2

3

b \t1 gcty m

Vi =|—|————+\V vi =141 —
S

Problem 13-29

The mine car of mass m,, is hoisted up the incline using the cable and motor M. For a short

time, the force in the cable is F = bt?. If the car has an initial velocity v, when t = 0, determine
the distance it moves up the plane when t =1t;.
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Given:
mcar = 400 kg
N
b = 3200 —
2
S
m
Vg =2 —
S
t1 =25
m
= 0.81 —
g 2
S
c=28
d =15
Solution:

bt2 Mecard ¢ Meara a [ b jtz gc
—Mecar9| ————=| = Mcar = -
o2+ d Mcar ¢® + ¢

( b )tS gct
V= —— +V0

¢ +d
4 2
b \t1 gc t
1 =|—|—-|—|— +Vt1 S1 =5.434 m

Problem 13-30

The tanker has a weight W and is traveling forward at speed v, in still water when the engines

are shut off. If the drag resistance of the water is proportional to the speed of the tanker at any
instant and can be approximated by Fp = cv, determine the time needed for the tanker’s speed to

become v;. Given the initial velocity v, through what distance must the tanker travel before it

stops?
Given:
6 ¥
W = 800x 10" Ib l ] . "
i r
S | .
¢ = 400 x 10° Ib-2 - K,

ft ft
V0=3§ V1=1.5z

Solution:

—°9,

a(v) = W
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V1 1 W

t = ——dv t=431s —
J a(v)

Vo \ /

0 F 3 * F“
d= | - g d = 186.4ft

a(v) Ny
Vo

Problem 13-31

The spring mechanism is used as a
shock absorber for railroad cars.
Determine the maximum compression
of spring HI if the fixed bumper R of a
railroad car of mass M, rolling freely at
speed v strikes the plate P. Bar AB
slides along the guide paths CE and
DF. The ends of all springs are
attached to their respective members
and are originally unstretched.

Units Used:

KN = 10°N Mg = 10° kg

Given:

kN
M=5Mg k=80—
m

P L T
- S - m ﬂ"f,i,’
Solution: -—
The springs stretch or compress an equal amount x. Thus, —_— Y
Fy
K + 2k - U O
(k' + 2K)x = -Ma L S . S N
M dx
n'"!rl:"
0 d
. k' + 2k .
Guess d=1m Given vdv = - v X dx d = Find(d)
\"
0 d = 0.250 m

*Problem 13-32

The collar C of mass m, is free to slide along the smooth shaft AB. Determine the acceleration of
collar C if (a) the shaft is fixed from moving, (b) collar A, which is fixed to shaft AB, moves
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downward at constant velocity along the vertical rod, and (c) collar A is subjected to downward
acceleration a,. In all cases, the collar moves in the plane.

Given:
me = 2 kg
ap =2 =
AT
s
_9g 1
g =981 —
S
0 = 45 deg
Solution: )
(a) mcgcos(6) = meag ag = gcos(6) ag = 6.937 mz
S
(b) megcos(6) = meap ap = gcos(6) ap = 6.937 mz
S
© mc(g - aA) 005(9) = Mcacrel acrel = (g - a/_\)cos(e)
(—sin(e)j (oj (—3.905) m jag| = 708 m
ac = a +a ac = — ac| = 7.08 —
¢ 7l eos(g)) T A1 " \s905) 2 I 2

Problem 13-33

The collar C of mass m, is free to slide along the smooth shaft AB. Determine the acceleration of
collar C if collar A is subjected to an upward acceleration a. The collar moves in the plane.

Given: B
mc = 2 kg
a=4 m
h 2 Mg 1 il
S ,
£l
m .
g = 981 —_— = &,ﬂ?l.ﬂ{ Al
2
S
Ne
0 = 45 deg
Solution: )

The collar accelerates along the rod and the rod accelerates upward.
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ngcos(H) = mc[aCA - (a)cos(e)] aca = (g + a)cos(@)
—acasin(6) (—6.905) LT
¢ —acacos(6) + a €~ —2.905 &2 c 2

Problem 13-34

The boy has weight W and hangs uniformly from the bar. Determine the force in each of his arms at
time t = t, if the bar is moving upward with (a) a constant velocity v, and (b) a speed v = bt?

1 |

W = 80 Ib 1? -,I.‘iJ=|_‘I.I.
_ ()
tl = 2 S | |Il:ﬁ'll
Vo = 3 ft lﬁl I' ) |I
. ! -
i 1]
b=4-3 _ 1
S W K
. w
Solution: @ 2Ta-W=0 Ta = ? Ta = 401b
w 1 w
2Th —W=|—|2bt Tp = —=|W+ —2bt;| Tp=59.885Ib
(b) g 2 g

Problem 13-35

The block A of mass m, rests on the plate B of mass mg in the position shown. Neglecting the

mass of the rope and pulley, and using the coefficients of kinetic friction indicated, determine the
time needed for block A to slide a distance s' on the plate when the system is released from rest.

Given:

ma = 10 kg

mg = 50 kg

s =05m

upB = 0.2

uc =01

0 =30 deg Mg
_ 981

g=29 >

S
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Solution: 148
sa+sg=1L '-\'g:-_
Guesses } ""-._f,.f " (,.--*” ™ 40
ap =10 g1 \ \ \ \
A = E B = _— L ...____d-'* \ _-____..
52 52 \_-
T=1N Na =1N Ng =1N
Given
ap+ag =0
: T
Na — magcos(6) = 0 y’
NB — Na - mBgcos(e) =0
7 |'l'["‘|";_l'1' R #___.-ff::'x
T~ upgNa — magsin(6) = -mpan e
. ;"f';/
T+ upgNA + uac Ng — mpgsin(6) = -mpag =
Mpily
aa ,
N,
ap T A
. Sa TN
T | = Find(aa.ag,T,Na,Ng) | Na |= N N
Na NB X g :;7-’\\
o .-____.a-""-' Y
N ffﬁ"{i-"\,f”# .,--’?‘1-.‘
(aA] ( m '\y_r"" ) Y
= —_— L T g
2 - - ", ki
ap 5 Y ;_f,.e {‘x
m 2s'
apA = ag — aa apa = 3.708 — t=|— t=0.519 s
32 aBA

*Problem 13-36

Determine the acceleration of block A when the system is released from rest. The coefficient of
kinetic friction and the weight of each block are indicated. Neglect the mass of the pulleys and cord.

Given:
Wa =80 1Ib
Wg = 20 Ib
6 = 60 deg
uk = 0.2
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ft
S

Solution: 2sp+sg =1L

Guesses

ft ft
aA=l—2 aB=l—2
S S

T=1b Na=11Ib

Given

. -Wa
2T — Wasin(6) + uNa = | —— |aa
g

Na — WAcos(H) =0

2ap+ag =0
aA % iy
ap . ft
= Find(ap,ag,T,Na)  ap=4.28—
T 2
NA

Problem 13-37

The conveyor belt is moving at speed v. If the coefficient of static friction between the
conveyor and the package B of mass M is 1, determine the shortest time the belt can stop so

that the package does not slide on the belt.

Given:
i}
v=aD Mg)
S
M = 10 kg |_i—| — 0
CEOHEEE T
=] -] & @ @ @ @
Hs = 0.2 Il\_ ,;t
- 9.81 = |
g=29 >
S

. m v

Solution: HUsMg=Ma a = usg a= 1962 > t = 2 t=2.039s

S
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Problem 13-38 ¥

An electron of mass m is discharged with an initial
horizontal velocity of v,. If it is subjected to two

fields of force for which F, = Fyand F, = 0.3F, S e e 1 o
where F is constant, determine the equation of the N |

}
path, and the speed of the electron at any time t. A :
,,«”"/ +

Solution: = P i | I .
Fo = may 0.3Fg = may #
Fo Fo :
ay = o ay = 0'3[Fj | J.r

10 20sym
Thus Sx = Y + Vo Y
3 3Fp
> Fo 2 (03Fp )?
v:,/vx +Vvy v= || —t+Vvy| + t
m m

*Problem 13-39

The conveyor belt delivers each crate of mass M to the ramp at A such that the crate’s speed is
v, directed down along the ramp. If the coefficient of kinetic friction between each crate and the

ramp is g4, determine the speed at which each crate slides off the ramp at B. Assume that no
tipping occurs.

Given:

M = 12 kg

vpa =25 m
S

d=3m

kg = 0.3

6 = 30 deg

g =981 m
2

S
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Solution: Mg

NC—Mgcos(e):O Nc = Mgcos(e)

j N
M sin(e)— Nc = Ma a= sin(@)— & a—2356m JH)\
g HkNC = =9 iy = 2396 — N,
m
Vg = JvaZ + 2ad vg = 4515 —
S

*Problem 13-40

A parachutist having a mass m opens his parachute from an at-rest position at a very high altitude. If
the atmospheric drag resistance is Fp= kv2, where k is a constant, determine his velocity when he has
fallen for a time t. What is his velocity when he lands on the ground? This velocity is referred to as the
terminal velocity, which is found by letting the time of fall t— co.

Solution:
kv2—mg:—ma A Fi
T
k d
a=g9g- (—)vz & b
m dt ?
V g
1
t= dv
()
g-|—|v
m
0

([t

Problem 13-41

=~ |

Block B rests on a smooth surface. If the coefficients of static and kinetic friction between
Aand B are u ; and u respectively, determine the acceleration of each block if someone

pushes horizontally on block A with a force of (a) F = F, and (b) F = F,,

Given: . /iT:_ ,
ss = 0.4 Fa =6 Ib —_— 2

ug = 0.3 Fp = 50 Ib | B
| Wy

w

Wp=20b Wg=230lb
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= 32.2 ft
g = ac. >
S
Solution:

Guesses FA=1lb Fmpax=11Ib

as = 1 ft = 1 ft
ATSZ BT
S S
(ad F=F3 First assume no slip
. Wa Wp
Given F-Fa=|—1lan Fa=|—1|aB
g g
ap =ap Fmax = #sWa
Fa
Fmax

= Find(FA. Frnax. aa. 28)

W,
-

-

I"".. II

V=

F

A

Ny |

|

]

[

If Fao=35991b< Fpax = 8lbthen our

3.86
3.86

aa
aa
ag assumption is correct and (
ap
(b) F=Fp First assume no slip
. Wa Wg
Given F-Fa=|—1lan Fa=|—1|aB
g g
ap =ap Fmax = #sWa
Fa
Fmax . .
= Find(Fa, Fmax. aA. ag) Since Fa = 30Ib> Fray = 8Ibthen our
a N
A assumption is not correct.
ap

Now we know that it slips

Given  Fa = uxWp

Fa
aa
aa :Find(FA,aA,aB) = =

aB

)

Chapter 13

ft

2
S
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Problem 13-42

Blocks A and B each have a mass M. Determine the largest horizontal force P which can be applied
to B so that A will not move relative to B. All surfaces are smooth.

Solution: M
A LS
Require ap =ap = a B P _
Block A: : C "“PS\
AN
IR, =0; Ncos(6) — Mg =0
.'F'l-"
—— 3F,=Ma, Nsin(6) = Ma )/*—I’
a= gtan(@) ta,,-l
Block B:

~— 3F,=Ma;, P-Nsin(9)=Ma P =2Mgtan(6)

Problem 13-43

Blocks A and B each have mass m. Determine the largest horizontal force P which can be applied to
B so that A will not slip up B. The coefficient of static friction between A and B is 1. Neglect any

friction between B and C. meg

Solution: A l
-— P X L /f/l.':_.-"'.-’
. F B - -
Require | P
C

ap=ag=a N
Block A:

ZF, =0; Ncos(@)—ystin(é’)—mg=0

XF, = ma, Nsin(6’) + uchos(é’) =ma

m
N = g

cos(e) —yssin(e)

(sin(@) +yscos(<9)j
a=g

cos(@) - ,ussin(e)
Block B:

ZF, = ma, P- uchos(e) - Nsin(@) =ma
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- cos(@) - yssin(e) cos(e) - yssin(e)

o om g(sin(@) + yscos(e)j

cos(@) —yssin(e)

ysmgcos(e) (sin(@)+,uscos(¢9)j
P =m

*Problem 13-44

Each of the three plates has mass M. If the coefficients of static and kinetic friction at each surface of

contact are 4 and g4 respectively, determine the acceleration of each plate when the three horizontal
forces are applied.

Given:
F, —— D
M = 10 kg
C e |-
us = 0.3 F, ———— i}
uk = 0.2 .
Fg = 15N
2Mg
Mg
Fc = 100 N ) * IMg
F F o m— [ F,
Fp =18 N . Fep [+ ;'4_|:_"_—_.H|
F ——— ] :
m f B( FaR
g = 981 _2 N= .-HR‘
S |~'|' = _-"_'ll-'fﬁr |""|'I _ ';.'14],;'
Solution:
Case 1: Assume that no slipping occurs anywhere.
FaBmax = #s(3MQ) FBCmax = #s(2Mg) Fcbmax = #s(Mg)

Guesses Fag = 1N FBc =1N Fcp=1N

Given -Fp+Fcp=0 Fc-Fcp-Fpc=0 -Fg-Fag+Fpc =0
FAB FaB 67 FABmax 88.29
Fsc | = Find(Fag.Fac.Fcp) FBc |=|82|N FBCmax | = | 58.86 | N
Fcp Fcp 18 FcDmax 29.43

If FAB=67N < FaBmax = 88.29N and Fgc = 82N

> FBCmaX =58.86N and
Fep = 18N < Fepmay = 29.43N

then nothing moves and there is no acceleration.
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Case 2. If FaAg =67N < Fagmax = 88.29N and Fgc =82N > Fpcmax = 58.86 N and
Fcp = 18N < FcDmax = 29.43N  then slipping occurs between B and C.  We will assume that
no slipping occurs at the other 2 surfaces.

Set Fec = uk(2Mq) ap =0 ac=ap=a
m
Guesses Fag = 1N Fcp=1N a=1 >
s
Given -Fp+Fcp=Ma Fc-Fcp-Fgec=Ma -Fg-Fag+Fpc =0
FaAB
. Find(Fag. F ) FaB 24.24 \ p1ag ™
D | = FInd{FAB,FCD,a = a=2. —
c ¢ Fcp 39.38 S2
a

ac = a ap = a

If FAB=2424N < FaBmax =88.29N and Fcp =39.38N > Fcpmax = 29.43N then

. m m
we have the correct answer and the accelerationsare ag = 0 , ac = 2.138—2 ,ap = 2.138—2
s s

Case3: If Fagp =24.24N < FpBmax = 88.29N and Fcp = 39.38N > Fcpmax = 29.43N

then slipping occurs between C and D as well as between B and C. We will assume that no slipping
occurs at the other surface.

Set FBCc = 1k(2M Q) Fcp = uk(Mo)
m
Guesses Fag = 1N ac =1 - ap =1 -
s s
Given -Fp+Fcp=Map Fc-Fcp-Fec=Mac -Fg-Fag+Fpc=0
FaB
Find(F ) Fag=2424 N ac L4 m
ac = FINn AB,aC.,ap AB = . = _
¢ ap 0162 ) 2

ap
If FaAg=24.24N < Fpapmax = 88.29N then we have the correct answer and the accelerations

m m
are ag=0, ac = 4.114—2 ,ap = 0.162—2
S S

There are other permutations of this problems depending on the numbers that one chooses.

Problem 13-45

Crate B has a mass m and is released from rest when it is on top of cart A, which has a
mass 3m. Determine the tension in cord CD needed to hold the cart from moving while B is

178



Engineering Mechanics - Dynamics Chapter 13

sliding down A. Neglect friction.
Solution:

Block B:
Ng — mgcos(@) =0

Ng = mgcos(&)

Cart:
—T +Ngsin(6) =0

T = mgsin(6) cos(6)

T = (%)sin(ze)

Problem 13-46

The tractor is used to lift load B of mass
M with the rope of length 2h, and the
boom, and pulley system. If the tractor
is traveling to the right at constant speed
v, determine the tension in the rope
when s, =d. Whens, =0,s53 =0

Units used:
kKN = 10° N
Given:
M = 150 kg
T
v=4D nh_-o1om
S
m g
d=5m g=9381 - T
S
Mg
Solution: vao=Vv sp=d
Guesses T=1kN sg=1m
m m
ap=1— vg=1—
2 S i
s
; i
Given gt [sa2+h? = 2n
SAVA f?????;?????,
—-VB + =
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Chapter 13
2 2 2
VA SA VA
-ag + — =0 T—Mg=MaB
2 2 3
Jsa”+h =
2 2)?
(SA +h )
T
SB m
= Find(T,sg. v, ap) sg=1m ag = 1.049 — T = 1.629 kN
VB s
m
ap vg = 1.538 —
s

Problem 13-47

The tractor is used to lift load B of mass M with the rope of length 2h, and the boom, and pulley

system. If the tractor is traveling to the right with an acceleration a and has speed v at the instant
Sa = d, determine the tension in the rope. Whens, =0, sg =0.

Units used: KN = 103 N
Given:
d=5m h=12m

M = 150 kg g=9.8132
S

m
v=4—
S
m
a=3—
2
S
Solution: ap = a Vp =V sp=d
m m
Guesses T=1kN sg=1m a|3=1—2 vg =1 —
S
s

180



Engineering Mechanics - Dynamics Chapter 13

5 B

_ _ _0 |

B’ SA2 Y 3 ?’/x’/’/ﬁ//}’}”/;”//x’/fﬁ///’//x’/a’//f({//z"//,//

2
(SA2 + h2) A

T-Mg=Mag

T T

sB

= Find(T,sB,vB,aB) sg=1m “a
vB
aB Jir'fg
ag = 2.203 EZ vg = 1.538 % T = 1.802kN

S

*Problem 13-48

Block B has a mass m and is hoisted using the cord and pulley system shown. Determine the
magnitude of force F as a function of the block’s vertical position y so that when F is applied
the block rises with a constant acceleration ag. Neglect the mass of the cord and pulleys.

Solution:

2Fcos(¢9) —mg = map

where cos(6) = — -
2 3
2+ g ) i
y 2 ":' dia
y | y i T
AT | M " ag VY + (di2y

(ag + gl ay? + & i

Problem 13-49

Block A has mass m, and is attached to a spring having a stiffness k and unstretched length I,.
If another block B, having mass mg is pressed against A so that the spring deforms a distance d,
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determine the distance both blocks slide on the smooth surface before they begin to separate.
What is their velocity at this instant?

Solution:
Block A: —k(x—=d) =N =mpap
Block B: N = mgag k
A
B
Since a, = ag = a,
k(d — x
g KA-%)
ma + mp
kmg(d — x) Mgl e
N=——— d 48
ma + mp |
Separation occurs when " Y o 4‘ ‘ N
5
N=0 or x=d * |
y RN
k(d — X N ¥
J S R 5 .
0 ma + mp ‘
0
2 2 2
v k d kd
— = dd - — V=
2  mp+mg 2 ma + Mp

Problem 13-50

Block A has a mass m, and is attached to a spring having a stiffness k and unstretched length I, If
another block B, having a mass mg is pressed against A so that the spring deforms a distance d, show
that for separation to occur it is necessary that d > 244 g(ma+mg)/k, where g4 is the coefficient of

kinetic friction between the blocks and the ground. Also, what is the distance the blocks slide on the
surface before they separate?

Solution: Block A:

—k(x —d) = N — uxmag = maaa

Block B: N — uxmpg = mgag
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Since ap =ag=a d 148
I
-
k(d - X) § ¥
= — Hk9 - Fo - N
ma + Mg A N
~] o 4
kmg(d — X) s -~ e
= ﬁ A
ma + M = Nyomgg
-
N =0, then x = d for separation.
At the moment of separation: mp(g)
d
v
k(d — X Li
J vdv = [gdx—,ukg} dx N—"{
0 ma + M
0 B |1, niglg)
kd? — 24 g(mp + mg)d
V= y
MA + Mg mylg)
Require v > 0, so that
24k 9
kd2 - Z,Ltkg(m/_\ + mB)d >0 d> (mA + mB) Q.ED

Problem 13-51

The block A has mass m, and rests on the pan B, which has mass mg Both are supported by a

spring having a stiffness k that is attached to the bottom of the pan and to the ground.
Determine the distance d the pan should be pushed down from the equilibrium position and then
released from rest so that separation of the block will take place from the surface of the pan at

the instant the spring becomes unstretched.

A

Solution:

For Equilibrium  kyeq — (ma + mg)g = 0 Yeq =

Block: ~MAQ + N =maa

183
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BlockandPan  (~MA+ MB)g + k(Yeq +y) = (ma + mg)a

- N
Thus, ~(ma + mg)g + k{(wjg + y} = (ma+ mB)(&j

mA

(mA + mB)g

Set y=-d, N=0 Thus d=yeq= ”

*Problem 13-52

Determine the mass of the sun, knowing that the distance from the earth to the sun is R. Hint:
Use Eq. 13-1 to represent the force of gravity acting on the earth.

2 —
Given: R = 1496x10°km G = 6673x10 1 N-m—2 C\)\ SI‘\

kg Fe M, V"

' R
. 27zR m
Solution: v = s v =2 v = 2.98 x 104—
t 1yr S

Me Mg V2 2R 30
¥ F,=ma,; G = Mg| — Mg = V| — Ms =199 x 10" kg
R2 R G

Problem 13-53
The helicopter of mass M is traveling at a constant speed v along the horizontal curved path

while banking at angle 6. Determine the force acting normal to the blade, i.e., in the y'
direction, and the radius of curvature of the path.
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Units Used:

m
v=40 M =14x10%kg

m
0 =30deg g :9.81—2
S
Solution:

Guesses FN = 1 kN p=1m

Given FN cos(e) -Mg=0
2
Fnsin(6) = M| —
Yol
FN
= Find(FN., p) FN = 15.86 kN ,
P
p=282m

Problem 13-54

The helicopter of mass M is traveling at a constant speed v M,
along the horizontal curved path having a radius of X
curvature p. Determine the force the blade exerts on the S
frame and the bank angle é. :

Units Used: N, -~
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Solution:

Guesses FN = 1 kN 6 = 1 deg

Given FN cos(e) -Mg=0
2
Fnsin(6) = M| —
Yol
FN
( j = Find(F., 6) FN = 14.64kN "
6
60 = 20deg

Problem 13-55

The plane is traveling at a constant speed v along the curve y = bx2 + c. If the pilot has
weight W, determine the normal and tangential components of the force the seat exerts on

the pilot when the plane is at its lowest point.

Given: W
6 1
b=20x10° = (D
-l
¢ = 5000 ft j: S
W = 180 Ib VD
ft [
v = 800 — . "“\
7
II,."r
.
Solution: ;
x=0ft y= bx2 +cC
y'=2bx y'=2b
3
(1+y?)
P ="
y
w2 w( v
Fn_W:—— Fn:W-‘r—— Fn:323|b
g\p g\p
W =
at=0 Ft = (E)at =
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*Problem 13-56

The jet plane is traveling at a
constant speed of v along the

curve y = bx2 + c. If the pilot has B
aweight W, determine the normal — | T g
and tangential components of the i
force the seat exerts on the pilot

wheny =vy,.
Given:
61 !
b = 20x 10 GEW:18OIb
ft
¢ = 5000 ft v = 1000 — n ;
S W
ft
g=1322— y1 = 10000 ft g
32 T 1
Solution:
y(x) = bx2 +C
y'(x) = 2bx
y'(x) =2b
(14y0?)
p(X) - n
y" (X)

Guesses Xp =1ft Fho=11b

6=1deg Ft=11Ib

Given y1 = y(xl) tan(e) =y (xl)

g { p(x1)
X1
0 _ Fn 287.1
= Find(x1, 6,Fn,Ft)  xq = 15811ft @ = 32.3deg = Ib
Fn Ft 96.2
Ft
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Problem 13-57

The wrecking ball of mass M is suspended from the crane by a cable having a negligible mass.
If the ball has speed v at the instant it is at its lowest point &, determine the tension in the cable
at this instant. Also, determine the angle @ to which the ball swings before it stops.

Units Used:
kN = 10° N
Given:
M = 600 kg
r
V=8 — _ a;  dy=vit 7
S ! \/’(
r=12m a
Mg M
m
=981 —
g 2
S
Solution: .

At the lowest point

2 2
T—Mg:M(V—j T:Mg+M[v—j T = 9.086 kN
r r

At some arbitrary angle

. . v( dv
~Mgsin(6) = Ma at = —gsin(6) = —(—)
r\de
0 o
J’ vdv:—J rgsin(&)d&
Vv 0
V2 2
— = rg(cos(ﬁ) - 1) 6 = acos| 1 - — 6 = 43.3deg
2 2rg

Problem 13-58
Prove that if the block is released from rest at point B of a smooth path of arbitrary

shape, the speed it attains when it reaches point A is equal to the speed it attains when
it falls freely through a distance h; i.e., v =4/ 2gh.
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% Mgl
s M
¢
h ;%
A
¥ J;,'II- I.
Solution:
\ SFy=ma;  (mg)sin(0) = may a¢ = gsin(6)
vdv = ads = gsin(6) ds However dy = ds sin(g)  9Y = 98 sin(6)

v h 2
J vdv:‘[ g dy V—:gh v =4/2gh QED

0 0 2

Problem 13-59

The sled and rider have a total mass M and start from rest at A(b, 0). If the sled descends
the smooth slope, which may be approximated by a parabola, determine the normal force
that the ground exerts on the sled at the instant it arrives at point B. Neglect the size of the

sled and rider. Hint: Use the result of Prob. 13-58.
>

Units Used:
kN = 10° N 5 et
A . ‘ b J .
Given: . ,’-
A s
a=2m b=10m c¢c=5m : - H,-’" \
¥ -
M=80ky g=098 — F 5 ?ﬁ/
& .
S "
Solution: - b J
V =4/ ch T
X 2
X) =c|l—| —¢
y(X) (b)
Mg
2C 2c
o (B -k
b b
) Y A
3
. 2
Jlryw?
p(X) - v
y" (X) b
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2

Vv
Np — Mg = M(—j

P

2
Nb :Mg+M(

j Np = 1.57 kN
p(0m)

*Problem 13-60

The sled and rider have a total mass M and start from rest at A(b, 0). If the sled descends
the smooth slope which may be approximated by a parabola, determine the normal force
that the ground exerts on the sled at the instant it arrives at point C. Neglect the size of the
sled and rider. Hint: Use the result of Prob. 13-58.

Units Used:
>
kN = 10° N
Given: 2 .|'.i].
. |5
a=2m b=10m <c¢=5m e
A z‘f
m /
M=80ky g=0981— } P | x
S p h‘/ﬁ’
Solution: P B oo
e e —
X 2 -  g— t -
X) =c|l—| —-c¢
y(X) (b
Mg n
2C 2c - /
y'(x) = — |X y'(x) = = /
b b f Ly

~h
sy’

p(x) = 700 / P

v =v29(-y(-a)) N

6 = atan(y'(-a))

2 2
N — Mgcos(6) = M(V—j Ng = M{gcos(&) L J NG = 1.48kN
P p(-a)

Problem 13-61

At the instant &= 6, the boy’s center of mass G has a downward speed vg. Determine the rate
of increase in his speed and the tension in each of the two supporting cords of the swing at this
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instant. The boy has a weight W. Neglect his size and the mass of the seat and cords.

Given:
W =601Ib

61 = 60 deg

| =10 ft

Solution:

Weos(6y) - (ﬂjat

g

ft
ay = gcos(6y) at = 16.18—2

2T — Wsin(6y) = %[VTZJ

) .
\Y
T = %{W(il} + Wsin(&l)} T=4691b £
g

Problem 13-62 % /,jﬁ
# -

At the instant @ = 0, the boy’s center of mass G is P
momentarily at rest. Determine his speed and the /-
tension in each of the two supporting cords of the xi j
swing when 6= 6,. The boy has a weight W. Neglect P 4

his size and the mass of the seat and cords.

Given:
ft
W =601b g:32.2—2
S
61 = 60 deg
&> = 90 deg

| =10 ft
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Solution:
Wcos(@) = (%)at at = gcos(@)
)
vo = |29l cos(6’) do
01
Vo = 9.29E
S
w V22
2T - Wsin(eg) =—| —
g\ |
W V22
T== sin(62) + o) T=380m

Chapter 13

Problem 13-63

If the crest of the hill has a radius of curvature p, determine the maximum constant speed at
which the car can travel over it without leaving the surface of the road. Neglect the size of
the car in the calculation. The car has weight W.

Given:
¥ L —_—
o = 200 ft P i —

W = 3500 Ib o

m
=9.815 —
9 2

Solution:  Limiting case isN = 0.

W v2 ft
4 ZF, =ma; W=—| — v=4+gp v=80.25—
s

*Problem 13-64

The airplane, traveling at constant speed v is executing a horizontal turn. If the plane
is banked at angle &when the pilot experiences only a normal force on the seat of the
plane, determine the radius of curvature p of the turn. Also, what is the normal force
of the seat on the pilot if he has mass M?

Units Used:

KN = 10° N
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Given: .
m T T
v =50 — | e —
S -":’ al ---_____-'_ e
s ‘%5#_______:..
6 = 15 deg £ T
M = 70 kg \ N
b
~ 9815 1~ \“‘
g=279 2 S
Solution:
. g
+ ZF, = ma,; Npsin{d) —-Mg=10 Ny = M Np = 2.654 kN
T b b p ( ) g p (sin(e)) p
V2 V2
— 3F,=ma,; Npcos(6) = M| — =M ———=| p=683m
P Np cos(e)

Problem 13-65

The man has weight W and lies against the cushion for which the coefficient of static friction is .

Determine the resultant normal and frictional forces the cushion exerts on him if, due to rotation
about the z axis, he has constant speed v. Neglect the size of the man.

Given:
W =150 Ib —T
——
Hs = 0.5
ft o
v=20—
S
6 = 60 deg
d=28ft
Solution: Assume no slipping occurs Guesses FN =11b F=11Ib
-W v2
Given -FN sin(6’) + Fcos(H) = — q FN cos(e) -W+ Fsin(@) =0
g
Nk d(FN.F) N i FN F 138.357 b
= Fin , = = = .
F N E 13.444 max = HsFN max

Since F = 13.4441b < Fpyax = 138.357 Ib then our assumption is correct and there is no slipping.

193



Engineering Mechanics - Dynamics Chapter 13

Problem 13-66

The man has weight W and lies against the cushion for which the coefficient of static friction is .

If he rotates about the z axis with a constant speed v, determine the smallest angle & of the cushion
at which he will begin to slip off.

Given:
W = 150 Ib —,
——
Hs = 0.5
ft il
v=230—
S
d=28ft
Solution: Assume verge of slipping Guesses FN =11b 6 = 20 deg
-W v2
Given -FN sin(H) — usFN cos(e) =~ \q FNn cos(e) - W - usFN sin(&) =0
g

FN
( ) = Find(FN,6)  Fn =487.5631b 0= 47.463deg
0

Problem 13-67

Determine the constant speed of the passengers on the amusement-park ride if it is observed that
the supporting cables are directed at angle g from the vertical. Each chair including its passenger
has a mass m.. Also, what are the components of force in the n, t, and b directions which the chair

exerts on a passenger of mass m, during the motion?
Given: ' y
0 =30deg d=4m

m.=80kyg b=6m

m
mp = 50kg g =981 —
Solution:

The initial guesses:

T-100N v=102
S
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Given
V2
Tsinl8) = mg| ————
(6) = me d + bsin(0)
Tcos(&) -meg=0
T . m
( j = Find(T,v) T=0906209 N v=630—
v S

2
mpv

SF,=ma; Fp=-—b
oo " d+bsin(0)

Fn =283 N
2F; = ma; Ft=0N Ft=0

2F, = may; Fb—mpg:O Fb:mpg Fp =491 N

Chapter 13

*Problem 13-68

The snowmobile of mass M with passenger is traveling down the hill at a constant speed v.
Determine the resultant normal force and the resultant frictional force exerted on the tracks at

the instant it reaches point A. Neglect the size of the snowmobile.

Units Used: ¥
kN = 10°N
Given: —,
M = 200 kg
m
V=06—
S
a=5m i
b=10m
m
S N
Solution:
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6 = atan(y'(b))

Guesses Ns =1N F=1N

2
v
Gi Ng - M 0)=M
iven S gcos(6) (p(b)j

F - Mgsin(e) =0
Ns _ Ns 0.72
( F j = Find(Ns. ) ( = j B (—1.632jkN

Problem 13-69

The snowmobile of mass M with passenger is traveling down the hill such that when it is at
point A, it is traveling at speed v and increasing its speed at v'. Determine the resultant normal
force and the resultant frictional force exerted on the tracks at this instant. Neglect the size of
the snowmobile.

Units Used: ¥

kN = 10° N
Given: — I X
M = 200 kg a

10 m H\'\,H i

m|3
O
1l

Solution: .

3
X o fa)2
y(x) = —a(Bj y'(X) = 3[b3jx
3
. 2
PPN (PR

b

6 = atan(y'(b))

Guesses Ngs =1N F=1N

2
v

Given Ng — M gcos(ﬁ) =M _
p(b) Ns
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F-Mgsin(6) = Mv'
N N 0.924
( Sj = Find(Ns, F) ( SJ :( jkN
E F ~1.232

Problem 13-70

A collar having a mass M and negligible size slides over the surface of a horizontal circular rod
for which the coefficient of kinetic friction is z4. If the collar is given a speed v, and then

released at &= 0 deg, determine how far, d, it slides on the rod before coming to rest.

Given:
M =075kg r =100 mm

= m
Hk =03 g =981 —
2
m S
vi =4 —
S
Solution:
NCZ - M g = O ¥

2
v
Ncn = M[—j
r

2 2
Nc =4/ Ncz + Ncn

d = dv d=0.581 m

Problem 13-71

The roller coaster car and passenger have a total weight W and starting from rest at A travel down
the track that has the shape shown. Determine the normal force of the tracks on the car when the
car is at point B, it has a velocity of v. Neglect friction and the size of the car and passenger.

Given:
W = 600 Ib
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v =15 — ¥
S
a=20ft
b = 40 ft
Solution:

_ 2 ) = 4
y(x) = bCOS(Za) y'(x) = OIXy(x)

3
N
y" (%) ::_xy'(x) () Ay

y" (x)
At B 6 = atan(y'(a))
2
Fn - Weos(6) = ﬂ(v_) W
g\p

w v2
FN = Wcos(6) + —| —— Fn = 182.01b

g \p(a)
/

*Problem 13-72

The smooth block B, having mass M, is attached to the vertex A of the right circular cone using a
light cord. The cone is rotating at a constant angular rate about the z axis such that the block
attains speed v. At this speed, determine the tension in the cord and the reaction which the cone
exerts on the block. Neglect the size of the block.

My

My |.=3pr
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Chapter 13

Given: M = 0.2 kg v=05— a = 300 mm b = 400 mm
S
m
¢ = 200 mm g:9.81—2
S
Solution: Guesses T =1N N =1N
a
Set 0= atan(g) 6 = 36.87 deg
c
p = (—ja p =120mm
2 2
a +b
V2
Given Tsin(H) - NBcos(H) =M — Tcos + NBsin(H) -Mg=0
Y2,

T
= Find(T,Ng)
N

CREEE

Problem 13-73

The pendulum bob B of mass M is released from rest when 8 = 0°. Determine the initial tension
in the cord and also at the instant the bob reaches point D, & = 6,. Neglect the size of the bob.

Given:
M =5kg 61 =45deg
L=2m g:9.81mz B
Solution: ’
Initially, v = Oso ap = 0 T=0
At D we have
Mgcos(61) = May DN
<3
at = gcos(el) at = 6.937 mz
S
. M2 T -~
To - Mgsin(6y) = —— MP_,. _ = r:‘i”
Now find the velocity v Mg

Il
H
m|3

Guess v

| My,
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V
Given J’
0

m
v = Find(v) v =5.268 —
S

2
Tp = Mgsin(6y) + M(VTJ

01
vdv = J gcos(&)L do
0

Chapter 13

Tp=104.1 N

Problem 13-74

A ball having a mass M and negligible size moves within a smooth vertical circular slot. If it is
released from rest at &,, determine the force of the slot on the ball when the ball arrives at points

Aand B.
Given:
m
M = 2 kg 6 = 90 deg 61 =10deg r=08m g:9.81—2
S
Solution:
Mgsin(e) = Mat at = gsin(e)
At A 6p = 90 deg g,
oA
va = |29 J sin(e)rde
01
2
VA
Na - Mgcos(6a) = —M(—j
r
2
VA
NA = Mgcos(6p) - M[—j Np = —38.6 N
r

At B 6g = 180 deg - 61

VB2
N — Mgcos(dg) = —M(—j

r

VB

Ng = Mgcos(dg) - M[—rj

sin(ﬁ)rd&
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Problem 13-75

The rotational speed of the disk is controlled by a
smooth contact arm AB of mass M which is
spring-mounted on the disk.When the disk is at rest,
the center of mass G of the arm is located distance d :
from the center O, and the preset compression in the — o, |  ne
spring is a. If the initial gap between B and the

contact at C is b, determine the (controlling) speed
v of the arm’s mass center, G, which will close the

gap. The disk rotates in the horizontal plane. The
spring has a stiffness k and its ends are attached to
the contact arm at D and to the disk at E.

Given:
N
M = 30 gm a =20 mm b =10 mm d=150mm k=50 —
m
Solution:
FS = k(a+ b) FS = 15 N

2

VG VG2 . .
an = —— - [
" d+b Fs=M
d+b .F".\- — M, I

1
V6 = Mk (@+b)(@+b) v = 283 g

*Problem 13-76

The spool S of mass M fits loosely on the inclined rod for which the coefficient of static friction
is 1. If the spool is located a distance d from A, determine the maximum constant speed the

spool can have so that it does not slip up the rod.
Given:
M = 2 kg e=3 "

,USZO.Z f=4 b

d=025m g¢g=2981

Solution:

f
:d—
’ (2 2)

e+ f

Guesses Ng=1N v=1

m|3
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. e f v2

Given Ng| ——— | - sNg| —=1|=M| —

e2+ f2 e2+ f2 P

f e
Ng| — | + usNg| —=1|-Mg=0
2 2
e” + f e” + f

Ns _ m
= Find(Ns, v) Ns=21326 N v=0.969 —
Vv S

Problem 13-77

The box of mass M has a speed v, when it is at A on the smooth ramp. If the surface is in
the shape of a parabola, determine the normal force on the box at the instant x = x;. Also,
what is the rate of increase in its speed at this instant?

Given: ”
M=3kg a=4m
m 11
vgp =2 — b=—-—
S 9 m P i
- T
X1 = 3m '_}.1 "‘%.
“"--..,_x —~—V=f=hx
Solution: -~
y(x) =a- bx2 ‘\“\

y'(x) = -2bx  y"(X) = -2b

0(x) = atan(y'(x))

Find the velocity / '
t

V] = \/voz + 29(y(0 m) — y(xl)) v1 = 4.86 % n
Guesses FN =1N vi=1 mz
S
V12
Given Fn - Mgcos(6(x1)) = M ~Mgsin(9(x1)) = Mv
p(x1)
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FN :
= Find(Fn., V) FN = 179.9 N V' = 5.442
y

Problem 13-78

The man has mass M and sits a distance d from o -

the center of the rotating platform. Due to the / / ™,
- L (S

rotation his speed is increased from rest by the f ! \

rate v'. If the coefficient of static friction I (8] i

between his clothes and the platform is
determine the time required to cause him to slip. \
Given: - — i

M=80kg wus=03
d=3m D=10m

m m
— g =1981—
S2 2

5 .’Li £

Solution: Guess t=1s

Vi =04

2 (vp? 2
Given usMg= | (MV)" + MT

t = Find(t) t=7.39s

Problem 13-79

The collar A, having a mass M, is attached to a
spring having a stiffness k. When rod BC
rotates about the vertical axis, the collar slides
outward along the smooth rod DE. If the spring
is unstretched when x = 0, determine the
constant speed of the collar in order that x = x;.

Also, what is the normal force of the rod on the
collar? Neglect the size of the collar.

Given:
M = 0.75 kg
k = 200 —
m
X1 = 100 mm
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m
=981 —
g 2
S
Solution: -
= (o)
Guesses Ma,
m
Nb=1N Ny=1IN v=1—
S
V2
Given Np—Mg=0 Nt=0 kx; = M| —
X1
Np
_ Np 7.36 Nb m
Nt | = Find(Np, Nt,v) = N =736 N  v=1633—
Nt 0 Nt S
v

*Problem 13-80

The block has weight W and it is free to move along the smooth slot in the rotating disk. The
spring has stiffness k and an unstretched length 6. Determine the force of the spring on the block
and the tangential component of force which the slot exerts on the side of the block, when the
block is at rest with respect to the disk and is traveling with constant speed v.

Given:
W=2Ib e
Ib b a3
_ -~ F, r o "‘\\
k=25 ft ' H,.f-'f ,// : ™
5=125ft 2
F 'l | | .
ft i
v=12— T I'.
s I""III I".
Solution: \
w2 -y
SF,=ma,; Fs=klp-0)= _{_j o
g\p
Choosing the positive root,
1
p = T[kg5+(\/k29252+4kngz)i| p = 26171t
g
Fs = k(p - 0) Fs = 3.4191b
2F; = ma; 2F; = ma; Ft=0

Problem 13-81

If the bicycle and rider have total weight W, determine the resultant normal force acting on the
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bicycle when it is at point A while it is freely coasting at speed v, . Also, compute the increase in

the bicyclist’s speed at this point. Neglect the resistance due to the wind and the size of the
bicycle and rider.

Given:
W =180Ib d=5ft i | __ﬂ_""“m
ft
=6 — ft
VA=6- g0l
2
S = :
h =20 ft .
Solution: ¥ =Hcos {fdi)

y(xX) = h COS(/Z%)

Chapter 13

vl S
y'(x) = OIXy(X) y" (X) OIXy (X)

AtA x=d 6 = atan(y'(x)) \\

(1 y )
y" (X)

ft
Guesses FN =11b vi=1 -
s

Given FN - Wcos(é’) = ﬂ(vij —Wsin(H) = (ﬂjv

FN ft
( j = Find(Fn., V) FN = 69.03Ib V' = 29.362 —
VI

Problem 13-82

The packages of weight W ride on the surface of
the conveyor belt. If the belt starts from rest and
increases to a constant speed v, in time t;,

determine the maximum angle & so that none of
the packages slip on the inclined surface AB of the
belt. The coefficient of static friction between the
belt and a package is 1. At what angle ¢ do the
packages first begin to slip off the surface of the

belt after the belt is moving at its constant speed
of v;? Neglect the size of the packages.

205



Engineering Mechanics - Dynamics Chapter 13

Given:

W=5Ib t1=2s r=6in

o
ft lll,ﬂ-\-_ t'.':'."
V1 = 2 — Us = 0.3 i ‘L'“—u.
S £ w
A Vl }"‘"’ . T
Solution: a=— i, N,
t1 , N,
J
Guesses /

Ni =11b No =11lb 6 =1 deg ¢ = 1deg

Given
Nl—Wcos(H) =0 ySNl—Wsin(H) = (%ja

No — Wcos(¢) = ﬂ(vij HsNo — Wsin(¢) =0

g r
N1
N _ N1 4.83 0 14.99
= Find(N1,N2, 6, ) = Ib = deg
0 Ny 3.637 ¢ 12.61
¢

Problem 13-83

A particle having mass M moves along a path defined by the equations r = a + bt, = ct? + d and
7= e + ft3. Determine the r, 6, and z components of force which the path exerts on the particle

whent=t,.
Given: M = 1.5 kg a=4m b=3— z
s
d
c:l% d=2rad e=6m
j’.'“ -
. F
m m
f=—1—3 t1 =25 g=1981— \O/
S S - ey

Solution: t=1

r=a+ bt r=~nb r"=Om2
S

o=ctl+d @ =2t g =2

7= e+ft3 7' = 3ft2 7" = 6ft
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Fr = M(r" - r6’2)

Fr=-240 N
Fg = M(rg' + 2r'g) Fg=660N
F, = MZ" + Mg F, =-3.285 N

Chapter 13

*Problem 13-84

The path of motion of a particle of weight W in the horizontal plane is described in terms of polar
coordinates as r = at + b and &= ct? + dt. Determine the magnitude of the unbalanced force acting

on the particle when t = t;.

) ft
Given: W =5Ib a=2-— b
S
rad
S
Solution: t=1
r=at+b r'r=a
2
0 = ct” +dt g =2ct+d
ft
ar =" - r6?2 ar=-5—
2
s
ft
ag =rd' +2r'd ag=9—
S
w
F-2a?+as F = 1.599Ib
g

1ft

rad
c=05—

Problem 13-85

The spring-held follower AB has weight W and moves back and forth as its end rolls on the
contoured surface of the cam, where the radius is r and z = asin(26). If the cam is rotating at a
constant rate ¢, determine the force at the end A of the follower when 8= 6. In this position the

spring is compressed &;. Neglect friction at the bearing C.
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Given: (/

W =0751b &1 =04 ft |

— L r=¢ 50 & c

r=02ft 6 =45 deg [ : 7 o
b [:J ¥ PR '.I
a=01ft k=12— ‘ IF\J(C: X
ft ; '|
I A k
rad m \ '
0 =6— g=0981—
S 2
s
Solution: =60, 7= (a)sin(29) Fy
e ——]
- 5
2 =2(a)cos(20)8 7" = —4(a) sin(29)¢92 Fa—( J— ¢

w W
Fa— ko1 = (E)Z" Fa = ko1 + (E)z" Fa = 4.4641b

Problem 13-86

The spring-held follower AB has weight W and moves back and forth as its end rolls on the
contoured surface of the cam, where the radius is r and z = a sin(26). If the cam is rotating at a
constant rate of @, determine the maximum and minimum force the follower exerts on the cam

if the spring is compressed &, when 6= 45°,

Given:
W =0.751b /
r=02ft I.f
I ;
a=01ft = z=asinf C
\ : . B
d ; ;
o6 - ), 5
s | e i
61 =02 ft A I
ft
Ib = —
Ke10 2 g=322 >
ft S F
——
Fy——{) ] 2
Solution: When 6 = 45 deg Z = (a)cos(2<9) z=0m
So in other positions the spring is compresses a distance 01 +12
zZ= (a)sin(ze) Z' = 2(a) cos(20)6’ 7" = —-4(a) sin(20) 02
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Fa-ko1+2) = (%)z Fa = K o1 + (a)sin(20)] - (%)4(&1) sin(26) 6°

The maximum values occurs when sin(26) = -1 and the minimum occurs when sin(26) = 1

w
Famin = k(51 - a) + (5)4392 Famin = 1.5351b

w
Famax = k(51 + a) - (5)436’2 Famax = 3.2651b

Problem 13-87

The spool of mass M slides along the rotating rod. At the instant shown, the angular rate of
rotation of the rod is &, which is increasing at d'. At this same instant, the spool is moving

outward along the rod at r' which is increasing at r" at r. Determine the radial frictional force
and the normal force of the rod on the spool at this instant.

Given:
M = 4 kg r=05m
rad m
g =6 — r=3— - I
S S
rad m
g =2 — rr=1—
2 2
S S
-~ 981 1 =
g=29 5 -
S
Solution:
" 2 1 1]
ar =1r"-réd ag =rad' +2réd
Fr = Mar Fa = Mag
Fz = Mg

Fr=-680N Fg°+F;2=1531N

*Problem 13-88

The boy of mass M is sliding down the spiral slide at a constant speed such that his position,
measured from the top of the chute, has components r =r,, &= bt and z = ct. Determine the

components of force F,, F,and F, which the slide exerts on him at the instant t = t;. Neglect
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the size of the boy.

Given:

M = 40 kg

rp=15m
d

b =07
S
m

c=-05—
S

m
t1 =25 g =981

Solution:
r=rp
0= bt
z=ct

Fr = M(r" - rHZ)
Fg = M(re' + 2ro)

F;-Mg=Mz"

Fz = M(g +27")

Chapter 13

Problem 13-89

The girl has a mass M. She is seated on the horse of the merry-go-round which undergoes
constant rotational motion 4. If the path of the horse is defined by r =r,, z=bsin(6),

determine the maximum and minimum force F, the horse exerts on her during the motion.
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Given:
M = 50 kg
g =15 @
s
rp=4m
b=05m |
Solution: i
z = bsin(6) “u‘.r
Z' = bcos(e)H 1%
" = —bsin(e) 612
F,-Mg=Mz"

F;, = M(g - bsin(@) 6’2)

2
Fzmax = M(g +bo ) Fzmax = 547 N

2
Fzmin = M(g -bd ) Fzmin = 434 N

Problem 13-90

The particle of weight W is guided along the circular path
using the slotted arm guide. If the arm has angular velocity
¢ and angular acceleration &' at the instant = 6,
determine the force of the guide on the particle. Motion
occurs in the horizontal plane.

Given: 61 = 30 deg

W =051Ib a=05ft

o-4"0  y_ostt
S
d ft
a:s% g =322~ b
s s ‘ i
Solution: 0 =01
(a)sin(e) = bsin(¢) ¢ = asin(% sin(@)) ¢ = 30deg
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(a)cos(H)H = bcos(¢)¢' g = [(a)c—os(e)}g ¢ = 4@
bcos(¢) S
(a)cos(H)H' - (a)sin(e) 92 = bcos(¢)¢" - bsin(¢) ¢'2
g - (a)cos(H)H' - (a)sin(e) 672 + bsin(¢) ¢'2 5= 8@
- bcos(¢) - S2
r= (a)cos(e) + bcos(¢) r =—(a) sin(@)é’ - bsin(¢)¢'
r" = —(a) sin(H)H' - (a)cos(@) 6’2 - bsin(¢)¢" - bcos(¢) ¢'2
" 2
—Fncos(g) = M(r" - rﬂz) FN = M FN = 0.5691b
gcos(g)
. w ) w
F— Fysin(g) = (Ej(ra' +2r') F = Fysin(g) + (E)(ra' +2r'd) F=0.1431b

Problem 13-91

The particle has mass M and is confined to move along the smooth horizontal slot due to the
rotation of the arm OA. Determine the force of the rod on the particle and the normal force of the
slot on the particle when @= 6,. The rod is rotating with a constant angular velocity d. Assume the

particle contacts only one side of the slot at any instant.

Given:
M = 0.5 kg ;‘)"H
Me
61 = 30 deg i f '
rad
g =2 — r
S -
rad "
g =0—
32 -
:-'
h=05m
_ g8 1
g=29 >
S
Solution:
h
0 =61 h= rcos(@) r= r=0.577m
cos(e)
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0 =r'cos(6) - rsin(0)@ o= (r;':((:;ja ' = 0.667 %

0=r" cos(@) - 2r'sin(9)€ - rcos(e) 92 - rsin(@)H'

r" = 2r'¢9tan(9) + r¢92 + rtan(e)H' r" = 3.849 m

2
S

W2
(FN - Mg)cos(6) = M(r" - r€2) FN = Mg+ M(ij FN = 5.794 N
cos(6’)

~F + (FN - Mg)sin(8) = -M(r¢" + 2r'¢)

F = (FN - Mg)sin(6) + M(ré" +2r9)  F=1778 N

*Problem 13-92

The particle has mass M and is confined to move
along the smooth horizontal slot due to the
rotation of the arm OA. Determine the force of
the rod on the particle and the normal force of the
slot on the particle when 6= @,. The rod is

rotating with angular velocity € and angular
acceleration 8'. Assume the particle contacts only
one side of the slot at any instant.

f

Given: .
M = 0.5 kg
61 = 30 deg
g =2 @ h=05m
S F
g _gfd g=981 -
2 S
S
Solution:
0=01 h = rcos(6) r= _h r=0.577 m Fy
cos(e)
0o=r cos(e) - rsin(@)é’ r= (rsm(&)jg r' = 0.667 m
cos(6’) S

0=r" cos(@) - 2r'sin(9)€ - rcos(e) 92 - rsin(@)H'
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2 m

r" = 2r'6?tan(9) +réd + rtan(H)H' r" = 4.849 >

S

" 2
(FN - Mg)cos(6) = M(r" - r€2) FN = Mg+ M(ﬂ

FN =6.371 N
cos(&) j N

—F + (FN - Mg)sin(8) = -M(r¢" + 2r'¢)

F = (Fn - Mg)sin(6) + M(rg" +2r'6) F=2932N

Problem 13-93

A smooth can C, having a mass M, is lifted from a feed at A to a ramp at B by a rotating rod. If
the rod maintains a constant angular velocity of &, determine the force which the rod exerts on
the can at the instant = 6;. Neglect the effects of friction in the calculation and the size of the

can so that r = 2b cosé. The ramp from A to B is circular, having a radius of b.

Given:
i
M = 3 kg 61 = 30 deg ---HH\Q’{;__I
; — T
g -o5/d  b=0600mm N
S B . } -
b A A
Solution:
0= 91 - h -
r= 2bcos(6)
r= —2bsin(9)6?
" 2
r" = —2bcos(9) 7 Mo

Guesses FN =1N F=1N
Given
. " 2
Fncos(6) — Mgsin(6) = M(r —rd )

F + Fnsin(6) — Mgcos(6) = M(2r'g)

FN :
= Find(Fy., F) FN=15191N  F=16.99 N
F

Problem 13-94

The collar of weight W slides along the smooth horizontal spiral rod r = b8, where @is in
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radians. If its angular rate of rotation & is constant, determine the tangential force P needed to
cause the motion and the normal force that the rod exerts on the spool at the instant & = 4,.

Given:
W=2Ib
61 = 90 deg
rad
g =4 —
S |
b =2ft /
Solution:

w = atan| —
r

Guesses Ng=11b P=1Ib

Given

—NBsin(z//) + PCOS(l//) = (%)(—r 6’2)

Psin(y/) + NBCOS(I//) = (%)(m'e)

N
( j = Find(Ng, P) w=5752deg  Np=4771lb P=1677Ib
P

Problem 13-95
The collar of weight W slides along the smooth vertical spiral rod r = b6, where &is in radians.

If its angular rate of rotation @ is constant, determine the tangential force P needed to cause
the motion and the normal force that the rod exerts on the spool at the instant & = 4,.
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Given:
W=2Ib .
|_,'_rf__
61 = 90 deg &\
rad
g =4 —
S
b=2ft /’
Solution: e
£
=61 r=bo  r =hd PN

w = atan| —
r

Guesses Ng=11b P=1Ib

Given

~Ngsin(y) + Pos(y) - W = [g)(—rez)

psin(y) + Ng cos(y) = (g)(m)

NB
( j = Find(Ng, P) w=5752deg  Np=3.0841b P =2751lb
P

*Problem 13-96

The forked rod is used to move the smooth particle of weight W

around the horizontal path in the shape of a limacon r = a + bcosé. If
0= ct?, determine the force which the rod exerts on the particle at the
instant t = t,. The fork and path contact the particle on only one side.

Given:
W=2Ib Fv "
as2n 0 TNy
‘-\\
b = 1 ft H—
F

c =05 id

2

S
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t1 =1s
ft
=322 —
g 2
s
Solution: t=1 0 = ct2 g = 2ct g' =2

Find the angel wusing rectangular coordinates. The path
is tangent to the velocity therefore.

x = rcos(6) = (a)cos(6) + bcos(6’)2 x' = [—(a) sin(6) — 2bcos(6)sin(6)] @
y = rsin(6) = (a)sin(6) + %bsin(ze) y' = [(a)cos(6) + beos(26)]@
w=0- atan(xl:) w = 80.541 deg

Now do the dynamics using polar coordinates

r=a+ bcos(H) r' —bsin(e)H r" = —bcos(@) 6?2 - bsin(@)é"

Guesses F=11Ib FN =11b

Given -~ Fycos(y) = (ﬂj(re- care)  Fasin(y) - [ﬂj(r-- ~o?)

g g

E
(F j = Find(F,FN)  Fn = 0.2671b F =0.1631b
N

Problem 13-97

The smooth particle has mass M. It is attached to an elastic
cord extending from O to P and due to the slotted arm guide
moves along the horizontal circular path r =b siné. If the
cord has stiffness k and unstretched length ¢ determine the
force of the guide on the particle when @= 6,. The guide has

a constant angular velocity 4.

Given:
M = 80 gm
.
b=08m N/
N Np
k =30 — NN
m g0 S
Fy
6=025m
61 = 60 deg
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rad
g =5—
s
g =0 fad
2
S
Solution: 8 = 61 r= bsin(H) r= bcos(H)H " = bcos(&)H' - bsin(e)e

Guesses Np=1N F=1N
Given Npsm( ) ( 5) (r' —rHZ)

F- Npcos( ) M(rH +2r H)

F
(N ) - Find(F. Np) Np = 12.14 N F=767N
P

Problem 13-98

The smooth particle has mass M. It is attached to an elastic cord extending from O to P and due to
the slotted arm guide moves along the horizontal circular path r = b siné. If the cord has stiffness k
and unstretched length o determine the force of the guide on the particle when &= 6,. The guide has

angular velocity & and angular acceleration 8" at this instant.

Given:
M = 80 gm ,,\ /."
b=08m : '
N VAT N
k =30— I o
m
6=025m
61 = 60 deg
rad
g =5—
s
g =01
2
S
Solution: 8 = 6 r= bsin(H) r= bcos(H)H " = bcos(&)H' - bsin(e)e

Guesses Np=1N F=1N
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Given Np sin(6’) - k(r— 5) = M(r" - r6’2)

F- NpCOS(H) = M(rH' + 2r'€)

F
(N j = Find(F, Np) Np = 12.214 N F=7818 N
P

Chapter 13

Problem 13-99

Determine the normal and frictional driving forces that the partial spiral track exerts on the
motorcycle of mass M at the instant 8,6, and @'. Neglect the size of the motorcycle.

Units Used:
r= ht
kKN = 10° N
i
Given: s
M = 200 kg
b=5m
5 B
0 = == rad
3

rad
g =04 —

S
g = 0g '

S

Solution:

r=>bo r'=bd r" =hbo'

rg
v = atan(—'j w = 79.188 deg

r

Guesses FN =1N F=1N
- - H "n 2
Given -FN sm(y/) + FCOS(l//) - Mgsm(é’) = M(r -rd )

FN COS(l//) + Fsin(t//) - Mgcos(@) = M(ré" + 2r'€)

()t ()2
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*Problem 13-100

Using a forked rod, a smooth cylinder C having a mass M is forced to move along the vertical

slotted path r = aé. If the angular position of the arm is &= bt?, determine the force of the rod on
the cylinder and the normal force of the slot on the cylinder at the instant t. The cylinder is in
contact with only one edge of the rod and slot at any instant.

Given:
M = 0.5 kg Mg
r :
a=05m S~
LA907
1 N Y
b=05— e \/
S2 e
00" — ';y’ M,__,J'I
t1 =2s e \‘ 1 \
e VA B07 =
\ -
Solution: \
N
t=1t (

Find the angle wusing rectangular components. The velocity is parallel to the track therefore

x = rcos(6) = (abtz)cos(btz) X' = (2abt)cos(bt2) - (Zab2 t3)sin(bt2)
y = rsin(6) = (abtz)sin(btz) y' = (2abt)sin(bt2) + (Zab2 tS)cos(btz)
v = atan(xi:) - bt2 +7 w = 63.435deg

Now do the dynamics using polar coordinates

2 g = 2bt g =2b r=aé r =ad " =ad

6 = bt
Guesses F=1N Nc =1N
Given Nc sin(y/) - M gsin(e) = M(r" - rez)

F-Nc cos(z//) - Mgcos(e) = M(rH' + 2r'€)
F ) F 1.814
= Find(F,Nc) =( j N
Nc Nc 3.032

Problem 13-101

The ball has mass M and a negligible size. It is originally traveling around the horizontal circular
path of radius r, such that the angular rate of rotation is &. If the attached cord ABC is drawn

down through the hole at constant speed v, determine the tension the cord exerts on the ball at the
instant r = r,. Also, compute the angular velocity of the ball at this instant. Neglect the effects of
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friction between the ball and horizontal plane. Hint: First show that the equation of motion in the &

direction yields a,=r&" + 2r'd =(1/r)(d(r?@)/dt) = 0.When integrated, r’@ = ¢ where the constant
c is determined from the problem data.

Given:
M = 2 kg g My
rpo =05m
go =11 T € )
v=02-—
S
rp =025m N
Solution:
1d
SF,=Maz; 0=M(rg'+2re) = M[— a(rzﬂﬂ
r
ro ? d
ra
Thus c= rozﬁo = r12€1 g1 = (—j Ao 01 =4—
r S
m
r=rg r=-v r":O—2 0 =0,
S
T= —M(r" - rHZ) T=8N

Problem 13-102

The smooth surface of the vertical cam is defined in part by
the curve r = (a cos® + b). If the forked rod is rotating with
a constant angular velocity €, determine the force the cam
and the rod exert on the roller of mass M at angle 6. The
attached spring has a stiffness k and an unstretched length . |

Given:

N
a=02m k =30 — 6 = 30 deg
m

rad
b=03m Il =01m g =4 —
S
rad
g=981— M =2Kkg 9'20—2
S S

Solution:

r= (a)cos(e) +b
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r=-(a) sin(@)H

" = —(a) cos(6) 92 — (a)sin(6) &

w=atan| — |+ 7
r

Guesses FN =1N F=1N

Given Fnsin(w) — Mgsin(6) —k(r-1) = M(r" - raz)

F-FN COS(l//) - Mgcos(e) = M(r@' + 2r'¢9)
F F 10.524

( j = Find(F,Fy) ( j =( j N
FN FN 0.328

Problem 13-103

The collar has mass M and travels along the smooth horizontal rod defined by the equiangular spiral
r = ae’. Determine the tangential force F and the normal force N acting on the collar when 6= 6, if
the force F maintains a constant angular motion 4.

Given:

M = 2 kg

a=1m

61 = 90 deg

N,
g =2 fed
s
Solution:
6=6, 0 =246
r=ae’ r=age’ r = a(H' + az)eg

Find the angle yusing rectangular coordinates. The velocity is parallel to the path therefore

X = rcos(@) X' =r cos(@) -rd sin(&)
y = rsin(@) y' =r sin(@) +rd cos(@)
v = atan(xl:) -0+ w = 112.911 deg
Now do the dynamics using polar coordinates Guesses F=1IN Nc=1N
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Given FCOS(l//) - Nc cos(y/) = M(r" - er)

Fsin(z//) + Ncsin(y/) = M(r6" + 2r'6’)
F _ F 10.2
(ch = Find(F,Nc) (ch = (—13.7j N

*Problem 13-104

The smooth surface of the vertical cam is defined in part by the curve r = (a cos@+ b).
The forked rod is rotating with an angular acceleration &', and at angle &the angular

velocity is €. Determine the force the cam and the rod exert on the roller of mass M at this
instant. The attached spring has a stiffness k and an unstretched length I.

Given:

N
a=02m k=100 — & = 45deg
m

rad

b=03m Il =01m g =6 —
S

m rad
g=981— M=2kg g =2 —
2 2

S S

Solution:

r= acos(@) +b r=-(a) sin(6’)6’
" = —(a) cos(6) 6’2 — (a)sin(6) &

w=atan| — |+ 7
r

Guesses FN =1N F=1N

Given
FNsin(y/) - Mgsin(e) —k(r=-1 = M(r" - rHZ)

F-FN COS((//) - Mgcos(e) = M(r6" + 2r'6’)

() - [5)-()

Problem 13-105

The pilot of an airplane executes a vertical loop which in part follows the path of a “four-leaved rose,”
r=acos 26. If his speed at A is a constant v,, determine the vertical reaction the seat of the plane
exerts on the pilot when the plane is at A. His weight is W.
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Given:
a = —600 ft W =130 1Ib

ft r A
ft = _ I'I_ ,:-l_
vp = 80 — g 32'22 P SN
S S
. F
Solution: o 1 N
0 =90 deg Ik\_ : r dcos 26
; L‘r ]
r= (a)cos(ze) ' %l
Guesses W =~
S s S s
Given Note that Vp is constant so dvp/dt =0
r'=—-(a) sin(26?)26? r' =—(a) sin(26’)26" - (a)cos(26?)46’2
re +ré\r@d' +r'd
Vp = 24 (r0)2 0= + 16/ +2 )
r'2 + (rH)
rl
r ft ft
= Find(r',r",0,60')  r =0.000— =427
S S
gl
901329 g _1019x107 241
S
S
w
-FN-W = M(r" - raz) FN = -W — (—j(r" - rez) Fn = 85.31b
g

Problem 13-106

Using air pressure, the ball of mass M is forced to move through the tube lying in the horizontal plane
and having the shape of a logarithmic spiral. If the tangential force exerted on the ball due to the air is
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F, determine the rate of increase in the ball’s speed at the instant &= 6, .What direction does it act in?

Given:
M=05kg a=02m b=01

0 == F=6N ;
2 ':"]":—'I,l!-" T;Nf,
Solution:
f Oage—
bo }:5"-’
r ae 1 -
tan(y/) =—= 5 = — W
d_r abe o
de
1
v = atan(gj w = 84.289 deg
F m
F=MV V= — Vi =12 —
M s2

Problem 13-107

Using air pressure, the ball of mass M is forced to move through the tube lying in the vertical plane
and having the shape of a logarithmic spiral. If the tangential force exerted on the ball due to the air is
F, determine the rate of increase in the ball’s speed at the instant 6= 6,. What direction does it act in?

Given:
M=05kg a=02m b=01
r
VA
F=6N o =—
173
Solution:
aebg
tan(y) = — = 22— -+
d_r abe o
de
1
v = atan(gj w = 84.289 deg

F—Mgcos(y/)=Mv' v'=%—gcos(z//) v'=11.02322
S
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*Problem 13-108

The arm is rotating at the rate @ when the angular acceleration is ' and the angle is &,. Determine
the normal force it must exert on the particle of mass M if the particle is confined to move along the

slotted path defined by the horizontal hyperbolic spiral ré=b. =
Given: -
rad | [ap—
0 =5-— o0~ || r P
S L I P i
" J}"‘| &
rad j ~ /A
g =2 — / I
S fi F | | r .| R .-Ia
I| i : /'. TIT
6o = 90 deg f W E}/I )}
-0 Ny . 4
M = 0.5 kg ' —
b=02m
. b -b -b 2b
Solution: 6 =6 r=— r=|—160 r = - o'+ 3 6’2
o a g 0
b
r o
tan(y/) =——=—p= -0 v = atan(—H) w = —57.518 deg
d, =0
déo 0
Guesses Np =1N F=1N
Given —NpSin(l//) = M(r" - er) F+ NpCOS(l//) = M(rH' + 2r'6’)

()t (S22

Problem 13-109

The collar, which has weight W. slides along the smooth rod lying in the horizontal plane and having
the shape of a parabola r = a/( 1 — cos 6). If the collar's angular rate is ¢, determine the tangential

retarding force P needed to cause the motion and the normal force that the collar exerts on the rod at
the instatnt 8= 4,.

Given:

W =31Ib

a=4ft
rad

g =4 —
S

g - o™
2
S
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61 = 90 deg 9:32.232 M:ﬂ
S g
Solution: 0 =01
o a oo ~asin(60) 25
1—cos(6’) (1—cos(¢9))

—asin(@) P —acos(é’)tﬁ’2 N Zasin(ﬁ)zﬁ2
(1 - cos(e))2 (1 - cos(e))2 (1 - cos(6’))3

o=

Find the angle y using rectangular coordinates. The velocity is parallel to the path

X = rcos(&) X' =r cos(e) -rd sin(ﬁ) y = rsin(@) y' =r sin(e) +rd cos(H)
X" =r" cos(H) -2ré sin(ﬁ) -rg sin(ﬁ) - razcos(e)
y' =1r" sin(ﬁ) +2r'd cos(e) +rd sin(&) - rezsin(ﬁ)

W = atan(xl:) w = 45deg Guesses P=11Ib H=11Ib

Given PCOS(I/I) + Hsin(l//) = Mx" Psin(y/) - Hcos(z//) =My"

(P) _ (P) (12.649)
= Find(P, H) = Ib
H H 4.216

Problem 13-110

The tube rotates in the horizontal plane at a constant rate €. If a ball B of mass M starts at the
origin O with an initial radial velocity r'; and moves outward through the tube, determine the

radial and transverse components of the ball’s velocity at the instant it leaves the outer end at C.
Hint: Show that the equation of motion in the r direction is r" — rd = 0. The solution is of the

form r = Ae"?t + Be?". Evaluate the integration constants A and B, and determine the time tat r.
Proceed to obtain v, and v,
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Given:
rad
0 =4-— rg=15—
s s
M=02kg r;=05m - 2
Lo
Solution: P H}f}ii"- e
P e ’ Toe—
" 2 ~a r, -
0= mlr - ro?) 3¢ . "
at -t 1/ 4 &k & R >
r(t) = Ae” +Be ' G S
r'(t) :H(Aegt—Be_Ht) .
Guess A=1m B=1m
t=1s
Given 0=A+B ro=0(A-B) r=Ae/tiBe 7t
A
_ A 0.188
B | = Find(A,B,1) = m t1 = 0.275 s
B -0.188
ty
r(t) —aeftige 7t r'(t) :H(Aegt—Be_Ht)

ve=1r' (tl)

)-(5

Vg = I‘(t]_) g

)2

Problem 13-111

A spool of mass M slides down along a smooth rod. If the rod has a constant anaular rate of rotation

. . . . 2 .
6" in the vertical plane, show that the equations of motion for the spool are r"" — ré  — gsind = O and
2M @ r' + Ng — M gcos & = 0 where N is the magnitude of the normal force of the rod on the spool.

Using the methods of differential equations, it can be shown that the solution of the first of these
equations is r = C,e"%" + C,e" — (g/26%)sin(#1). If r, r' and Gare zero when t = 0, evaluate the
constants C, and C, and determine r at the instant 6= 4.
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Given:
Mg
M = 0.2 kg
d ‘”/
ra -
g =2 —
S
VA
0 = =
L= \
rad ay / Ny \ r
g =0— ' 4
2 /
S ~ 4
m
S
Solution:
M - : ( " 2) W2
IF,=Ma,; Mgsm(e) = M\r" - rd r"—rd - gsm(H) =0 [1]
2F ,= May; Mgcos(@) - Ng = M(rH' + 2r'6’) 2MAr' + Ng - Mgcos(@) =0
The solution of the differential equation (Eq.[1] is given by (E=le)
r= Cle_gt + C2e6’t -~ % sin(@t)
20
r'=-4¢ Cle_gt+ HCgegt— 3 cos(@t)
20
At t=0 r=0 0=C;+Cp F=0 0=-901+902—%
_ 0
Thus cl=—g2 c:2=i2 t=— t=039s
40 46 o
r=Cle_gt+Czth—[Ljsin(6't) r=0.198 m
2492

*Problem 13-112

The rocket is in circular orbit about the earth at altitude h. Determine the minimum increment in
speed it must have in order to escape the earth's gravitational field.
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Given:
h=410°m
12 m3
G =66.73x10 "——
2
kg-s
Me = 5.976 x 10°* kg t
Re = 6378 km
Solution:
. . GMe km
Circular orbit:  vc = ve = 6.199 —
Re +h
2GM k
Parabolic orbit: ve = ¢ Ve = 8.766—rn
Re +h S
km
AV = Vg — VG Av =257 —

S

Chapter 13

Problem 13-113

Prove Kepler’s third law of motion. Hint: Use Egs. 13-19, 13-28, 13-29, and 13-31.

Solution:
1 GM
From Eq. 13-19, 2~ ceos(6) + —
r 2
h
1 GMgs
For 6 = 0degand 6 = 180deg — =-C+
o h2

Eliminating C, From Egs. 13-28 and 13-29,

From Eq. 13-31, T = %(Za)(b)
2 T2 h2 4;:2 a2 G Mg

Thus, b™ = > >

4r°a? T2h h

1 G Mg
—=-C+
ra H2
2a 2G Mg
b2 h

2

Problem 13-114

A satellite is to be placed into an elliptical orbit about the earth such that at the perigee of its

orbit it has an altitude h,, and at apogee its altitude is h,. Determine its required launch velocity
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tangent to the earth’s surface at perigee and the period of its orbit.

Given: 3
— m
hp = 800 km G = 66.73x 107 ——
kg-s
ha = 2400 km o
Me = 5.976 x 10°* kg

s; = 6378 km

Solution: —————
tp=hp+sy  rp=7178km i | Y

ra = hg + 51 ra = 8778km N ]

rp ,) - -

(A= —mM o -
a7 26M, —
-1

2
rp VO

\/0 = (;Zj ‘\/E .\/rp(ra + rp)raG Me VO = 782kTm

FY rp + rp

2
m
fpVo h = 56.12x 107 -

>
Il

T = %(rp AN T=197hr

Problem 13-115

The rocket is traveling in free flight along an elliptical trajectory The planet has a
mass k times that of the earth's. If the rocket has an apoapsis and periapsis as shown
in the figure, determine the speed of the rocket when it is at point A.

Units Used:
Mm = 10° km
Given:
k = 0.60
a = 6.40 Mm
b =16 Mm
r =3.20 Mm
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2
- m
G = 6.673x 10 1 N1
2
kg
Me = 5.976 x 10°% kg
Solution: Central - Force Motion: Substitute Eq 13-27
—ro ith d k
- with rp=r,=a and M = kM
a GM 0 p e
-1
2
rovo
~ a a_(2GM (1+aj_ZGkMe
2GM 1 b aV02 b avp2
E:IV()2

2GKMgb Kk
Vo = [ Vp = 7.308
(a+b)a S

*Problem 13-116

An elliptical path of a satellite has an eccentricity e. If it has speed v, when it is at perigee, P,
determine its speed when it arrives at apogee, A. Also, how far is it from the earth's surface when it

is at A?
Units Used: e
" . --""-.H
Mm = 10° km / \ .,
,
- x-\'.
Given: /
| 2
e = 0.130
y
M -
m S i -
Vp = 15 — — e
hr — .
11 m2
G =6673x10 " N-—
2
kg
Me = 5.976 x 10°% kg
Re = 6.378 x 10° m
_ 2 (e +1)GMg
Solution: Vo = Vp o= fovo 1 = ——— ro = 25.956 Mm
G Mg Vo
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ro(e+1) Voro Mm
rA = ———— ra = 33.7Mm vp = —— va = 11.5—
l-e ra hr

d=ra-Re d=27.3Mm

Problem 13-117

A communications satellite is to be placed into an equatorial circular orbit around the earth so
that it always remains directly over a point on the earth’s surface. If this requires the period T
(approximately), determine the radius of the orbit and the satellite’s velocity.

Units Used: Mm = 103 km

Given: T =24hr G = 66.73x 10 12

Me = 5.976 x 10°% kg

kg-s
Solution:

GMe Ms '\/lsV2 GMe (Zﬂ-rjz
r2 r r

1 il

1 3 2 v 3

r=—2" \GMgT" 2r=422Mm

2xr km
v=22 V=307 —
S

Problem 13-118

The rocket is traveling in free flight along an elliptical trajectory A'A. The planet has no
atmosphere, and its mass is ¢ times that of the earth’s. If the rocket has the apogee and
perigee shown, determine the rocket’s velocity when it is at point A.

Given:

a = 4000 mi
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b = 10000 mi
c=0.6
r = 2000 mi
_g Ibf-ft?
G = 344 X 10 —2
slug
Mg = 409 x 1021 slug
Solution:
rp =a OA' =D
]
OA' =

3 ft
Vo =239x%x 10" —
S

Chapter 13

Problem 13-119

The rocket is traveling in free flight along an elliptical trajectory A'A. If the rocket is to land
on the surface of the planet, determine the required free-flight speed it must have at A' so
that the landing occurs at B. How long does it take for the rocket to land, in going from A’

to B? The planet has no atmosphere, and its mass is 0.6 times that of the earth’s.

Units Used:
Mm = 10° km

Given:

a = 4000 mi r = 2000 mi

b = 10000 mi

c =06

g Ibf-ft?

2
slug

G =344x10

Solution:

Mp = MeC ()Al = b

Mg = 409 x 1021 slug
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2 ft
Vo = LZ\/OB(OA' + OB)OA' G Mj, Vo = 365x 105" (speed at B)
OA' OB + OB S
OBV 2
0 3 ft 9 ft
vp = var=73x10"— h = OBvg h =3855x 10" —
OA' S S
Thus,

T21219x10° s

OB + OA' T
T = %\/OBOA' > = 169

*Problem 13-120

The speed of a satellite launched into a circular orbit about the earth is given by Eq. 13-25.
Determine the speed of a satellite launched parallel to the surface of the earth so that it travels
in a circular orbit a distance d from the earth’s surface.

2

. — m
Given:  d = 800 km G = 6673x10 N-— Mg = 5.976 x 10°* kg
kg
fe = 6378 km
Solution:
GMe km
v = v = 74540
d+re S

Problem 13-121

The rocket is traveling in free flight along an elliptical trajectory A'A .The planet has no atmosphere,
and its mass is k times that of the earth’s. If the rocket has an apoapsis and periapsis as shown in the
figure, determine the speed of the rocket when it is at point A.

Units used: —_—
Mm = 10° km
Given:
k = 0.70
a=6Mm
b =9Mm
r=3Mm
Mg = 5.976 x 10°* kg
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G = 6673x10 1N

Sk

kg
Solution:

Central - Force motion:

1) a 2GkMeb km
g = ——— b ———M— Vp = [——— Vp = 7472 —
26M 2G(kMe) . a(a+b) s

2
rovo a vp2

Problem 13-122

The rocket is traveling in free flight along an elliptical trajectory A'A .The planet has no atmosphere,
and its mass is k times that of the earth’s. The rocket has an apoapsis and periapsis as shown in

the figure. If the rocket is to land on the surface of the planet, determine the required free-flight
speed it must have at A’ so that it strikes the planet at B. How long does it take for the rocket to
land, going from A’ to B along an elliptical path?

Units used:
Mm = 10° km
Given:
k = 0.70
a=6Mm
b=9Mm
r=3Mm

Mg = 5.976 x 10°* kg

_ m
G =6673x10 N1

Solution:

Central Force motion:

1) r 2GkMeb km
g = ——— b ———M— Vp = [———— Vp = 11.814 —
26M 2G(kMe) . r(r + b) s

2
rovo rvp2

r km
raVa = I’pr Va = B Vp Va = 3938T
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2
Eq13-20gives h =vpr  h=23544x10°
s
Thus, applying Eq.13-31we have T = %(r +b)+/rb T=5527x10° s

The time required for the rocket to go from A' to B (half the orbit) is given by

T .
t = E t = 46.1 min

Problem 13-123

A satellite S travels in a circular orbit around the earth. A rocket is located at the apogee of its elliptical
orbit for which the eccentricity is e. Determine the sudden change in speed that must occur at A so

that the rocket can enter the satellite’s orbit while in free flight along the blue elliptical trajectory. When
it arrives at B, determine the sudden adjustment in speed that must be given to the rocket in order to
maintain the circular orbit.

Units used:
Mm = 10° km
Given:
e = 0.58
a =10 Mm
b = 120 Mm |1

Mg = 5.976 x 10°* kg

2
_ m
G =6673x10 LN
2
kg — -
Solution:
: 1 GMe ch? rovo
Central - Force motion: C=—|1- h=rgvg e= = -
I’o rO VO G Me GMe
(1+€)GMe " 0 _ 0
Vo= |[———— 2G Mg 1
ro -1 2 -1
l1+e
rvp
l-e 1-¢e 6
rg =ra ro = b ro =31.90x 10" m
l+e l+e

(1+€)(G)(Me) 3m
A ASd Vo1 = 4.444 x 10° =

Substitute  rp; = rg Vp1 = j
rp]_ S
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Mp1 3m
Val = T pl Val = 1181 X 10 ?

When the rocket travels along the second elliptical orbit , from Eq.[4] , we have

1-¢ —-a+b
a= b e' = e' = 0.8462
1+¢' b+a
. (1+¢)(G)(Me) 3m
Substitute  rg =rp2 = a 2 =a Vp2 = Vp2 = 858 x 10" —
rp2 S
. M2 m
Applying Eg. 13-20, we have Vg2 = Tvpz Va2 = 715.021 —
s

For the rocket to enter into orbit two from orbit one at A, its speed must be decreased by

m
AV = Va1 — Va2 Av = 466 N

If the rocket travels in a circular free - flight trajectory , its speed is given by Eq. 13-25

GMe 3 m
Ve = 6.315 x 10° —
a S

The speed for which the rocket must be decreased in order to have a circular orbit is

VC:

km
AV = Vp2 — V¢ Av = 2.27T

*Problem 13-124

An asteroid is in an elliptical orbit about the sun such that its perihelion distance is d. If the
eccentricity of the orbit is e, determine the aphelion distance of the orbit.

Given:  d = 9.30x 10° km e = 0.073
Solution; p =d ro=d
2 2 2
ch’ 1 GMs )| ro Vo rovo
e = =—|1- e = -1
GMS I’o rO VO GMS GMS
GMg 1 ro ro(e+1) 9
= rA=—— rA = ———— ra = 10.76 x 10” km
2 e+1 2 1-e
roVvo —
e+1

Problem 13-125

A satellite is in an elliptical orbit around the earth with eccentricity e. If its perigee is h, determine its
velocity at this point and also the distance OB when it is at point B, located at angle &from perigee as
shown.
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Units Used: Mm = 103 km I
Given: . /
e = 0.156
8. .
0 = 135 deg &£
5;;.. L |I— F |
hp =5 Mm Pl hy e g/
k| s
3 —
_ m
G=6673x10 2 M _
2
kg-s

Me = 5.976 x 10°* kg

Solution:
2.2 2
G Mg hp th02 G Mg G Mg
1 km
Vo :—w/hpGMe(e+1) vo =9.6—
hp S
1 1 GMe GMe
—:h— 1- 5 cos(e)+ N
r p thO hp VO
1 1 1
-—=—|1- cos(6) + —
r h e+1 hple+1
p p
e+1
r = hp _ r=6.5Mm
e-cos(9)+1

239



Engineering Mechanics - Dynamics

Problem 13-126

The rocket is traveling in a free-flight
elliptical orbit about the earth such that
the eccentricity is e and its perigee is a
distanced d as shown. Determine its
speed when it is at point B. Also
determine the sudden decrease in speed
the rocket must experience at A in order
to travel in a circular orbit about the

earth.
Given:
e = 0.76
d=9x10%m
11 m2
G =6.673x10 = N-—
2
kg

Me = 5.976 x 10°* kg
Solution:

Central - Force motion:

ro Vo 2

2

Chapter 13

e . T

|
A

1 GMe
C=—|1- h=rgvo

ch2  rovo’ 1 GM, (1+6)GMs
GMe GMe 1+e rOVO ro
1+e 6
rp = d R, =66x10 m h =d
a (1—e) a D
g - [LEeICMe vo = g8.831 <™ v = [ Ly v, = 12XM
P d p=" S R a= ="y

If the rockets in a cicular free - fright trajectory, its speed is given by eq.13-25

GMe
d

VC:

m
Ve = 6656.48 —
S

The speed for which the rocket must be decreased in order to have a circular orbit is

km

Av = vp — V¢ Av = 217 —

S
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Problem 13-127

A rocket is in free-flight elliptical orbit around the planet Venus. Knowing that the periapsis and
apoapsis of the orbit are r, and a,, respectively, determine (a) the speed of the rocket at point

A', (b) the required speed it must attain at A just after braking so that it undergoes a free-flight
circular orbit around Venus, and (c) the periods of both the circular and elliptical orbits. The
mass of Venus is a times the mass of the earth.

Units Used:
Mm = 10° km
] .
Given: b
a = 0.816 ap:26Mm i f 0 II'||
AN : 1=
f =8 Mm rp:8Mm & /
“12 m° _ e "4
G = 66.73x 10 _— s
2
kg-s
Me = 5.976 x 10°* kg I i "
Solution:
24
My = aMeg My = 4.876 x 107" kg
OA o
OA'=———— Pp=—=
GMp 2G My,
2 1 5 1
OAvg p VA
1 km
VA = [—Zjﬁ\/rp(ap + Ip)ap G My VA = 7'89T
ap rp + rp
VA km
VA = —— v'p =243 —
ap S
GMy km
VA = V'a = 6.38—
' S
. . 27Z'rp
Circular Orbit: Te = — Tc=219hr
VA
T
Elliptic Orbit: Te = —(rp+a ma Te = 6.78 hr
P e rva( p p)\/ pap e
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