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12-1.

A baseball is thrown downward from a 50-ft tower with an
initial speed of 18 ft/s. Determine the speed at which it hits
the ground and the time of travel.

SOLUTION

v3 =1 + 2a.(s, — 1)

v = (18)* + 2(32.2)(50 — 0)
v, = 59.532 = 59.5 ft/s

v, =0 +oa.t

59.532 = 18 + 32.2(f)

t=129s

Ans.

Ans.



12-2.

When a train is traveling along a straight track at 2 m/s, it
begins to accelerate at a = (60 v™*) m/s?, where v is in m/s.
Determine its velocity v and the position 3 s after the

acceleration.
SOLUTION
Lo
dt
ar="
a
3 v
/ g = / dv_4
0 2 60v
1
3= %(vf’ - 32)
v =3925m/s = 3.93m/s Ans.
ads = vdv
d 1
ds = % = @vs dv
s 1 39S
ds = — v dv
Lol

1 ’06 3.925
T @(F> >

=998 m Ans.




12-3.

From approximately what floor of a building must a car be
dropped from an at-rest position so that it reaches a speed
of 80.7 ft/s (55 mi/h) when it hits the ground? Each floor is
12 ft higher than the one below it. (Note: You may want to
remember this when traveling 55 mi/h.)

SOLUTION

(+1)  v? =0} + 2a.(s — s0)

80.72 = 0 + 2(32.2)(s — 0)
s = 101.13 ft
101.1
# of floors = 01.13 = 843

12

The car must be dropped from the 9th floor.

Ans.



*12-4.

Traveling with an initial speed of 70 km/h, a car accelerates
at 6000 km/h? along a straight road. How long will it take to
reach a speed of 120 km/h? Also, through what distance
does the car travel during this time?

SOLUTION

v=1 + a.t

120 = 70 + 6000(z)

t =833(1073) hr = 30s Ans.
VP =]+ 2as — 51)

(120)? = 70* + 2(6000)(s — 0)

s = 0.792km = 792 m Ans.



12-5.

A bus starts from rest with a constant acceleration of 1 m/s.
Determine the time required for it to attain a speed of 25 m/s
and the distance traveled.

SOLUTION

Kinematics:

vy =0,v =25m/s, s, = 0,and a, = 1 m/s%.

(i)) 1)=1)0+act

25 =0+ (1)

t=25s Ans.
(i)) V¥ = vl + 2a.(s — sp)

252 =0+ 2(1)(s — 0)

s=3125m Ans.



12-6.

A stone A is dropped from rest down a well, and in 1 s
another stone B is dropped from rest. Determine the
distance between the stones another second later.

SOLUTION

1
+ls sl+v1t+5act2

s4=0+0+ %(32.2)(2)2
54 = 64.4 ft

1 2
s4=0+0+(322)(1)

sp = 161 ft

As = 644 — 16.1 = 483 ft Ans.



12-7.

A bicyclist starts from rest and after traveling along a
straight path a distance of 20 m reaches a speed of 30 km/h.
Determine his acceleration if it is constant. Also, how long
does it take to reach the speed of 30 km/h?

SOLUTION

v, = 30 km/h = 8.33 m/s
V5= + 2a.(s, — 5)
(833)> =0 + 2a.(20 — 0)
a. = 1.74 m/s?

v, = v +oaqt

833 = 0 + 1.74(1)

t =480s

Ans.

Ans.



“W12-8.

A particle moves along a straight line with an acceleration
of a=5/(3s"3+ s7?) m/s?, where s is in meters.
Determine the particle’s velocity when s = 2 m, if it starts
from rest when s = 1 m. Use Simpson’s rule to evaluate the

integral.

SOLUTION

5

)

ads = vdv
2 v
5d
/1755: /vdv
1 (3s5+sf> 0
1
0.8351=5v2

v =129m/s

Ans.

Mech.MuslimEngineer.Net



12-9.

If it takes 3 s for a ball to strike the ground when it is released
from rest, determine the height in meters of the building
from which it was released. Also, what is the velocity of the
ball when it strikes the ground?

SOLUTION

Kinematics:
v=0,a,=g=981m/s’> t=3s ands = h.
(+l) v =10yt ad
=0+ (9.81)(3)
=294 m/s Ans.

+1 s:so-‘rvot-i-lactz
( ;

1
h=0+0+ 5(9.81)(32)

=441m Ans.

oMl alaiyl - dyilSall dial



12-10.

The position of a particle along a straight line is given by
s = (1.5 — 13.5t> + 22.51) ft, where t is in seconds.
Determine the position of the particle whent = 6 s and the
total distance it travels during the 6-s time interval. Hint:
Plot the path to determine the total distance traveled.

SOLUTION

Position: The position of the particle when ¢ = 6 s is

Sli—gs = 1.5(6%) — 13.5(6%) + 22.5(6) = —27.0 ft Ans.

Total DistanceTraveled: The velocity of the particle can be determined by applying

Eq.12-1. ’loﬁkl |/0-5ft|
ds (o]

v=— =450 - 27.0t + 22.5 é - ;3
dt L Sy -
[ Pinduins =~
I 480 {t a
The times when the particle stops are t t T }
S:-3I5ft S=RM0Ft S50 Ssi5it
4500 — 27.0t + 225=10 t55 t= 065 teo  t=ls

t=1s and t=35s
The position of the particle at# = 0s,1sand 5 s are
slizos = 1.5(0%) — 13.5(0%) + 22.5(0) = 0
slets= 1.5(1%) = 13.5(1%) + 22.5(1) = 10.5ft
s\,:55= 1.5(5%) — 13.5(5%) + 22.5(5) = —37.5ft
From the particle’s path, the total distance is

Sior = 10.5 + 48.0 + 10.5 = 69.0 ft Ans.

Mech.MuslimEngineer.Net



12-11.

If a particle has an initial velocity of vy = 12 ft/s to the
right, at sy = 0, determine its position when ¢t = 10s, if
a = 21ft/s? to the left.

SOLUTION

i) s =8y T vyt + lactz
< 2

=0+ 12(10) + %(—2)(10)2

= 20 ft Ans.

oMl alaiyl - dyilSall dial



*12-12.

Determine the time required for a car to travel 1 km along
aroad if the car starts from rest, reaches a maximum speed
at some intermediate point, and then stops at the end of
the road. The car can accelerate at 1.5 m/s” and decelerate

at 2 m/s%

SOLUTION

Using formulas of constant acceleration:

vy, = 1.5 t

= 0.5)@)

0:'[)2_2[2

mm—x:w@—gm@)

Combining equations:
=133, v, =20
x=1333

1000 — 1336 =28 — 6
t, = 20.702 s; t; = 27.603 s

t=1t +t =483s

Ans.

Mech.MuslimEngineer.Net
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12-13.

Tests reveal that a normal driver takes about 0.75 s before v, =44 1t)s

he or she can react to a situation to avoid a collision. It takes
about 3 s for a driver having 0.1% alcohol in his system to
do the same. If such drivers are traveling on a straight road

(Al

at 30 mph (44 ft/s) and their cars can decelerate at 2 ft/s?,
determine the shortest stopping distance d for each from
the moment they see the pedestrians. Moral: If you must
drink, please don’t drive!

SOLUTION

Stopping Distance: For normal driver, the car moves a distance of
d' = vt = 44(0.75) = 33.0 ft before he or she reacts and decelerates the car. The
stopping distance can be obtained using Eq. 12-6 with sy = d' = 33.0ftand v = 0.

(i>) v = 0] + 2a, (s — sg)
0% = 44% + 2(-2)(d — 33.0)

d = 517 ft Ans.

For a drunk driver, the car moves a distance of d' = vt = 44(3) = 132 ft before he
or she reacts and decelerates the car. The stopping distance can be obtained using
Eq.12-6 with sy = d' = 132 ftand v = 0.

(i>) v2=v(2)+2ac(s—so)
07 = 44 + 2(-2)(d — 132)

d = 616 ft Ans.

oMl alaiyl - dyilSall dial
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12-14.

A car is to be hoisted by elevator to the fourth floor of a
parking garage, which is 48 ft above the ground. If the
elevator can accelerate at 0.6 ft/s?, decelerate at 0.3 ft/s?,
and reach a maximum speed of 8ft/s, determine the
shortest time to make the lift, starting from rest and ending
at rest.

SOLUTION

+1 P =vf+ 2a. (s — s0)

Vax = 0 + 2(0.6)(y — 0)

0 = V% + 2(—0.3)(48 — y)
0=12y—0.6(48 — y)

Yy =160ft,  vpa = 4.382ft/s < 8 ft/s
+1 v=w +a.t

4382 =0+ 0.6 14

t; = 7.303s

0=4382-03n

t, = 14.61s

t=1t +1t,=219s Ans.

Mech.MuslimEngineer.Net
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12-15.

A train starts from rest at station A and accelerates at
0.5 m/s? for 60 s. Afterwards it travels with a constant
velocity for 15 min. It then decelerates at 1 m/s” until it is
brought to rest at station B. Determine the distance
between the stations.

SOLUTION

Kinematics: For stage (1) motion, vy = 0,5y = 0,¢ = 60s, and a, = 0.5 m/s% Thus,

1
(i)) s=s0+voz+5actz
1 2
ﬁ:o+o+5m$@n=9mm

'U='U0+acl

L+

v = 0 + 0.5(60) = 30 m/s

For stage (2) motion, vy = 30 m/s, so = 900 m, a, = 0 and ¢t = 15(60) = 900 s. Thus,

(

L
) s=s0+v0t+5act

L+

s, = 900 + 30(900) + 0 = 27 900 m

For stage (3) motion, v, = 30 m/s, v = 0, s, = 27 900 m and a, = —1 m/s’. Thus,

(i)) v =1yt ad
0=30+ (—1)
t=30s

i) s =8y T vyt + lactz

2
1
gzﬂ%%ﬁwm+?ﬂmﬁ

= 28350 m = 28.4 km Ans.

oMl alaiyl - dyilSall dial



*12-16.

A particle travels along a straight line such that in 2 s it
moves from an initial position s, = +0.5m to a position
sg = —1.5m. Then in another 4 s it moves from sz to
sc = +2.5 m. Determine the particle’s average velocity
and average speed during the 6-s time interval.

SOLUTION

As = (sc —s4) =2m

sp= (05 +15+15+25) =6m
t=02+4)=6s

_As 2

Vapg = =6 0.333 m/s Ans.
ST 6
(vsp)twg = 7 = g =1 m/s Ans.
2-5m J
L /5m 0:5m)
t2s
\q-lf;'—*---¢ ftfo f,:éS’
e e — D ——— - -
t 1 +—~5(m)
-5 o 05 23

Mech.MuslimEngineer.Net



12-17.

The acceleration of a particle as it moves along a straight
line is given by a = (2t — 1) m/s?, where ¢ is in seconds. If
s=1m and v =2m/s when ¢ =0, determine the
particle’s velocity and position when ¢ = 6s. Also,
determine the total distance the particle travels during this

time period.
SOLUTION

v t
/ dv= [ 2t—1)drt
2 0

v=r—1+2

N t
/ds— =t +2)dt
1

0

13
=P - =
73

Whent = 65,
v=32m/s
s = 67m

Since v # 0 then
d=67—1=66m

Ans.
Ans.

Ans.

oMl alaiyl - dyilSall dial



12-18.

A freight train travels at v = 60(1 — ¢ ') ft/s, where t is the
elapsed time in seconds. Determine the distance traveled in
three seconds, and the acceleration at this time.

SOLUTION
v==60(1—-¢"

s 3
/ds = /1} dt = / 60(1 — e ")dt
0 0

s=60(t+ e N3

s = 123 ft Ans.
dv
=— =60(e"
a o (e™)
Att=3s
a = 60e™3 = 2.99 ft/s Ans.

Mech.MuslimEngineer.Net



12-19.

A particle travels to the right along a straight line with a
velocity v = [5/(4 + s)] m/s, where s is in meters. Determine
its position when ¢t = 6sif s = 5Sm when ¢t = 0.

SOLUTION
ds 5
dt 4 +s

N t
/(4+s)ds:/5dt
5 0

45+ 0552 —-325=5¢

Whent = 65,

sf+8s—125=0
Solving for the positive root

s = 7.87m Ans.

oMl alaiyl - dyilSall dial



*12-20.

The velocity of a particle traveling along a straight line is
v = (3t — 61) ft/s, where ¢ is in seconds. If s = 4 ft when
t = 0, determine the position of the particle when ¢t = 4s.
What is the total distance traveled during the time interval
t = 0tor = 4s? Also, what is the acceleration when t = 2 s?

SOLUTION

Position: The position of the particle can be determined by integrating the kinematic
equation ds = v dt using the initial condition s = 4 ft when ¢ = 0 s. Thus,

(%) ds = vdt
[ ;ds = /0 t(3z2 — 61)d c e -

S ) t:’z“"‘l e |=4 5
s4ﬂ=(t3—3t2)0 C') 4?_ 2'0
s=(F-32+4)ft (&)

Whent = 4s,
sas=4>—3(4%) +4=20ft Ans.

The velocity of the particle changes direction at the instant when it is momentarily
brought to rest. Thus,

v=23"~6t=0
t(3t —6)=0
t=0andt =2s
The position of the particle at + = 0 and 2 s is
sly, =0 —3(0%) + 4 =41t

s, =2 -3(22) +4=0

Using the above result, the path of the particle shown in Fig. a is plotted. From this
figure,

STor = 4 + 20 = 24 ft Ans.
Acceleration:
dv d
+ _ _ 2
=—=—3r -6
(_’) “Ta T a ( )
a= (6t — 6)ft/s
Whent = 25,

al—rs = 6(2) — 6 = 6ft/s>— Ans.

Mech.MuslimEngineer.Net
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12-21.

If the effects of atmospheric resistance are accounted for, a
falling body has an acceleration defined by the equation
a = 9.81[1 — v*(10*)] m/s?, where v is in m/s and the
positive direction is downward. If the body is released from
rest at a very high altitude, determine (a) the velocity when
t = 5s,and (b) the body’s terminal or maximum attainable
velocity (as t — o).

SOLUTION
Velocity: The velocity of the particle can be related to the time by applying Eq. 12-2.

(+1) i =2

a
t v
[y e —
b 9.81[1 — (0.010)]

0
;= L[ / Lodv / L}
9.81 [ Jy 2(1 + 0.01v)  Jy 2(1 — 0.01v)

1+ 0.01v
9.81t = S0In| —————
n(l - 0.01v>
B 100(60.1962 _ 1)
v= Q01962 4 @
a) Whent = 5 s, then, from Eq. (1)
100[60.1962(5) _ 1]
=—F——————=455m/s Ans.
Q0196205) 4 /
0.1962 _
b) Ift — OO,W — 1.Then, from Eq(l)
Vmax = 100 m/s Ans.

oMl alaiyl - dyilSall dial



12-22.

The position of a particle on a straight line is given by
s = (£ — 9 + 15¢) ft, where ¢ is in seconds. Determine the
position of the particle when ¢t = 6 s and the total distance it
travels during the 6-s time interval. Hint: Plot the path to

determine the total distance traveled.

SOLUTION

s=10 -9+ 15t

v:@:3t2—18t+15
dt

v=0whent=1sandtr =15s

t=15s,5=-25ft
t=06s, 5 =—181t

sp=T+7+25+ (25— 18) = 461t

Ans.

Ans.

Mech.MuslimEngineer.Net



12-23.

Two particles A and B start from rest at the origin s = 0 and
move along a straight line such thata, = (61 — 3) ft/s*> and
ap = (126 — 8) ft/s?, where ¢ is in seconds. Determine the
distance between them when ¢ = 4 s and the total distance
each has traveled in ¢ = 4.

SOLUTION

Velocity: The velocity of particles A and B can be determined using Eq. 12-2.

d'UA = aAdt

vy t
/ dvy = /(6[ — 3)dt
0 0

vy =302 = 3t

d'UB = aBdt
vp t
/ dvg = / (122 — 8)dt
0 0
v = 48 — 8t

The times when particle A stops are
3 -3r=0 (=0sand=1s

The times when particle B stops are
49 -8t =0 t=0sandf = \V2s

Position: The position of particles A and B can be determined using Eq. 12-1.

dSA = UAdt
SaA t
/ ds, = [ (3% — 3t)dt
0 0
sqa=1 - %IZ
dSB = det

Sp
/ dSB
0

t
/ (463 — 8t)dt
0
sp =14 — 47
The positions of particle A att = 1s and 4 s are

3
Salic1s =1 — 5(12) = —0.500 ft

3
Saleas =4 — 5(42) = 40.0 ft

Particle A has traveled
dy =2(05) +40.0 = 41.0ft Ans.

The positions of particle B at t = V2sand4sare

sgli=va = (V2)* — 4(V2)2 = —4 1t
Sgliea = (@) — 4(4)% = 1921t
Particle B has traveled
dg = 2(4) + 192 = 200 ft Ans.
Att = 4 s the distance beween A and B is
Asyp =192 — 40 = 15%{&“_.“)" olaiyl - clilSyuall éﬁ_{

f“/-i(l.Sft
<o
ST
S A }
S4=-050 S, =0 Sy =400 ft
t=1s t=0s (=4s
,.ﬁﬁ_fH
N o e - ——— et e —
L Q
, 1% ft o
T T T °
Sy=-4.0ft Sg=0 Sg=192
t=N2s 1=0s 1=4s



*12-24.

A particle is moving along a straight line such that its
velocity is defined as v = (—4s%) m/s, where s is in meters.
If s=2m when ¢ =0, determine the velocity and
acceleration as functions of time.

SOLUTION
v = —4s?

ds
[ia— _42
dt g

N t
/sfzds= /—4dl
2 0
—s7l3 = 4l
1
t= Z(fl - 0.5)

2

N

16

T8+ 1

2 2
E— =
v (8t+1>

&+ 12 S
Cdv 16()8t + 1)) 256
Cdt T B+ 1) (8 + 1)

m/s’

Ans.

Ans.

Mech.MuslimEngineer.Net



12-25.

A sphere is fired downwards into a medium with an initial
speed of 27m/s. If it experiences a deceleration of
a = (—6t) m/s?, where f is in seconds, determine the
distance traveled before it stops.

SOLUTION
Velocity: vy = 27 m/s at t, = 0s. Applying Eq. 12-2, we have
(—i—l) dv = adt
v t
/ dv = / —6tdt
27 0
v = (27 - 32) m/s @

Atv = 0, from Eq. (1)

0=27—-32% =300s

Distance Traveled: s, = 0m at t, = 0's. Using the result v = 27 — 3¢> and applying
Eq. 12-1, we have

(+1) ds = vdt
s _ t o
/Ods /0(27 32) dt
s= (27t = #)m @

Att = 3.00s, from Eq. (2)

s = 27(3.00) — 3.00° = 54.0m Ans.

oMl alaiyl - dyilSall dial



12-26.

When two cars A and B are next to one another, they are
traveling in the same direction with speeds v, and vg,
respectively. If B maintains its constant speed, while A

begins to decelerate at a,, determine the distance d
between the cars at the instant A stops.

SOLUTION

Motion of car A:

V=1 + at

Va
OZ’UA_aAt = —
ap

v = 1)% + 2a.(s — sq)

0 =4 +2(—ansa—0)

s

Sq4 —

[\o}

aa

Motion of car B:

Vg VAVB
Sgp = ’UBI =v| — | =
a

A aa

The distance between cars A and B is

VpUB 17124 2v4vp — UZA

Ans.

Spa = Isp — 54l =

az ZaA ZLZA

Mech.MuslimEngineer.Net




12-27.

A particle is moving along a straight line such that when it
is at the origin it has a velocity of 4 m/s. If it begins to
decelerate at the rate of a = (—1.50"/2) m/s?, where v is in
m/s, determine the distance it travels before it stops.

SOLUTION

d |
a= dlt) = —1.5v

v . t
/v’idvz /—1.5 dt
4 0

v 13
20, = —1.51,

2(1)% - 2) = —1.5¢

v=(2— 075)*m/s

/ Sds = / t(z —0.75t)% dt = / t(4 — 3¢ + 0.5625t%) dt
JO 0 0
s =4 — 1.5 + 0.1875¢
From Eq. (1), the particle will stop when
0=(2-0.75)?
t = 2.667s

Sli—ager = 4(2.667) — 1.5(2.667)% + 0.1875(2.667)° = 3.56m

@

2

Ans.

oMl alaiyl - dyilSall dial



*12-28.

A particle travels to the right along a straight line with a
velocity v = [5/(4 + s)]m/s, where s is in meters.
Determine its deceleration when s = 2 m.

SOLUTION

5
4+

v =

vdv = ads

_ —5ds
4+ s)2

5 —5ds

T aiay) o
- 25

4 +s)

dv

a =

Whens = 2m

a = —0.116 m/s* Ans.

Mech.MuslimEngineer.Net



12-29.

A particle moves along a straight line with an acceleration
a = 20" m/s?, where v is in m/s. If s = 0, v = 4 m/s when
t = 0, determine the time for the particle to achieve a
velocity of 20 m/s. Also, find the displacement of particle

whent = 2s.

SOLUTION
Velocity:
dv
(%) ar=
v
/dt A 20172
|t 1/2|I}
0
t=0"2-2
v=(t+2)?
When v = 20 m/s,
20 = (t + 2)?
t=247s
Position:
(%) ds = vdt
/ds: /(z+2)2dt
0
s| = (t + 2)3
0 0
1 3 3
s = g[(t +2)° — 27
L o
= gt(t + 6t + 12)
Whent = 25,

= %(2)[(2)2 + 6(2) + 12]

=187m

sl aliyl

Ans.

Ans.
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12-30.

As a train accelerates uniformly it passes successive
kilometer marks while traveling at velocities of 2 m/s and
then 10 m/s. Determine the train’s velocity when it passes
the next kilometer mark and the time it takes to travel the
2-km distance.

SOLUTION

Kinematics: For the first kilometer of the journey, vy = 2 m/s, v = 10 m/s, sy = 0,
and s = 1000 m. Thus,

($) V' = 0y® + 2a. (s — so)
107 = 2% + 2a, (1000 — 0)
a, = 0.048 m/s?

For the second kilometer, v, =10m/s, sy = 1000m, s = 2000 m, and
a, = 0.048 m/s%. Thus,
(—'t>) v =0y + 2a. (s — sp)

1)2

10% + 2(0.048)(2000 — 1000)

v =14m/s Ans.

For the whole journey, v, = 2 m/s,» = 14 m/s, and a, = 0.048 m/s? Thus,
(__t)) V=1 + act
14 = 2 + 0.048¢

t =250s Ans.

Mech.MuslimEngineer.Net



12-31.

The acceleration of a particle along a straight line is defined
by a = (2t — 9) m/s?, where ¢ is in seconds. At ¢ =0,
s = 1m and v = 10 m/s. When ¢ = 9s, determine (a) the

particle’s position, (b) the total distance traveled, and
(c) the velocity.

SOLUTION
a=2t—-9

v t
/dv:/(Zt—9)dt
10 0
fe70s  179s gt-nx
v-10=2-9¢ P — i

-3050m im

=36.63m

v=F-9t+10 F13m

/vds=/(tz—9t+10)dt
1 0

1
s—1:§t3—4.5t2+10t

1
s=§z3—4.5t2+10z+1

Note whenv = — 9¢ + 10 = 0
t=1298sandt = 7.701s

Whent = 1.298 s, s =713m
When ¢t = 7.701 s, s = —36.63m
When t = 9s, s = —30.50m
(a) s= —-305m Ans.
(®) s, = (713 — 1) + 7.13 + 36.63 + (36.63 — 30.50)

S1o¢ = 56.0 m Ans.

(¢c) v=10m/s Ans.
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*12-32.

The acceleration of a particle traveling along a straight line

. 12 ..
isa=-—s m/sz, where s is in meters. If v = 0,s =1 m

when ¢ = 0, determine the particle’s velocity at s = 2 m.

SOLUTION
Velocity:
(i,) vdv = ads
/vv dv = /Slsl/zds
0 1 4
2|0 R
vl
21, 6 1
1
v = 7(s3/2 . 1)1/2 m/s
V3

Whens = 2m, v = 0.781 m/s.

Ans.
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12-33.

At t = 0 bullet A is fired vertically with an initial (muzzle)
velocity of 450 m/s. When ¢ = 3 s, bullet B is fired upward
with a muzzle velocity of 600 m/s. Determine the time ¢, after
A is fired, as to when bullet B passes bullet A. At what
altitude does this occur?

SOLUTION

1
+1 54 = (sa)o + (Va1 + S 2
1 2
s, =0+450¢ + 5(—9.81)1‘
LS
+Tsp = (sp)o + (vg)ot + Ea"[
1 2
5= 0+ 600(t = 3) + 2 (~981)(t = 3)

Require s4 = sp
4501 — 4.905 > = 600 ¢ — 1800 — 4.905 1> + 29.43 t — 44.145
t =103s Ans.

h=s4 =sg=411km Ans.
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12-34.

A boy throws a ball straight up from the top of a 12-m high
tower. If the ball falls past him 0.75 s later, determine the
velocity at which it was thrown, the velocity of the ball when
it strikes the ground, and the time of flight.

SOLUTION

Kinematics: When the ball passes the boy, the displacement of the ball in equal to zero.

Thus, s = 0. Also, sy = 0, vy = v;,t = 0.75s, and a, = —9.81 m/s>.

(+T) s =8y + vt + %act2

0 =0+ v,(0.75) + %(—9.81)(0.752)

vy = 3.679m/s = 3.68 m/s Ans.
When the ball strikes the ground, its displacement from the roof top is s = —12 m.
Also, vy = vy = 3.679m/s,t = t,,v = v,, and a, = —9.81 m/s%.
(+T) s=s0+v0t+lat2
2 (&
1 2
=12 =0 + 3.679%, + 5(—9.81)t2
4905t — 3.679t, — 12 =0
3.679 + \/(*3.679)2 — 4(4.905)(—12)
h =
z 2(4.905)
Choosing the positive root, we have
t, = 1.983s = 1.98s Ans.
Using this result,
(+T) v =12y + at
vy = 3.679 + (—9.81)(1.983)
= —158m/s = 158 m/s | Ans.
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12-35.

When a particle falls through the air, its initial acceleration
a = g diminishes until it is zero, and thereafter it falls at a
constant or terminal velocity V7. If this variation of the

acceleration can be expressed as a = (g/vzf)(v

2 2
F =),

determine the time needed for the velocity to become

v = vy/2. Initially the particle falls from rest.

SOLUTION
d

v dv g t
7,:7 dl
ovjzc—UZ vy Jo

Ans.
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*12-36.

A particle is moving with a velocity of vy when s = 0 and
t = 0.If it is subjected to a deceleration of a = —kv*, where
k is a constant, determine its velocity and position as

functions of time.

SOLUTION

1\ \:
v=|2kt +|—5 Ans.
Vo

1
1\ 1
<2kt + <2>> - Ans.
Vo ()
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12-37.

As a body is projected to a high altitude above the earth’s
surface, the variation of the acceleration of gravity with
respect to altitude y must be taken into account. Neglecting
air resistance, this acceleration is determined from the
formula a = —go[R*/(R + y)?], where g, is the constant
gravitational acceleration at sea level, R is the radius of the
earth, and the positive direction is measured upward. If
g = 9.81 m/s? and R = 6356 km, determine the minimum
initial velocity (escape velocity) at which a projectile should
be shot vertically from the earth’s surface so that it does not
fall back to the earth. Hint: This requires that v = 0 as

y—) o0,
SOLUTION

vdv = ady

0 0

d

/vdv= —goRz/ 7))2
v JO (R+y)

2|0 sk |

2v R+y0

v="\2gR
= V/2(9.81)(6356)(10)

= 11167 m/s = 11.2 km/s Ans.
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12-38.

Accounting for the variation of gravitational acceleration
a with respect to altitude y (see Prob. 12-37), derive an
equation that relates the velocity of a freely falling particle
to its altitude. Assume that the particle is released from
rest at an altitude y, from the earth’s surface. With what
velocity does the particle strike the earth if it is released
from rest at an altitude y, = 500 km? Use the numerical

data in Prob. 12-37.

SOLUTION
From Prob. 12-37,

R2
+h  a= —gom

Since ady = vdv

then

Y dy v
—go R? / — = / vdv
8 Yo (R + y)Z 0

1 Y v

R2 -
go {R + y} 2
1 1

Yo

RZ _ -
8o [R+y R+y0] 2

Thus

v=—R.|_ 28000 =)
(R + y)(R + yp)

When yg = 500 km, y =0,

v = —6356(10°) \/ 2(9.81)(500)(10%)
6356(6356 + 500)(10%)

v =—3016m/s = 3.02km/s |

Ans.
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12-39.

A freight train starts from rest and travels with a constant
acceleration of 0.5 ft/s>. After a time ¢’ it maintains a
constant speed so that when ¢t = 160 s it has traveled 2000 ft.
Determine the time ¢" and draw the v—f graph for the motion.

SOLUTION

Total Distance Traveled: The distance for part one of the motion can be related to
time ¢t = t' by applying Eq. 12-5 with sy = 0 and v, = 0.

1
(—t) s=s0+v0t+aact2
1
1 =040+ 5(0.5)(:’)2 = 0.25(t")?
The velocity at time ¢ can be obtained by applying Eq. 124 with v, = 0.
(5) V=12 + at =0+ 0.5t = 0.5¢ 1)

The time for the second stage of motion ist, = 160 — ¢’ and the train is traveling at
a constant velocity of v = 0.5¢" (Eq. (1)).Thus, the distance for this part of motion is

(5) 5, = vt = 0.5t'(160 — 1') = 80t' — 0.5(1')?
If the total distance traveled is st,; = 2000, then
STot = 81 + 8
2000 = 0.25(t")> + 80t" — 0.5(t")?
0.25(t")* — 80¢' + 2000 = 0
Choose a root that is less than 160 s, then

t' =2734s =273s Ans.

v—t Graph: The equation for the velocity is given by Eq. (1).Whent=¢" = 27.34s,
v=0.5(27.34) = 13.7 ft/s.
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*12-40.

A sports car travels along a straight road with an
acceleration-deceleration described by the graph. If the car
starts from rest, determine the distance s’ the car travels
until it stops. Construct the v—s graph for 0 = s = s'.

SOLUTION

v —s Graph: For 0 = s < 1000 ft, the initial conditionis v = 0 ats = 0.

vdv = ads

v N
/ vdv = / 6ds
0 0
P

?=6s

v = (\/ﬁsm) ft/s

()

When s = 1000 ft,

v = V12(1000)"/? = 109.54 ft/s = 110 ft/s

For 1000 ft < s = s’, the initial condition is v = 109.54 ft/s at s = 1000 ft.

( 5 ) vdv = ads
v S
/ vdv = / —4ds
109.54 ft/s 1000 ft
2|’ s
— = —4s
2 1000 ft
109.54 ft/s
v = (V20000 — 8s) ft/s
When v = 0,
0= "VvV20000 — 8s’ s’ = 2500 ft

The v—s graph is shown in Fig. a.

a(ft /s%)

1000 s’

s(ft)

Ans.

v (ffs)

//0 1

A
V=i 5™
V= },wooa -85

{ VR S(ff)
(000 5=2500

(&)
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12-41.

A train starts from station A and for the first kilometer, it
travels with a uniform acceleration. Then, for the next two
kilometers, it travels with a uniform speed. Finally, the train
decelerates uniformly for another kilometer before coming
to rest at station B. If the time for the whole journey is six
minutes, draw the v—¢ graph and determine the maximum
speed of the train.

SOLUTION
For stage (1) motion,
(i) v = vy + (acht

Vmax = 0+ (ac)ity
Vmax = ()1t
) v = o + 2(ac)i(s1 — o)
Vmax> = 0 + 2(a.)1(1000 — 0)

2

_ Umax
(ac)] - 2000

1+

Eliminating (a.); from Egs. (1) and (2), we have

2000
! vmax

@

(2)

3)

For stage (2) motion, the train travels with the constant velocity of v, for

t = (tz - tl).Thus,

1
(i)) S) = 851 + vt + 5(615)21‘2
1000 + 2000 = 1000 + vyt — 1) + 0
2000
: ! vmaX

For stage (3) motion, the train travels for = 360 — t,. Thus,

(

1+

) vy = v + (a.)st
0 = Vmay — (a.)3(360 — 1)
Vmax = (a.)3(360 — 1)
v = v + 2(ac)s(s3 — 52)
0 = Vpay> + 2[—(a.)3](4000 — 3000)

2

_ Umax
(ac)3 - 2000

1+

Eliminating (a.); from Egs. (5) and (6) yields

2000
360 — 1, =
max
Solving Egs. (3), (4), and (7), we have
=120 t, = 240's

Vmax = 16.7 m/s

Racad Ann the abkhave ractilte the 29—+ aranh 1¢ chnawvwwn 1 o

)

(5)

(6)

)

oMl alaiyl - dlyilSall Ans
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12-42.

A particle starts from s = 0 and travels along a straight line
with a velocity » = (> — 4t + 3)m/s, where ¢ is in
seconds. Construct the v—t and a—¢ graphs for the time
interval 0 =t = 4s.

SOLUTION

a—t Graph:
a=%=%(z2—4z+3)
a= (2t — 4)m/s?

Thus,

al,—o = 2(0) — 4 = —4m/s’
ali—, =0

sy = 2(4) = 4 = 43’

The a—t graph is shown in Fig. a.

d
v—t Graph: The slope of the v—¢ graph is zero when a = dit) = (. Thus,

a=2t—4=0 t=2s
The velocity of the particle at = 05,2 s,and 4 s are
Vo5 = 0% — 4(0) + 3 = 3m/s
Vjmas =22 — 4(2) + 3= —1m/s
Vjegs =42 — 4(4) + 3 =3m/s

The v—¢ graph is shown in Fig. b.

i
1
I
i
T : f(ﬁ)
2 3 4

=(2t-4)ms*

e

wlmfs)
V=(1*~4143)mfs
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12-43.

If the position of a particle is defined by
s = [2sin [(7/5)t] + 4] m, where ¢ is in seconds, construct
the s—t,v—t,and a—t graphs for 0 = r = 10s.

SOLUTION

Sim)
6+ 5=.25in (%‘t) +4

4

} } — fes)

V(mfs)

AT J

anv =' Slﬂ( (‘)
T 25

oMYl olaiyl -

[6] ) t(S)
10



*12-44.

An airplane starts from rest, travels 5000 ft down a runway,
and after uniform acceleration, takes off with a speed of
162 mi/h. It then climbs in a straight line with a uniform
acceleration of 3 ft/s? until it reaches a constant speed of
220 mi/h. Draw the s—t, v—t, and a—t graphs that describe

the motion.

SOLUTION
V1 =0

i (1h) 5280 ft
v, = 1622 (1h)

U2 03761t
h (3600 s)(1 mi) /s

V3 =01 + 2as; — 1)

(237.6)> = 0% + 2(a,)(5000 — 0)
a, = 5.64538 ft/s?

v =0 + ad

237.6 = 0 + 5.64538 ¢
t=4209 = 4215

mi (1h) 5280 ft
vy = 2200 T
h (3600 s)(1 mi)

= 322.67 ft/s
V3 = 03 + 2a(s3; — )

(322.67)* = (237.6)> + 2(3)(s — 5000)

s = 12943.34 ft

v3 =0y + ad

322.67 = 237.6 + 3t

t=284s

Mech.MuslimEngineer.Net
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12-45.

The elevator starts from rest at the first floor of the
building. It can accelerate at 5 ft/s? and then decelerate at
2 ft/s%. Determine the shortest time it takes to reach a floor
40 ft above the ground. The elevator starts from rest and
then stops. Draw the a—t, v—t, and s—t graphs for the motion.

SOLUTION
+T v =2 + an
Vpar = 0+ 514
+T vy =0 + a.t

0=0p =20
Thus

tl =04 tz

1
+T sy =51 + v+ Eact%

h=0+0+%(5)(t%)=2.51§

1
+140 — h =0+ vub —5(2)13

+1 P =0 +2as — )
Vir = 0+ 2(5)(h — 0)
Voux = 10h
0 = V20 + 2(—2)(40 — h)
Voux = 160 — 4h
Thus,
10 h = 160 — 4h
h = 11.429 ft
Upax = 10.69 ft/s
4 =2138s
L, = 53455
t=t+1,=748s
When t =2.145, v = v,,,, = 10.7 ft/s

and h=114 ft.

Ans.

oMl alaiyl - dyilSall dial
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12-46.

The velocity of a car is plotted as shown. Determine the
total distance the car moves until it stops (t = 80s). v (m/s)
Construct the a—t graph.

SOLUTION

Distance Traveled: The total distance traveled can be obtained by computing the
area under the v — ¢ graph.

1
s = 10(40) + 5(10)(80 — 40) = 600 m Ans.
L . . . dv
a - t Graph: The acceleration in terms of time ¢ can be obtained by applying a = o
For time interval 0s = ¢ < 40s, !
Lo dv_
dt

»—10 0-10 1
= = —_— + .
(—40 80 —40"" ( 4! 20) m/s

_dv_ 1 _ 2
“u a” 0.250 m/s

For time interval 40s < t = 80s,

a

For 0 =t <40s,a=0.

For 40s <t < 80,a= —0.250 m/s’.

Mech.MuslimEngineer.Net
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12-47.

The v—s graph for a go-cart traveling on a straight road is
shown. Determine the acceleration of the go-cart at
s = 50 m and s = 150 m. Draw the a—s graph.

SOLUTION
For0 =s < 100

v =0.08s, dv = 0.08 ds
ads = (0.08 5)(0.08 ds)
a=6410"%)s

Ats =50m, a=032m/s?

For 100 < s < 200

v= —0.08s + 16,

dv= —0.08ds

ads = (—0.08s + 16)(—0.08 ds)

a = 0.08(0.08 s — 16)
Ats =150m, a= —032m/s>

Also,
vdv = ads

dv

a=v()

Ats = 50 m,

_ a8y = 2
a= 4(100) = 0.32m/s

Ats = 150m,

_ 48 - _ 2
a74(100)7 0.32m/s

At s =100 m, a changes from a,,,, = 0.64 m/s>

10 a,;, =—0.64 m/s?.

min

oMl alaiyl - dyilSall dial
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*12-48.

The v—t graph for a particle moving through an electric field
from one plate to another has the shape shown in the figure.
The acceleration and deceleration that occur are constant
and both have a magnitude of 4 m/s%. If the plates are
spaced 200 mm apart, determine the maximum velocity v,
and the time ¢’ for the particle to travel from one plate to
the other. Also draw the s—¢ graph. When ¢ = t'/2 the

particle is at s = 100 mm.

SOLUTION

a, = 4 m/s?
= 100 mm = 0.1 m

s

2

VP =%+ 2als — sg)
vﬁmx =0+ 2(4)(0.1-0)

Vpax = 0.89442 m/s = 0.894 m/s
v=1vy + a.t
l/
0.89442 = 0 + 4(5)
t' = 0.44721s = 0.447 s

1
s:s0+vot+§act2

s=0+0 +%(4)(:)2

s=27
44721
When t = 0447 = 02236 = 0.224 s,
s =01m
v t
/ ds = — / 4 dt
0.894 02235
v=—41+1.788
S t
/ ds = / (—41+1.788) dt
0.1 02235
s= —274+1788¢— 02

When t = 0.447 s,

s =02m

Ans.

Ans.
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12-49.

The v—t graph for a particle moving through an electric field
from one plate to another has the shape shown in the figure,
where ' =0.2 s and vmax=10 m/s. Draw the s—f and a— graphs
for the particle. When ¢ =¢'/2 the particle is at s = 0.5 m.

SOLUTION
For0 < ¢t < 0.1y,
v =100t
dv

=— =100
T
ds = vdt

s t
/dsz/lootdt
0 0
s = 501¢
Whent = 0.1s,
s =05m

For0.1s < t < 02s,

v=—100¢ + 20

dv
a = - 100
ds = vdt

s t
/ds=/(—100t+20)dt
0.5 0.1

s —05=(=50+20¢— 15)

s= =507 +20r—1
Whent = 0.2s,
s=1m

Whent = 0.1s, s = 0.5 m and a changes from 100 m/s?

to—100 m/s2. Whent=0.2s, s = 1 m.

oMl alaiyl - dyilSall dial
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12-50.

The v—t graph of a car while traveling along a road is
shown. Draw the s—¢ and a—t graphs for the motion.

SOLUTION

Av 20
=t < =—=—=4 2
0=tr=5 a=-y 5 m/s

Av 20— 20 )
< < = = =
5=r=20 a= T 205 0m/s

_Av_ 0-2
At 30— 20

20=1t =30 = —2m/s’

From the v—¢ graph att; = 5s,t, = 20s,and t3 = 305,
1

s1= A = 5(5)(20) =50m

1
s3=A; + Ay, + A3 =350 + 5(3() — 20)(20) = 450 m

The equations defining the portions of the s—¢ graph are

0=t=5s v=4t ds=vdt /ds—/4tdt s = 21

v (m/s)

20

5=t=20s v = 20; ds = vdt; /ds—/ZOdt s =20t — 50

20=r=30s

a(m|s*)

20 30
tes)

For0 =t <S5s, a = 4m/s*

For20s <t = 30s, a = —2m/s*

3¢m)

450 +

350+

50

N t
v=230—-1); ds=wvdt / ds = /2(30 —1t)ydt; 5= -1+ 60t — 450
50 20

20

5=20t-50

Att=5s,5s =50m. At t = 20s, s = 350 m. Mech_Mus”mEngineer_Net
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12-51.

The a—t graph of the bullet train is shown. If the train starts a(m/s?)

from rest, determine the elapsed time ¢’ before it again
comes to rest. What is the total distance traveled during this
time interval? Construct the v—¢ and s—¢ graphs.

SOLUTION ‘

a=-(5)0+5

v —t Graph: For the time interval 0 =< ¢ < 30 s, the initial condition is v = 0 when
t =0s.

(&) dv = adt

/dv— /Oltdt

= (0.05¢2) m/s

Whent = 30s,
tfi305 = 0.05(30?) = 45 m/s

or the time interval 30 s < ¢t = t', the initial conditionis v = 45m/s at¢ = 30s.

(&) dv = adt

v t 1
/ dv = / <—l + 5>dt
45m/s 30s 15

1,
=|—=—r+5 -
v <30t St 75>m/s
Thus, when v = 0,

1
0=———t?+5"-75
30

Choosing the root ' > 75's,
t"=133.09s = 133s Ans.

Also, the change in velocity is equal to the area under the a—t graph. Thus,

Av = /adt
0= 2009 + 2| (5 +5) =79

1
0=———1t?+5'-75
30

This equation is the same as the one obtained previously.
. o . dv
The slope of the v—tgraph is zero when ¢ = 75 s, which is the instant a = - 0.Thus,

1
Vs, = —5(752) +5(75) — 75 = 1125 m/s

oMl alaiyl - dyilSall dial
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12-51. continued

The v—t graph is shown in Fig. a. ) (m/S)
Nz=35 145t T5
s —t Graph: Using the result of v, the equation of the s—t graph can be obtained by /
integrating the kinematic equation ds = vdt. For the time interval 0 = ¢ < 30 s, the 11251
initial condition s = 0 atr = 0 s will be used as the integration limit. Thus,
() ds = vdt
s t 4-5 T :_’ tl
/ ds = / 0.05¢ dt =
0 0 4
g |
1 5 3o 75 /33
s = <%l >1’1’1
(&)
Whent = 30s,
1 3
sli=s0s = = (30°) = 450 m 5

8857 4+

For the time interval 30s < ¢t = t' = 133.09 s, the initial condition is s = 450 m
whent = 30s.

(&) ds = vdt

s ‘ 1 45004 —-—
ds = / (——tz + 5t — 75)dt
A\S()m 30s 30

s = (—iﬁ + ét2 — 75t + 750)m

90 2 —_—
T T

Whent = 75sand ' = 133.09s, 20 s 133
. S S=F5¢3

— 3 2 _
Si-7ss = —gg (75°) + 5 (75°) = 75(75) + 750 = 4500 m P
S|o 133006 = . (133.09°) + 3 (133.09?) — 75(133.09) + 750 = 8857m  Aums.
90 2

The s—t graph is shown in Fig. b.
When ¢ = 305,
v = 45m/s and s = 450 m.
When ¢t = 755,
V = Vpax = 112.5m/s and s = 4500 m.
When ¢ = 133 s,

v =0 and s = 8857 m.
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*12-52.

The snowmobile moves along a straight course according to v (m/s)

the v—t graph. Construct the s— and a— graphs for the same ) %

50-s time interval. When ¢t = 0,s = 0.

SOLUTION

s—t Graph: The position function in terms of time ¢ can be obtained by applying 20 50

t(s)

ds
= — For ti int 10s =1 <30 =—t=|=t .
v d[ Oor iime mterva S S,V 30 5 m/s

ds = vdt Stm)

s t
2
ds:/ftdt
fo= L
1

Att = 30s, s =

For time interval 30 s < r = 50 s,

ds = vdt

s t 0.4.
/ ds = / 12dt
180 m 30s Lt Cfa )

-

s = (12t — 180) m

Att =50s, s = 12(50) — 180 = 420 m

a—t Graph: The acceleration function in terms of time ¢ can be obtained by applying
dv 2

a:@. For time interval 0s = ¢ <30s and 30s<t=150s, a=—=—
dt dt 5

d
=04m/s’and a = jf = 0, respectively.
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12-53.

A two-stage missile is fired vertically from rest with the
acceleration shown. In 15 s the first stage A burns out and
the second stage B ignites. Plot the v—¢ and s—¢ graphs
which describe the two-stage motion of the missile for
0=1t=20s.

SOLUTION

Since v = / a dt, the constant lines of the a—t graph become sloping lines for the
v-t graph.
The numerical values for each point are calculated from the total area under the

a—t graph to the point.

Att = 15s, v = (18)(15) = 270 m/s

Atr=20s, v =270 + (25)(20 — 15) = 395m/s

Since s = / v dt, the sloping lines of the v—t graph become parabolic curves for the

s—t graph.

The numerical values for each point are calculated from the total area under the v—¢
graph to the point.

1
Atr=15s, s = (15)(270) = 2025 m

1
Atr=120s, s =2025+ 27020 — 15) + 5 (395 — 270)(20 — 15) = 3687.5m = 3.69 km

a =18 m/s?

v=1y)+a.t =0+ 18t

1
s=sy+ vt +—-arr=0+0+ 97

2
When ¢ = 15:
v = 18(15) = 270 m/s
s = 9(15)* = 2025 m = 2.025 km
15 =1 =20:
a = 25m/s?

v=v + a.t =270 + 25(t — 15)
Lo, 1 2
§ =589+ vt + 5 act” = 2025 + 270(r — 15) + 5(25)0 - 15)

When ¢t = 20:
v =395m/s

s = 3687.5m = 3.69 km Mech.MuslimEngineer.Net

B
A
a (m/s?)
R v
25+
f f t(s)
15 20
v(m/s)
395 +
2701
5 1
/5 20
S{m)
368751
ROR5 1+
‘ t ——7¢5)
0 } 5 20



12-54.

The dragster starts from rest and has an acceleration
described by the graph. Determine the time ¢’ for it to stop.
Also, what is its maximum speed? Construct the v—¢ and
s—t graphs for the time interval 0 < ¢ < ¢'.

SOLUTION

v—t Graph: For the time interval 0 < ¢ < S5, the initial condition is v = 0 when
t =0s.

(i)) dv = adt

v t
/ dv = / 80dt
0 0

v = (80¢) ft/s

The maximum speed occurs at the instant when the acceleration changes sign when
t = 5s.Thus,

Vmax = V=55 = 80(5) = 400 ft/s Ans.

For the time interval 5 < ¢ =< ¢’, the initial condition is v = 400 ft/s when ¢ = 5.

(i)) dv = adt

v t
/ dv= [ (=t + 5)dt
400 ft/s Ss

2
v = (_E + 5t + 387.5>ft/s
Thus when v = 0,

l/Z
0= s + 5t" + 387.5

Choosing the positive root,

t' =33.28s =333s Ans.

Also, the change in velocity is equal to the area under the a—¢ graph. Thus

Av = /adt

0 =80(5) + {%[(—f +5)( — 5)]}

Z/Z
0= 5 + 5t" + 387.5

This quadratic equation is the same as the one obtained previously. The v—t graph is
shown in Fig. a.

oMl alaiyl - dyilSall dial

a (ft/s?)
80
p , t(s)
TN
1
a=—t+5—
v (dts)
y=80t
r 4 <=
. w=-L 15t +38]5
S — t(5)
o 333
@

3
56t S, -12.+ Zi%2875¢-979

8542 (‘

1000 1~ r3=40t* |
3 t(z)
5 332
b




12-54. continued

s—-t Graph: For the time interval 0 = ¢ < 5s, the initial condition is s = 0 when

t =0s.
(i,) ds = vdt
s t
/ds= /SOdt
Jo 0
s = (408 ft
When ¢ = 55,

sli—ss = 40(5%) = 1000 ft

For the time interval 5s < r = t' = 45s, the initial condition is s = 1000 ft when

t = 5s.

(%) ds = vdt

s R
/ ds = /(—* + 5t + 387.5
10001t ss\ 2

3
s = (—% + %zz +387.5¢ — 979.17)ft

Whent =t = 33.28s,

33.28°

Sli=33285s = —

The s—¢ graph is shown in Fig. b.

+ %(33.282) + 387.5(33.28) — 979.17 = 8542 ft

Mech.MuslimEngineer.Net



12-55.

A race car starting from rest travels along a straight a(m/s?)

road and for 10 s has the acceleration shown. Construct
the v—t graph that describes the motion and find the

distance traveled in 10 s.

SOLUTION
t(s)

v—t Graph: The velocity function in terms of time ¢ can be obtained by applying

dv . .
formula a = o For time interval 0s = ¢t < 65,

dv = adt

v t

1

dv = /—zzdz 360 ——————————
A 06 ;— I
I
(1 !
v = <18t )m/s |
!
1204 ==mmmmme i
|
|
|
57

1 3
Att =65, v =15 (6) = 120ms, Y=ot

f(s;

For time interval 6s < ¢t = 105,

dv = adt

t

v
/ dv = /6dt
12.0m/s 6s

v = (6t — 24) m/s

Att = 10s, v = 6(10) — 24 = 36.0m/s

Position: The position in terms of time ¢ can be obtained by applying v = a

For time interval 0s =t < 655,

ds = vdt
N t
1
ds:/—t3dz
[ |5
_(1 4
o ()

Lo
Whent = 65s, v = 12.0m/s and s =77(6 ) = 18.0 m.

For time interval 6s < ¢t = 105,

ds = vdt

N t
/ dv = / (6t — 24)dr
18.0 m 6s

s = (32 — 24t + 54)m

Whent = 10s, v = 36.0m/s and s = 3(10%) — 24(10) + 54 = 114 m Ans.
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*12-56.

The v—t graph for the motion of a car as it moves along a
straight road is shown. Draw the a—t graph and determine
the maximum acceleration during the 30-s time interval.
The car starts from rest at s = 0.

SOLUTION
Fort < 10s:

v =047

a= % = 0.8¢
Attr=10s:

a = 8 ft/s?

For10 < r=30s:

v=t+30
dv
=271
T

Uy = S Tt/5?

v (ft/s)
'—"w—e\-w\
® @
60
v=1t+30
40 v = 0.4
1(s)
10 30

a (s

Ans.

Mech.MuslimEngineer.Net



12-57.

The v—t graph for the motion of a car as it moves along a
straight road is shown. Draw the s—¢ graph and determine
the average speed and the distance traveled for the 30-s time
interval. The car starts from rest at s =0.

SOLUTION
Fort < 10s,
v = 047
ds = vdt
s ‘
/ds = /0.4z2 dt
0 0
s = 0.13337
Att = 10s,
s = 1333 ft
For10 <t <30s,
v =1+ 30
ds = vdt

s t
/ ds = / (¢t +30) dr
1333 10

s = 0.5+ 30t — 216.7

Att = 30s,
s = 1133 ft

As 1133
Yo 222 2378 1s

(vsp)Avg = E - 30
s = 1133 ft = 1.13(10%) ft
When ¢t = 0s, s = 133 ft.

When ¢ = 30s, s = 5, = 1.33 (10%) ft

v (ft/s)

60

40

v=t+30

v = 0.4

£(s)
10 30

c $= 0.5t 430t =217

25—

Ans.

Ans.

oMl alaiyl - dyilSall dial
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12-58.

The jet-powered boat starts from rest at s = 0 and travels
along a straight line with the speed described by the graph.
Construct the s—¢ and a—t graph for the time interval
0=r=50s.

SOLUTION

s—t Graph: The initial condition is s = 0 when ¢ = 0.

(i)) ds = vdt

s t
/ ds = / 4.8(1073)F dt
0 0

s = [1.2(1073)¢*m

Att = 25s,

Sli—ass = 1.2(1073)(25%) = 468.75m

For the time interval 25s <t = 50s, the initial condition s = 468.75m when
= 25s will be used.

(i)) ds = vdt

s t
/ ds = [ (=3t + 150)dt
468.75 m 25s

s = (—%ﬂ + 150¢ — 2343.75)m

Whent = 50s,

3
Sli=s0s = —5(502) + 150(50) — 2343.75 = 1406.25m
The s—t graph is shown in Fig. a.

a—t Graph: For the time interval 0 =< ¢t < 255,

_dv_d 3] = %) m/s?
a =" = 4801077 = (0.0144) m/s

When t = 25s,
al,—2ss = 0.0144(25%) m /s> = 9 m/s?
For the time interval 25s < t = 50s,
dv

d 2
= — = (=3t + —
a=— dt( 3t + 150) 3m/s

The a—t graph is shown in Fig. b.
When ¢t = 255,

a = apy =9 m/s?and s = 469 m.
When ¢t = 50s,

s = 1406 m. Mech.MuslimEngineer.Net

v (m/s)

v =48 (10 3

75— \——
v = —3t+ 150
w w t(s)
25 50
Stm
. =~2t 250t -234375
140626+ 3
5=200% 2%
b5 +
tls)
2 25 50
(@)
aimjs?)
9
=/ X
/a 00144t
) 50
= ts
3+ i
%)



12-59.

An airplane lands on the straight runway, originally traveling
at 110 ft/s when s = 0. If it is subjected to the decelerations
shown, determine the time ¢’ needed to stop the plane and
construct the s— graph for the motion.

SOLUTION

vy = 110 ft/s

Av= [adt

0 — 110 = —3(15 — 5) — 8(20 — 15) — 3(' — 20)
i =333s

sl s = 5501t
sl — 15, = 1500 ft
|, 20, = 1800 ft

|, 3300 = 2067 ft

—

a (fus?) S
15 20 v
t(s)
-3 g
-8
S 15 0 ’
o — > Hs)
-8 L
Ans.
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*12-60.

A car travels along a straight road with the speed shown by
the v—t graph. Plot the a—t graph.

SOLUTION
a—t Graph: For 0 = ¢t < 30s,
v =1
5
_dv _ 1 _ 2
a—dt—S—O.Zm/s
For30s <t = 48s
1
= —(t — 48
b= 5 - 4)
_dv 10 2
a=_= 3(1)— 0.333m/s

Using these results, a—t graph shown in Fig. a can be plotted.

v (m/s)
-4-&\“
®, ®_.
6 1

V=Fl— v=—1(t— 48)

30 48

almjs*)
02
30
0
~0-333 s===
(a)

Mech.MuslimEngineer.Net
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12-61.

A car travels along a straight road with the speed shown by v (m/s)
the v—t graph. Determine the total distance the car travels .—f.__\.w.\
until it stops when ¢ = 48 s. Also plot the s— and a—t graphs. &) @,
6
V=Sl v=—73(—48)
SOLUTION
For0 =t = 30s,
t(s)
30 48
=t
s
Lodv 1
d 5
ds = vdt
N t
1
/ ds = / —tdt
0 05
1
-7
*T 10

Whent = 30s, s =90m,

1
= —(t— 48
v 3( )
_dv_ 1
“Ta T 3
ds = vdt

N t 1
/ds /—*(t—48)dt
90 30 3

1
= —grz + 161 — 240

©
|

Whent = 48 s,

s =144 m Ans.

Also, from the v—t graph

1
As = /v dt s—0= 5(6)(48) = 144m Ans.

oMl alaiyl - dyilSall dial



12-62.

A motorcyclist travels along a straight road with the velocity v (ft/s)
described by the graph. Construct the s—¢ and a—t graphs.
150
v=20t—50
50
v=21%
SOLUTION t(s)
5 10
s—t Graph: For the time interval 0 = ¢ < Ss, the initial condition is s = 0 when
t=0. 5(&) -
S=/0t*-501 183.3
(£)  ds=va 583 + hY
N t
/ ds = / 21 dt
0 0
25
= | )ft
’ (3 )
Whent = S, 5:;2—t3
2 3 1
s = 5(53) = 83.33ft = 833 ftand a = 20 ft/s? 833 -j7
! ts)
For the time interval 5s < ¢t = 10s, the initial condition is s = 83.33 ft when¢ = 5. 5 10
()
(i,) ds = vdt
N t
ds = 20t — 50)dt &
/83.33ft Ss( ) d(ft/s )
N t
s = (102 — 50r)
83331t 55 20 aA=20
s = (102 — 50r + 83.33) ft B i
a=crt
Whent = 10s,
sli—10s = 10(10%) — 50(10) + 83.33 = 583 ft } } 1)
= 0
The s—t graph is shown in Fig. a. (b)

a—t Graph: For the time interval 0 < ¢ < S5,

(%) a= % = %(2:2) = (41)ft/s?

Whent = 5s,
a = 4(5) = 20 ft/s?

For the time interval 5s <t < 10s,
dv d
+ — — — 2
(%) a= 5 = @0 = 50) = 201t/
The a—t graph is shown in Fig. b.
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12-63.

The speed of a train during the first minute has been
recorded as follows:

t(s) 0 20 40 60

v (m/s) 0 16 21 24
Plot the v—¢ graph, approximating the curve as straight-line
segments between the given points. Determine the total
distance traveled.

SOLUTION

The total distance traveled is equal to the area under the graph.

sp = %(20)(16) + %(40 —20)(16 + 21) + %(60 — 40)(21 +24) = 980m  Awns.

oMl alaiyl - dyilSall dial



*12-64.

A man riding upward in a freight elevator accidentally
drops a package off the elevator when it is 100 ft from the
ground. If the elevator maintains a constant upward speed
of 4ft/s, determine how high the elevator is from the
ground the instant the package hits the ground. Draw the
v—t curve for the package during the time it is in motion.
Assume that the package was released with the same
upward speed as the elevator.

SOLUTION

For package:

+1 P =} + 2as,—s0) v
V¥ = (4)? + 2(—32.2)(0 — 100) )\
v =80.35ft/s | 4

1) v=vy + at

—80.35 = 4 + (—322)t

t=2620s
For elevator:
-34.%
+1)  sy=s0+ vt
s = 100 + 4(2.620)
s = 110 ft Ans.

Mech.MuslimEngineer.Net



12-65.

Two cars start from rest side by side and travel along a
straight road. Car A accelerates at 4 m/s” for 10 s and then
maintains a constant speed. Car B accelerates at 5m/s?
until reaching a constant speed of 25 m/s and then
maintains this speed. Construct the a—t, v—t, and s—t graphs
for each car until = 15 s. What is the distance between the
two cars when t = 15s?

SOLUTION
Car A:
v =1yt a.t
A ( 513
’UA=0+4[ A W
Att=10s, v4 =40m/s
4
1
s =589+ vt + —af £(8)
2 © s

M:0+o+§®ﬂ:ﬁ

Att = 10s, s4 =200 m
t > 10s, ds = vdt
N t
/ ds:/40dt
200 10
s4 = 40t — 200
Att=15s, s4 = 400 m
Car B:
V=1 + a.
’UBZOJFSI
25
When vy = 25 m/s, 12?255

1
s =589+ vt + Eact2

1
%=o+0+56W=2&2

When ¢t = 108, v4= (V4)max = 40 m/s and s 4 = 200 m.

When ¢t = 55,55 = 62.5m.

When ¢t = 155,54 = 400 m and sz = 312.5m.

oMl alaiyl - dyilSall dial



12-65. continued
Att=S5s, sg = 62.5m

t > 5Ss, ds = vdt

sp t
/ ds / 25 dt
62.5 5

sp — 62.5 = 25t — 125

sp = 25t — 62.5
Whent = 155, sp = 312.5

Distance between the cars is
As = s4 — sg = 400 — 3125 = 87.5m

Car A is ahead of car B.

Geg (M)
)
s o 165
Mg (/)
Ans. 2 |T A i
I I
! ‘Y :r £
$g=R S¢-62.5
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12-66.

A two-stage rocket is fired vertically from rest at s = 0 with a (m/s?)
an acceleration as shown. After 30 s the first stage A burns
out and the second stage B ignites. Plot the v—f and s—¢
graphs which describe the motion of the second stage for 15
0=r=60s.

9
SOLUTION a:0.0112
ForO0 =1 =30s

v 1
/dv = /0.01 2 dt
0 0

v = 0.00333

Whent = 30s, v =90m/s
For30s =t =060s

v !
/ dv = / 15dt
90 30

v = 15t — 360

Whent = 60s, v = 540m/s

oMl alaiyl - dyilSall dial
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12-67.

A two-stage rocket is fired vertically from rest at s = 0 with
an acceleration as shown. After 30 s the first stage A burns
out and the second stage B ignites. Plot the s— graph which
describes the motion of the second stage for 0 < ¢ < 60s.

SOLUTION
v—t Graph: Whent = 0,v = 0. For0 = ¢ = 305,

(+1) dv=aar

v t
/ dv = / 0.01£3dt
0 0

t

S| oot
o 3

0
v = {0.003333%} m/s

When ¢ = 30, » = 0.003333(30%) = 90 m/s

For30s <t = 60s,

(+1) dv=adar

v t
/ dv = / 15 dt
90 m/s 30s

v t

v 15¢

90 m/s
v — 90 = 15¢ — 450
v = {15t — 360} m/s

30s

When ¢t = 60s,v = 15(60) — 360 = 540 m/s
s—t Graph: Whent = 0,s = 0. For0 = ¢t =< 30s,

(+T) ds = vdt

s t
/ ds = / 0.0033333dt
0 0
t

= 0.0008333¢*
0

N

0

s = {0.0008333 *} m
When 1 = 30s, s = 0.0008333(30%) = 675 m
For30s <t = 60s,

(+T) ds = vdt

N t
/ ds = (15t — 360) dt
675 m 3

a (m/s?)

B
A
15
9
a =001
30 60 t(s)
SCm)
10126
S=7.5t%360t+4725
S=0-000833t*
675 4+ | ) £
e s
o 30 60 .
(a)

0s Mech.MuslimEngineer.Net



12-67. continued
s t

s = (7.5t — 360t)
3

675 m 0s

s — 675 = (7.5¢> — 360r) — [7.5(30%) — 360(30)]
s = {7.57 — 360t + 4725} m
Whent = 60s, s = 7.5(60%) — 360(60) + 4725 = 10125 m

Using these results, the s— graph shown in Fig. a can be plotted.
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*12-68.

The a—s graph for a jeep traveling along a straight road is a (m/s?)
given for the first 300 m of its motion. Construct the v—s
graph.Ats = 0,v = 0. I é -T@
2
SOLUTION s (m)
200 300
a—s Graph: The function of acceleration a in terms of s for the interval
Om = s < 200 m is
-0 2-0
- 0200 g = ©os)ms
y Vvimps)
V= [-0.023%125 /200
For the interval 200 m < s = 300 m,
B ey o= !
a—2 0—-2 2004 — e !
= = (—0.025 + 6 2 l !
s - 200 300 — 200 = (00O m/s =015 ! !
i I
|
v—s Graph: The function of velocity v in terms of s can be obtained by applying || }
vdv = ads. For the interval 0 m = s < 200 m, H ! S(my
I2) T T
z
vdv = ads %0 300
v s
/ vdv = / 0.01sds
0 0
v = (0.1s) m/s
Ats = 200 m, v = 0.100(200) = 20.0 m/s

For the interval 200 m < s < 300 m,

vdv = ads

v S
/ vdv = / (—0.02s + 6)ds
20.0m/s 200 m

v = (V=0.025> + 125 — 1200) m/s

Ats=300m, v =\—0.02(300%) + 12(300) — 1200 = 24.5 m/s
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12-69.

The v-s graph for the car is given for the first 500 ft of its
motion. Construct the a—s graph for 0 < s = 500 ft. How long
does it take to travel the 500-ft distance? The car startsats = 0

when ¢t = 0.
SOLUTION
a - s Graph: The acceleration a in terms of s can be obtained by applying vdv = ads.
dv )
a=v = (0.1s + 10)(0.1) = (0.01s + 1) ft/s
s

At s =0 and s = 500 ft, a = 0.01(0) + 1 = 1.00 ft/s> and a = 0.01(500) + 1 =
6.00 ft/s?, respectively.

Position: The position s in terms of time ¢ can be obtained by applying v = a

_ds
7’1)

dt

a

s=0 = 100 ft/s?

a|s=500ft — 6.00 ft/Sz

t N
d
0 00.1S+10

t = 10In (0.01s + 1)

When s = 500 ft, ¢ = 10In [0.01(500) + 1] = 17.9s Ans.

oMl alaiyl - dyilSall dial
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60
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10
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12-70.

The boat travels along a straight line with the speed
described by the graph. Construct the s— and a—s graphs.
Also, determine the time required for the boat to travel a
distance s = 400 mif s = 0 when ¢ = 0.

SOLUTION

s—t Graph: For 0 = s < 100 m, the initial conditionis s = O whent = 0’s.

() =

v
t s
d
= [
0 o 2512
t=s'?
s=(A)m

When s = 100 m,

100 = ¢ t=10s

For 100 m < s = 400 m, the initial condition is s = 100 m when¢ = 10s.

() =%

)
t s

/dt:/ s

10s 100m 0.2

K

— 10 = 5ln —
t 0 5n100
t

N
g—z—lnm

i5-2 — S

¢ 100

e/’ s

e 100

s = (13.53¢°) m

When s = 400 m,
400 = 13.53¢'°

t=1693s =169s Ans.

The s—t graph is shown in Fig. a.
a—s Graph: ForOm = s < 100 m,

a= v% = <2s1/2)(s_1/2> =2 m/s

For 100 m < s = 400 m,

dv
=v— =(02 2) = 0.04
a=v (0.25)(0.2) = 0.04s

When s = 100 m and 400 m,

ds—100m = 0.04(100) = 4 m/s>

a)y—400m = 0.04(400) = 16 m/s>

The a—s graph is shown in Fig. b.
Mech.MuslimEngineer.Net

v (m/s)
S
80
v=02s
v’ =4s
ol
T T s (m)
100 400
=25
00} )
S=t*
20 T
} £(s)
10 /&9
()
almis*)
16+
A=3%5
T f~a=2
2
} scm)
0 100 400
(b)



12-71.

The v—s graph of a cyclist traveling along a straight road is
shown. Construct the a—s graph.

v (ft/s)

v=—-004s5+19

v=01s+5
5 |
SOLUTION ‘
T T s (ft)
a-s Graph: For 0 = s < 100 ft, 100 350
R =% (015 + 5)(04) = (0015 + 05 ft/s® .
(%) a=vg=(01s+5)(01) = (0015 + 05) alils»
Thus at s = 0 and 100 ft
ly=o = 0.01(0) + 0.5 = 0.5 ft/s aip* 0%
=0 = 0. +0.5=05ft
et : 15+
alyy00n = 001(100) + 0.5 = 1.5 ft/s? 05 100 350 sch)
—O0RT
For 100 ft < s = 350 ft, - Ol T 5 76
= Fo 50
(X) a= % = (—0.04s + 19)(—0.04) = (0.00165 — 0.76) ft/s? =Gz

Thus at s = 100 ft and 350 ft

als—1001 = 0.0016(100) — 0.76 = —0.6 ft/s?

als_ssor = 0.0016(350) — 0.76 = —0.2 ft/s?

The a—s graph is shown in Fig. a.

Thus at s = 0 and 100 ft

al—g = 0.01(0) + 0.5 = 0.5 ft/s?

als—100r = 0.01(100) + 0.5 = 1.5 ft/s?

At s = 100 ft,a changes from ap,, = 1.5 ft/s? to ap, = —0.6 ft/s%
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*W12-72.

The a—s graph for a boat moving along a straight path is
given. If the boat starts at s = 0 when v = 0, determine its
speed when it is at s = 75 ft, and 125 ft, respectively. Use
Simpson’s rule with n = 100 to evaluate v at s = 125 ft.

SOLUTION

Velocity: The velocity v in terms of s can be obtained by applying vdv = ads. For
the interval 0 ft = s < 100 ft,

vdv = ads

/vdv=/5ds
0 0

v = V10s = ft/s

Ats =751ft, v = V10(75) = 274 ft/s Ans.
Ats = 100ft, v = V10(100) = 31.62 ft/s Ans.

For the interval 100 ft < s = 125 ft,

vdv = ads
v 1251t
/ vdv = / [5 + 6(\Vs — 10)°3]ds
31.62 ft/s 100 ft
Evaluating the integral on the right using Simpson’s rule, we have

2|v

- = 201.032

2 |51.62 tus
Ats = 125 ft, Ans.
v = 37.4ft/s

Mech.MuslimEngineer.Net
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12-73.

The position of a particle is defined by
r = {5cos2ti + 4sin2¢j} m,where ¢ is in seconds and the
arguments for the sine and cosine are given in radians.
Determine the magnitudes of the velocity and acceleration
of the particle when ¢t = 1 s. Also, prove that the path of the
particle is elliptical.

SOLUTION
Velocity: The velocity expressed in Cartesian vector form can be obtained by
applying Eq. 12-7.

d
v=52 {—10sin 2¢i + 8 cos 2tj} m/s

="

When ¢ = 1s,v = —10sin 2(1)i + 8 cos 2(1)j = {—9.093i — 3.329j} m/s. Thus, the
magnitude of the velocity is

v ="V + 2= V(-9.093) + (-3.329)> = 9.68 m/s Ans.

Acceleration: The acceleration expressed in Cartesian vector from can be obtained
by applying Eq. 12-9.

d
a= dij = {—20 cos 2ti — 16 sin 2tj} m/s?
Whent = 1s,a = =20 cos 2(1)i — 16 sin 2(1)j = {8.323i — 14.549j} m/s* Thus, the
magnitude of the acceleration is

a=Vd +d =\8323 + (-14.549)> = 168 m/s’ Ans.

Traveling Path: Here, x = 5 cos 2t and y = 4 sin 2¢. Then,

2

X 02

5 cos” 2t (4))

2

Yo 2

16 sin” 2t 2)
Adding Egs (1) and (2) yields

2 2

X y ) .
— 4+ = 2t + sin®2
25 16 cos”™ 2t sin” 2t

However, cos® 2t + sin? 2t = 1. Thus,

— + S 1 (Equation of an Ellipse) (Q.E.D.)
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12-74.
The velocity of a particle is v = {3i + (6 — 2¢)j} m/s, where ¢
is in seconds. If r =0whent =0, determine the

displacement of the particle during the time interval
t=1stot =3s.

SOLUTION

Position: The position r of the particle can be determined by integrating the
kinematic equation dr = wdt using the initial condition r = 0 at + = 0 as the
integration limit. Thus,

dr = vdt

ldr = Abi + (6 — 20)jJdr

r= {3& + (6t — tz)j}m
Whent = 1sand3s,
Mlieis = 3D + [6(1) = 17]j = [3i + 5§ m/s
Moy = 33 + [6(3) — 3%]j = [9 + 9] m/s
Thus, the displacement of the particle is
Ar = r‘r:% - r‘[ils
= (9 +9j) — Gi + 5j)

= {6i + 4j} m Ans.
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12-75.

A particle, originally at rest and located at point (3 ft, 2 ft, 5 ft),
is subjected to an acceleration of a = {6ti + 12¢%k} ft/s’.
Determine the particle’s position (x, y, z) att = 1.

SOLUTION

Velocity: The velocity expressed in Cartesian vector form can be obtained by
applying Eq. 12-9.

dv = adt

v t
/dv = /(6ti + 127k) dt
0 0

v = (3£ + 4F°Kk) ft/s

Position: The position expressed in Cartesian vector form can be obtained by
applying Eq. 12-7.

dr = vdt

/dr= /(3z2i + 47k) dt
T 0

r— (Gi+2j+5k) =7i+ rk
r={(+3)i+2j+( + 5k}t
Whent = 1s,r = (13 + 3)i + 2j + (1* + 5)k = {4i + 2j + 6k} ft.
The coordinates of the particle are

(41,2 ft, 6 ft) Ans.
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*12-76.

The  velocity of a  particle is given by
v = {16¢% + 4% + (5t + 2)k} m/s, where ¢ is in seconds. If
the particle is at the origin when ¢ = 0, determine the
magnitude of the particle’s acceleration when t = 2 s. Also,
what is the x, y, z coordinate position of the particle at this
instant?

SOLUTION

Acceleration: The acceleration expressed in Cartesian vector form can be obtained
by applying Eq. 12-9.
d
a= d—’t’ = 3260 + 12 + 5k} m/s?
Whent = 2s,a = 32(2)i + 12(22)j + 5k = {64i + 48] + 5k} m/s’. The magnitude
of the acceleration is

a= \/ai + ai +a = V642 + 482 + 52 = 80.2 m/s’ Ans.

Position: The position expressed in Cartesian vector form can be obtained by
applying Eq. 12-7.

dr = vdt

r 1
/dr = /(16& + 405 + (5t + 2)k) dr
0 0

16 5
r = {? £i+ th§ + (Eﬂ + Zt)k} m
When ¢t = 2,

r= 13—6(23)i + (24 + E(zz) + 2(2)}1( = [427i + 16.0j + 14.0k} m.

Thus, the coordinate of the particle is

(42.7,16.0,14.0) m Ans.
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12-717.

The car travels from A to B, and then from B to C, as shown ‘ 2 km
in the figure. Determine the magnitude of the displacement of
the car and the distance traveled.
A OB

B
SOLUTION 3km
Displacement: ~ Ar = {2i — 3j} km

Ar = V22 + 32 =361 km Ans.
Distance Traveled: ¢
d=2+3=5km Ans.
T
Ar Y‘@L
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12-78.

A car travels east 2 km for 5 minutes, then north 3 km for
8 minutes, and then west 4 km for 10 minutes. Determine
the total distance traveled and the magnitude of
displacement of the car. Also, what is the magnitude of the
average velocity and the average speed?

SOLUTION

Total Distance Traveled and Displacement: The total distance traveled is

s=2+3+4=9km Ans.

and the magnitude of the displacement is

Ar = V(2 — 4)* + 3> = 3.606 km = 3.61 km Ans.

Average Velocity and Speed: The total timeis At =5 + 8 + 10 = 23 min = 1380 s
The magnitude of average velocity is

Ar 3.606(10°)

=== =261 Ans.
Yave = 5y 1380 61 m/s ns
and the average speed is
9(10°)
s
(vsp>avg = A7 = 1380 = 6.52m/s Ans.
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12-79.

A car traveling along the straight portions of the road has
the velocities indicated in the figure when it arrives at
points A, B, and C.If it takes 3 s to go from A to B, and then
5s to go from B to C, determine the average acceleration
between points A and B and between points A and C.

SOLUTION

v, = 20i

vg = 21211 + 21.21j
ve = 40

Av 21211+ 2121j—20i

A 3

aup = [0.404i+7.07j}m/s? Ans.
Av  40i—20i

MET AT s

ayc = {250i) m/s? Ans.
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*12-80.

A particle travels along the curve from A to B in 2 s. It takes
4 s for it to go from B to C and then 3 s to go from C to D.
Determine its average speed when it goes from A to D.

SOLUTION
sy = %(277)(10)) +15 + %(277(5)) = 38.56

_ St _ 38.56 .
Vep = LT avai3 428 m/s Ans.

Mech.MuslimEngineer.Net
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12-81.

The position of a crate sliding down a ramp is given by
x=(025)m,y = (1.5 m, z = (6 — 0.75/*) m, where
is in seconds. Determine the magnitude of the crate’s
velocity and acceleration when ¢ = 2 s.

SOLUTION

Velocity: By taking the time derivative of x, y, and z, we obtain the x, y, and z
components of the crate’s velocity.

v, =i %(0.2513):(0.75#) m/s

L (150) = (31) mys

<
Il

y =

dr
v, =%= % (6 — 0.75652) = (-1.875¢2) m/s

Whent = 25,
v, =075(2%) =3m/s v, =3(2) =6m/s v, = —1875(2)¥2 = —5303 m/s

Thus, the magnitude of the crate’s velocity is

v="Vo2+0? +0v2=V3+ 6 + (-5.303)> = 8551 ft/s = 8.55 ft Ans.

Acceleration: The x, y, and z components of the crate’s acceleration can be obtained
by taking the time derivative of the results of v, v,, and v_, respectively.

d

- (0.75¢2) = (1.5¢) m/s?

ax = Q.)X
d

a, = v, = 5(3’) = 3m/s’
d

a; = v, = - (~1.87507) = (-2.815(7) m/s’

Whent = 25,
a,=152) =3m/s>  a,=3m/s a, = —2.8125(2'2) = =3.977 m/s?

Thus, the magnitude of the crate’s acceleration is

a=Val+a? +a’=V3+3"+ (-3977 = 5815m/s’ = 582 m/s Ans.
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12-82.

A rocket is fired from rest at x = 0 and travels along a
parabolic trajectory described by y* = [120(10%)x] m. If the

L 1 .
x component of acceleration is a, = (Z tz) m/s?, where ¢ is

in seconds, determine the magnitude of the rocket’s velocity
and acceleration when ¢ = 10s.

SOLUTION

Position: The parameter equation of x can be determined by integrating a, twice
with respect to t.

/ dv, = / a,dt
Vy t
: 1
dv, = / —2dt
A 04
(L5
v, = < D t >m/s
/ dx = / v, dt
X t
1
dx = | —Fdt
l o 12
(1.
_(%[)m
Substituting the result of x into the equation of the path,

¥ = 120(103)(41—8 z“)

y = (5012) m
Velocity:
b, = b = 2(502) = (1001) ms
Whent = 10s,
v, = %(103) = 83.33m/s v, = 100(10) = 1000 m/s

Thus, the magnitude of the rocket’s velocity is

v="Vov?2+0v?="V8333 + 1000 = 1003 m/s Ans.

Acceleration:
. d 5

a, = v, = 5(1001) = 100 m/s
Whent = 105,

a, = l(102) = 25 m/s?

T4

Thus, the magnitude of the rocket’s acceleration is

a=Va?+a? =25+ 100 = 103geh.MuslimEngineer Aist




12-83.

The particle travels along the path defined by the parabola
y = 0.5x% If the component of velocity along the x axis is
v, = (5¢) ft/s, where ¢ is in seconds, determine the particle’s
distance from the origin O and the magnitude of its
acceleration when t = 1s. Whent =0, x =0, y = 0.

SOLUTION
d
Position: The x position of the particle can be obtained by applying the v, = a%;
dx = v, dt

X t
/ dx = / Stdt
0 0

x = (2.502) ft

Thus, y = 0.5(2501%)% = (3.125¢*) ft. At ¢=1s, x=25(1?) =2.50ft and
y = 3.125(14) = 3.125 ft. The particle’s distance from the origin at this moment is

d = V(250 — 0)* + (3.125 — 0)> = 4.00 ft Ans.

Acceleration: Taking the first derivative of the path y = 0.5x%, we have y = xi.
The second derivative of the path gives

y = i% + x¥ @

However, x = v,, X = a,and y = a,. Thus, Eq. (1) becomes

a, = v+ xa, 2)
Uy
When ¢t = 1s, v, = 5(1) = 5ft/s a, = = 5ft/s2, and x = 2.50 ft. Then, from
dt
Eq. (2)
a, = 5% + 2.50(5) = 37.5 ft/s’
Also,

a= \/ai + ai =\V52+ 375 =378 ft/s? Ans.
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*12-84.

The motorcycle travels with constant speed v, along the
path that, for a short distance, takes the form of a sine curve.
Determine the x and y components of its velocity at any
instant on the curve.

SOLUTION
y = csin (%x)
y = %c(cos%x)x

v = 2w <coszx>
YLt L

<
<
|
&
Sy
o
TN
]
|
=
~—
1
—_
+
RS
=~
o
~_
8]
o
]
w
(3}
/N
1
=
~_
| I—
|
=

Yo

y = csin (%x)

Ans.

Ans.
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12-85.

A particle travels along the curve from A to Bin 1 s. If it y
takes 3 s for it to go from A to C, determine its average
velocity when it goes from B to C.

20 m

SOLUTION

Time fromBtoCis3 — 1 =2s

Ar (rAC - rAB) 401 — (20i + 20j) . .
Vag = 3 = v = > = {10i — 10j} m/s Ans.
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12-86.

When a rocket reaches an altitude of 40 m it begins to travel
along the parabolic path (y — 40)? = 160x, where the
coordinates are measured in meters. If the component of
velocity in the vertical direction is constant at v, = 180 m/s,
determine the magnitudes of the rocket’s velocity and
acceleration when it reaches an altitude of 80 m.

SOLUTION

v, = 180 m/s

(y — 40)*> = 160 x
2(y — 40)v, = 1600,

2(80 — 40)(180) = 1600,

v, = 90 m/s

v =V90? + 180%> = 201 m/s
dv,

“

From Eq. 1,

2v; + 2(y — 40)a, = 160 a,
2(180)%> + 0 = 160 a,
a, = 405 m/s?

a = 405 m/s’

y
"y — 40 = 160x
T
40lm
40 i *
Ans.
Ans.
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12-87.

Pegs A and B are restricted to move in the elliptical slots y
due to the motion of the slotted link. If the link moves with
a constant speed of 10 m/s, determine the magnitude of the
velocity and acceleration of peg A when x = 1m.

SOLUTION

Velocity: The x and y components of the peg’s velocity can be related by taking the
first time derivative of the path’s equation.

x2

=4y =1
4 Y

1

Z(Zx)'c) +2yy =20
Lo
5 XX+ 2yy

or

1
Exvx + 2yv, =0 @

Here, v, = 10 m/s and x = 1. Substituting these values into Eq. (1),
1 V3
Z(H(0) + 2<2>vy =0 v, = —2.887m/s = 2.887m/s |

Thus, the magnitude of the peg’s velocity is

v="Vo?+ 02 =VI10" + 2.887 = 104 m/s Ans.

Acceleration: The x and y components of the peg’s acceleration can be related by
taking the second time derivative of the path’s equation.

%(xx + xx) + 2(yy + yy) =0

%()'c2+ xi) +2(37+y9) =0

or
Lo 2
5<vx + xax) + 2(vy + yay) =0 ?)
. . 3
Since v, is constant, a, = 0. When x =1m, y = Tm, v, = 10 m/s, and

v, = —2.887 m/s. Substituting these values into Eq. (2),

Lo s+ V3 }_
5 (10 +0)+2[( 2887)° + —~a,| =0
a, = —3849 m/s’ = 3849 m/s* |

Thus, the magnitude of the peg’s acceleration is

— 2 2 _ 2 _ 2 2
a=Va?+a>=V0+( 38PN LS - elgitasan A




*12-88.

The van travels over the hill described by y
y = (—1.5(107) x> + 15)ft. If it has a constant speed of
75ft/s, determine the x and y components of the van’s
velocity and acceleration when x = 50ft.

. y=(~15(1073) 2 + 15) ft

= .
SOLUTION 100 ft

Velocity: The x and y components of the van’s velocity can be related by taking the
first time derivative of the path’s equation using the chain rule.

y=—15(107)x* + 15
v = =3(1073)xi
or
v, = =3(107%)xv,

When x = 50 ft,

v, = =3(107%)(50)v, = —0.15v, )

The magnitude of the van’s velocity is
v="Vo?+0v2 2)
Substituting v = 75 ft/s and Eq. (1) into Eq. (2),
75 = Vo + (0150,
v, = 742 ft/s <« Ans.
Substituting the result of v, into Eq. (1), we obtain
v, = —0.15(=74.17) = 1112 ft/s = 11.1 ft/s T Ans.

Acceleration: The x and y components of the van’s acceleration can be related by a«%
taking the second time derivative of the path’s equation using the chain rule.
V=75 [

~—

y = =3(1073)(ix + xi)

or

a, = —3(1073)(2))(2 + xax)

When x = 50 ft,v, = —74.17 ft/s. Thus,

S
Il

_3(1073){(—74.17)2 + 504

a, = —(16.504 + 0.15a,) A3)

y

Since the van travels with a constant speed along the path,its acceleration along the tangent
of the path is equal to zero. Here, the angle that the tangent makes with the horizontal at

d
x=50ftisf = tan1<y> = tanfl{—S(IO%)x} = tan"!(—0.15) = —8.531°.

dx ) | v=501t x=50 ft
Thus, from the diagram shown in Fig. a,
a, cos 8.531° — a, sin 8.531° = 4
Solving Egs. (3) and (4) yields
a, = =242 ft/s = 2.42 ft/s? — Ans.
a, = —16.1 ft/s = 16.1 ft/s*] Ans.
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12-89.

It is observed that the time for the ball to strike the ground
at Bis 2.5 s. Determine the speed v 4 and angle 64 at which
the ball was thrown.

50 m

SOLUTION

Coordinate System: The x—y coordinate system will be set so that its origin coincides
with point A.

x-Motion: Here, (v4), = v4c0804,x4 = 0,xp = 50m,and r = 2.5 s.Thus,

(i)) XB

50

=x4t (vA)xt

=0 + vy cos 0,4(2.5)

vycosfy =20

@
y-Motion: Here, (v4), = vasinfs, y, =0, yp=-12m, and a, = —¢
= —9.81 m/s’. Thus,
L 5
(+T) szyAJF('UA)yZJFan[
. 1 )
—12 =0+ vysin 0, (2.5) + E(—9.81)(2.5 )
v, sin 6, = 11.7825 7))
Solving Egs. (1) and (2) yields
0,4 = 30.5° vy = 232m/s Ans.
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12-90.

Determine the minimum initial velocity v, and the
corresponding angle 0, at which the ball must be kicked in
order for it to just cross over the 3-m high fence.

SOLUTION

Coordinate System: The x—y coordinate system will be set so that its origin
coincides with the ball’s initial position.

x-Motion: Here, (vg), = vy cosf, x, = 0,and x = 6 m. Thus,

(i,) x = xg + (vo)x'

6 =0 + (vycosO)t
=0 M

Vg cosf

y-Motion: Here, (vg), = vosinf,a, = —g = —9.81 m/s? and y, = 0.Thus,

1
(+1) vy =yo+ (wo),t + antz

1
3 =0+ v (sinf)r + E(—9.8.1):2
3 = vy (sinf)r — 4.905¢2 Q?)

Substituting Eq. (1) into Eq. (2) yields

/ 58.86
— oY 3
Yo sin 20 — cos®6 3

From Eq. (3), we notice that v, is minimum when f(6) = sin26 — cos’6 is

. . . df(e)
maximum. This requires 0 0

daf(o

& = 2c0s20 + sin20 = 0
do

tan20 = —2

20 = 116.57°

6 = 58.28° = 58.3° Ans.

Substituting the result of 6 into Eq. (2), we have

58.86
o - 976 Ans.
(©0)min \/sin 116.57° — cos?58.28° m/s ns

Mech.MuslimEngineer.Net
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12-91.

During a race the dirt bike was observed to leap up off the
small hill at A at an angle of 60° with the horizontal. If the
point of landing is 20 ft away, determine the approximate
speed at which the bike was traveling just before it left the
ground. Neglect the size of the bike for the calculation.

. ‘r 20 ft

SOLUTION s

(5)s

S0+ Vot

20 = 0 + vy cos 60° ¢

1
(M) s =59 + 1y -i-aazct2

1
0=0+ v,sin60°¢ + 5(—32.2) I

Solving
t = 1.4668 s
vy = 273 ft/s Ans.
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*12-92.

The girl always throws the toys at an angle of 30° from
point A as shown.Determine the time between throws so
that both toys strike the edges of the pool B and C at the A

same instant. With what speed must she throw each toy?

SOLUTION
To strike B:

(—'t>)s:s0+v0t

25 =0+ vycos30°¢

1
(+M) s =59 + Vot + Eact2

1
025 =1+ v,siv30°t — 5(9.81)z2

Solving

t = 0.6687s
(va)p = 432 m/s
To strike C:
(B)s = sy + vt

4 =0+ vycos30°¢

1
(M) s =50 + vot + Eact2

1
025 =1+ v,siv30°r — 5(9.81)1‘2

Solving
t =0.790s

(va)c = 5.85m/s

Time between throws:

At =0.790s — 0.6687s = 0.121 s

30°

2.5m

4 m

Ans.

Ans.

Ans.
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12-93.

The player kicks a football with an initial speed of ®
vy = 90 ft/s. Determine the time the ball is in the air and
the angle 6 of the kick.
Yo
0

! 126 ft !

SOLUTION

Coordinate System: The x—y coordinate system will be set with its origin coinciding
with starting point of the football.

x-motion: Here, xy = 0, x = 126 ft, and (vy), = 90 cos 0

(i) x = xo + (Vo) t
126 =0 + (90 cos 0)¢

= 126
90 cos 6

@

y-motion: Here, y, = y = 0, (vg)y, = 90sin 0,and a, = —g = —32.2 ft. Thus,

1
(+1) y =y + (), + antz

[
O =0+ (90sin @) + 5(—32.2);2

O = (90sin 6)t — 16.17 )

Substitute Eq. (1) into (2) yields

) 126 126 \?
90 sig 9(90 cos 9) o <90 cos 9)

126 sin6®  31.556
0 = - 2
cos 0 cos” 60

O = 126sin 6 cos O — 31.556 (R)]

o

Using the trigonometry identity sin 260 = 2 sin 6 cos 6, Eq. (3) becomes
63 sin 20 = 31.556
sin 20 = 0.5009
26 = 30.06 or 149.94
0 = 15.03° = 15.0° or 0 = 74.97° = 75.0° Ans.

If 6 = 15.03°,

L 126
"~ 90 cos 15.03°

If6 = 74.97°,

= 1.45s Ans.

- 126
90 cos 74.97°

Thus, 0 =15.0°t=145s
0 =750°t=540s

=540s Ans.
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12-94.

angle 0 at which it was kicked.

From a videotape, it was observed that a pro football player @
kicked a football 126 ft during a measured time of
3.6 seconds. Determine the initial speed of the ball and the

0

SOLUTION
(i>> s =89t vyt
126 = 0 + (vy), (3.6)

('l)o)x =35 ft/S

(+T) s=s0+vot+%act2

0 =0+ (v),(36) + %(—32.2)(3.6)2

(v9)y = 57.96 ft/s

vy = V(35)% + (57.96)* = 67.7 ft/s

6 = tan! (%) = 58.9°

126 ft !

¢
o
(-4
x
120k 44—
STILE
-]
Ans. >
IS4
Ans.

Mech.MuslimEngineer.Net



12-95.

A projectile is given a velocity v, at an angle ¢ above the
horizontal. Determine the distance d to where it strikes the
sloped ground. The acceleration due to gravity is g.

SOLUTION
(i)) s =95yt vyt

dcosf =0 + vy(cos )t

(+T) s

L5
so T vt + Eact

1
dsing = 0+ v (sin ¢)t + 5 (~g)1°

Thus,
Jsin 0 ) ¢(dcos0> 1 (dcos@)2
sin @ = v, sin - =
0 VoS P 2 & V€O ¢
- 0 tan ¢ gd cos? 6
sinf = cosftanp — —5——~—
205 cos’ ¢
205 cos’ P

d = (cosftan ¢ — sin 6
( ¢ ) g cos*f
v} 5
d= (sin 2¢ — 2 tan 6 cos d))
g cosf

saluwl oLyl - yilssal dil
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*12-96.

A projectile is given a velocity v,. Determine the angle ¢ at
which it should be launched so that d is a maximum. The
acceleration due to gravity is g.

SOLUTION
(i)) Sy = 8o + vyt

dcosf =0 + v (cos ¢p)t

(+T) sy—so+v0t+%act2

1
dsin® = 0 + v (sin p)t + 5(_8)f2

Thus,
d cos 6 1 d cos 6 \?
dsinf = i - =
s vosmd)(vocosd) Zg(vocoscb)
. gd cos*
sinf = cosftan — ——5———
2v{ cos” ¢
20% cos’ P

d = (cos 6 tan ¢ — sin 0) 5
g cos”0
v
d= (sin 2¢ — 2 tan Ocosqu)
g cosf

Require:

did) _ j
dp g cosf

[cos 2¢(2) — 2 tan 6(2 cos ¢)(—sin d))} =0

cos 2¢ + tan fsin2¢p = 0

sin 2¢
cos 2¢

tanf + 1 =0
tan2¢p = —ctn 6

1
¢ = > tan~!(—ctn )

Mech.MuslimEngineer.Net
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12-97.

Determine the maximum height on the wall to which the
firefighter can project water from the hose, if the speed of
the water at the nozzle is vo = 48 ft/s.

ve =48 ft/s

SOLUTION -

c
(+NHv=1v + a.t 3t

IES

B}

30 ft

0 =48sin6 — 32.2¢
(—t)s =95 + Uot
30 = 0 + 48 (cos H)(t)

30
48 cos 0

48 sin 6 = 32.2

sin 6 cos 6 = 0.41927
sin 260 = 0.83854
0 = 28.5°

t =0.7111s

1
(+M)s =50 + vt + Eactz

1
h =3 =0+ 48sin28.5 (07111) + 5 (=322)(0.7111)?

h=11.1f1t Ans.
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H12-98.

Determine the smallest angle 6, measured above the
horizontal, that the hose should be directed so that the
water stream strikes the bottom of the wall at B. The speed
of the water at the nozzle is v = 48 ft/s.

ve = 48 ft/s
SOLUTION A
" B C3'ht
(=) s =5yt vt i
30=0+ 48cos Ot
. 30
48 cos 6
1
=M s:s0+v0t+§act2
) 1
0=3+48sin6¢ + E(—32.2)z2
48 sin 6 (30) ( 30 )2
0=3+——--16.1
48 cos 0 48 cos 0
0 = 3cos’6 + 30sin 6 cos @ — 6.2891
3cos’f + 15sin 20 = 6.2891
Solving
0 = 6.41° or 77.9° Ans.

Mech.MuslimEngineer.Net
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12-99.

Measurements of a shot recorded on a videotape during a

basketball game are shown. The ball passed through the 2300 _—
hoop even though it barely cleared the hands of the player B ("A ’
who attempted to block it. Neglecting the size of the ball, / h 10
determine the magnitude v4 of its initial velocity and the A 7 ft !
height 4 of the ball when it passes over player B. l l
25 ft 5 ft»‘
SOLUTION
(i>) s =59+ vt
30 =0 + vy cos30° t4¢
1
+h s=s0+v0t+§act2
. 1
10 = 7 + v, sin 30° t4c — 5(32.2)(&@
Solving
vy = 36.73 = 36.7 ft/s Ans.
the = 0.943 s
(_—t)) s =9 + Vol
25 =0 + 36.73 cos 30° t45
1
+h s=s0+v0t+5act2
. 1
h =7+ 36.73sin30°t45 — 5(32.2)(:3,3)
Solving
IAB = 0.786s
h=115ft Ans.

oMl alaiyl - dyilSall dial



*12-100.

It is observed that the skier leaves the ramp A at an angle
04 = 25° with the horizontal. If he strikes the ground at B,
determine his initial speed v4 and the time of flight ¢ 4 5.

SOLUTION
(__t)) s =yt

4
100(5) = v, Ccos 25° 4
(+T) S:S(]+v()[+l(l tz
2 c

3 1
—4 — 100(5) =0+ v,sin25% 45 + 5(—9.81)&3

Solving,
vy = 19.4m/s
taop = 4.54s

Mech.MuslimEngineer.Net
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12-101.

It is observed that the skier leaves the ramp A at an angle
0,4 = 25° with the horizontal. If he strikes the ground at B,
determine his initial speed v, and the speed at which he
strikes the ground.

SOLUTION

Coordinate System: x—y coordinate system will be set with its origin to coincide
with point A as shown in Fig. a.

4
x-motion: Here, x4, = 0, xz = 100 (g) = 80m and (v,4), = v4cos 25°.

(i) xXp = x4 T (Va)d
80 = 0 + (vy cos25°)¢
-8 o0
v 4 cos 25°

3
y-motion: Here, y, = 0, yg = —[4 + 100 (g)] = —64m and (v4), = v,4sin 25°
anda, = —g = —9.81 m/s?.

1
(+T> B = yat (Va)yt + E“ytz
) 1 2
—64 =0+ v,sin25°¢ + 5 (—9.81)¢
4.905> — v4sin25° 1 = 64 ?2)

Substitute Eq. (1) into (2) yieldS

80 \? 80
4905\ ——— | = in25°\ ———— | = 64
(vAcos 25°> st <UA cos 25°>

80 2
— | =20.65
<1)A cos 25° >

80
—————-=4.545
V4 cos 25°
vy = 1942m/s = 19.4m/s Ans.

Substitute this result into Eq. (1),

80
1= 942 cos 250 ¥

oMl alaiyl - dyilSall dial




12-101. continued
Using this result,
(+1)  (n)y = (0a)y + ayt
= 19.42 sin 25° + (—9.81)(4.5446)
= —36.37m/s = 3637m/s |
And
(i)) (vp)y = (V) = V4 cos25° = 19.42 cos 25° = 17.60 m/s —

Thus,
v = V(vp)i + (vp);
= \V36.37% + 17.60°

= 40.4 m/s Ans.

Mech.MuslimEngineer.Net



12-102.

A golf ball is struck with a velocity of 80 ft/s as shown.
Determine the distance d to where it will land.

SOLUTION

Horizontal Motion: The horizontal component of velocity is (vy), = 80 cos 55°
= 45.89 ft/s. The initial and final horizontal positions are (sy), = 0 and s, = d cos 10°,
respectively.

(_—t)) Sx = (SU)x + (v())xt
d cos 10° = 0 + 45.89¢ (60)
Vertical Motion: The vertical component of initial velocity is (), = 80 sin 55°

= 65.53 ft/s. The initial and final vertical positions are (sy), = 0 and s, = d sin 10°,
respectively.

1
(+T) Sy = (SO)y + (UO)yt + E(ac)y s
dsin 10° = 0 + 65.53¢ + %(—32.2):2 Q2)
Solving Egs. (1) and (2) yields

d = 166 ft Ans.
t = 3.568s

oMl alaiyl - dyilSall dial




12-103.

The ball is thrown from the tower with a velocity of 20 ft/s
as shown. Determine the x and y coordinates to where the
ball strikes the slope. Also, determine the speed at which
the ball hits the ground.

SOLUTION

Assume ball hits slope.

()

=
Il

<
Il

s =59+ vyt

3
0+ g(zo)t = 12¢
L 5
s =89+ vt +Eact

4 1
80 + < (20) + 5(=322)* = 80 + 161 — 16.1¢2

Equation of slope: y — y; = m(x — x;)

Thus,

1
y70=5(x720)

y=05x —10

80 + 16t — 16.1£2 = 0.5(12r) — 10

16.142 — 10t — 90 = 0

Choosing the positive root:

t =2.6952s

x = 12(2.6952) = 323 ft

Since 32.3 ft > 20 ft, assumption is valid.

Ans.

y = 80 + 16(2.6952) — 16.1(2.6952)> = 6.17 ft Ans.

() ve=()= %(20) = 121t/s

(+1) vy = (), + at = %(20) + (—322)(2.6952) = —70.785 ft/s

v = V(12)> + (~70.785)% = 71.8 ft/s Ans.

Mech.MuslimEngineer.Net



*12-104.

The projectile is launched with a velocity v,. Determine the
range R, the maximum height / attained, and the time of
flight. Express the results in terms of the angle 6 and v,,. The

acceleration due to gravity is g.

SOLUTION
(i)) s = 8y T vyt

R =0 + (vycos )t
Lo,
(+T) s=s8)+ vt + <a.t

2

0=0+ (vysin ) ¢ + %(—g)tz

0 = vysin  — ;(g)( R )

Vg cos 6
0
R = —sin 26
8
= R 0§ (2 sin@ cos )
B Vg cos 6 B vy g cost
2v
= ing
8

(+T) v? = v} + 2a.(s — so)

0 = (v sin 0)? + 2(—g)(h — 0)

2
v

h=—"sin?0
2g

Ans.

Ans.

Ans.

oMl alaiyl - dyilSall dial
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12-105.

Determine the horizontal velocity v4 of a tennis ball at A so
that it just clears the net at B. Also, find the distance s where
the ball strikes the ground.

SOLUTION

Vertical Motion: The vertical component of initial velocity is (vy), = 0. For the ball
to travel from A to B, the initial and final vertical positions are (sq), = 7.5 ft and
s, = 3 ft, respectively.

1
(—i—T) sy = (s0)y + (vo)y t + E(ac)y 12
3=754+0+ %(—32.2):%

f, = 0.5287 s

For the ball to travel from A to C, the initial and final vertical positions are
(s9)y = 7.5 ftand s, = 0, respectively.

1
(+1) 5= (s0)y + o)y + 5 (@), 2
1
0=75+0+ 5(—32.2)6
f, = 0.6825s

Horizontal Motion: The horizontal component of velocity is (vy), = v 4. For the ball
to travel from A to B, the initial and final horizontal positions are (sy), = 0 and
s, = 21 ft, respectively. The time ist = ¢; = 0.5287 s.

(¢) sy = (S0)x + (vo)x
21 = 0 + v, (0.5287)
vy = 39.72 ft/s = 39.7 ft/s Ans.

For the ball to travel from A to C, the initial and final horizontal positions are
(s0)x = 0and s, = (21 + s) ft, respectively. The time is t = t, = 0.6825 s.

(&) se = (50)x + (vo)it
21 + s = 0 + 39.72(0.6825)
s = 6.11 ft Ans.

Mech.MuslimEngineer.Net
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12-106.

The ball at A is kicked with a speed v, = 8 ft/s and at an y
angle 6,4 = 30°. Determine the point (x, —y) where it strikes
the ground. Assume the ground has the shape of a parabola
as shown.

SOLUTION
(v4)e = 8 cos30° = 6.928 ft/s

(va)y = 8 sin30° = 41ft/s

(—'t>)s=s0+v0t

x =0+ 6.928¢ @
1 2
(+1) s =59 + vt + Eact
1 2
y =0+ 40+ o (=322) Q2
y = —0.04 x*

From Egs. (1) and (2):
y = 0.5774 x — 0.3354 x*
—0.04 x* = 0.5774x — 0.3354 x*

0.2954 x> = 0.5774x

x = 195ft Ans.
Thus,
y = —0.04(1.954)2 = —0.153 ft Ans.
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12-107.

The ball at A is kicked such that 6, = 30°. If it strikes the y
ground at B having coordinates x = 15ft, y = —9ft,
determine the speed at which it is kicked and the speed at
which it strikes the ground.

SOLUTION

(B)s = sy + vt

15=0+ vycos30°¢

2

(+M)s

1
S0 + Vot + Edct

-9

0+ v,sin30°¢ + %(—32.2)[2

vy = 16.5 ft/s Ans.
t=1.047s

() (vp), = 16.54 cos 30° = 14.32 ft/s

(+T)v =1y + a.t

(vg), = 16.545in30° + (—32.2)(1.047)

= —25.45 ft/s

vp = V(14.32)2 + (—25.45)* = 292 ft/s Ans.

Mech.MuslimEngineer.Net



*12-108.

The man at A wishes to throw two darts at the target at B so Sm
that they arrive at the same time. If each dart is thrown with

a speed of 10 m/s, determine the angles 6 and 6 at which 95/5
they should be thrown and the time between each throw. /f —
Note that the first dart must be thrown at 6- (>6p), then Al //WD b

the second dart is thrown at 6p.

SOLUTION

(D) s=s0+ vt
5=0+ (10cos )¢

+1  v=v + adt

—10sin® = 10sinf — 9.81 ¢

_ 2(10sin 0)

081 = 2.039sin 6

From Eq. (1),

5 = 20.39 sin 6 cos 6

Since sin 26 = 2 sin 6 cos 6

sin 260 = 0.4905

The two roots are 0 = 14.7°
Oc = 75.3°
From Eq. (1):tp = 0.517 s

tc = 197s

So that At = tc — tp = 1455

@

Ans.

Ans.

Ans.
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12-109.

A boy throws a ball at O in the air with a speed v, at an
angle 6. If he then throws another ball with the same speed
vy at an angle 6, < 0, determine the time between the
throws so that the balls collide in mid air at B.

SOLUTION

Vertical Motion: For the first ball, the vertical component of initial velocity is
(vo)y = vy sin 6 and the initial and final vertical positions are (sg), = 0 and 5, = y,
respectively.

S I O R ORI CAN

1
y =0+ vysin 61ty + E(fg)t% @

For the second ball, the vertical component of initial velocity is (vy), = vysin 6, and
the initial and final vertical positions are (sg), = 0 and s, = y, respectively.

D s = o+ @+ (@), 2

1
y =0 + vysin 6t + E(—g)z% 2
Horizontal Motion: For the first ball, the horizontal component of initial velocity is
(vg)y = vy cos 6 and the initial and final horizontal positions are (sy), = 0 and
s, = x,respectively.
(%) 5e = (S0)x + (Vo)

x =0+ vycos bt 3)

For the second ball, the horizontal component of initial velocity is (vy), = vycos 6,
and the initial and final horizontal positions are (sg), = 0 and s, = x, respectively.

() 5= (s0)e + (vp),

x=0+ Vg COS 02 15} (4)

Equating Egs. (3) and (4), we have

cos 64
= 1 Q)]
cos 0,
Equating Egs. (1) and (2), we have
1
Vot Sin O — vgt,sin 6, = Eg(t% - t%) 6)

Solving Eq. [5] into [6] yields

_ 2wy cos 0 sin(0; — 6,)

g(cos?6, — cos®6)

, 2v, cos 6y sin(0; — 6,)
, =

g(cos? 6, — cos;)

Thus, the time between the throws is

2v,sin(6; — 6,)(cos B, — cos 6
A=t — 1y = 0sin(6, 2)( 2 1)

g(cos? 6, — cos’ 6;)
2'1)() sin (01 - 62)

= . . Ans.
8(cos 0, + cos01)  Mech.MuslimEngineer.Net
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12-110.

Small packages traveling on the conveyor belt fall off into a
l-m-long loading car. If the conveyor is running at a constant
speed of v = 2m/s, determine the smallest and largest
distance R at which the end A of the car may be placed from

the conveyor so that the packages enter the car.

SOLUTION

Vertical Motion: The vertical component of initial velocity is (), = 2 sin 30°
= 1.00 m/s. The initial and final vertical positions are (sy), = 0 and s, = 3 m,

respectively.
1
(+l) sy = (s0)y + (vo)yt + E(ac)y £
1 2
3=0 + 1.00(r) + E(9.81)(z )

Choose the positive root ¢ = 0.6867 s

Horizontal Motion: The horizontal component of velocity is (vy), = 2 cos 30°

= 1.732 m/s and the initial horizontal position is (sy), = 0.If s, = R, then

(+) 5¢ = (50 + (o) !
R =0 + 1.732(0.6867) = 1.19m
If s, = R + 1,then
($) sy = (S0)x + (vo)x
R+ 1 =0+ 1.732(0.6867)

R =0.189 m

Thus, R, =0.189 m, R,,,=1.19m

max

Ans.

Ans.

Ans.
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12-111.

The fireman wishes to direct the flow of water from his hose

to the fire at B. Determine two possible angles 6; and 6, at
which this can be done. Water flows from the hose at
vy = 80 ft/s.
20 ft
B
SOLUTION
<i>> s =8y + vyt
35 ft |
35 =0 + (80)(cos 0)t
(+T> s=s0+vot+lat2
2 C
. 1 2 %
—20 =0 — 80 (sin O)t + 5(—32.2)t
Thus, )/ (}l}’
X
0.4375 0.1914
20 = 80 sin 6 t + 16.1 3
cos 0 cos” 0 8’0{_ , ZDJL'E'
20 cos? 6 = 17.5sin 20 + 3.0816 %
S5 ;
Solving, ')l +~
01 = 24.9° (below the horizontal) Ans.
0, = 85.2° (above the horizontal) Ans.

Mech.MuslimEngineer.Net



*12-112.

The baseball player A hits the baseball at v, = 40 ft/s and
0, = 60° from the horizontal. When the ball is directly
overhead of player B he begins to run under it. Determine
the constant speed at which B must run and the distance d
in order to make the catch at the same elevation at which
the ball was hit.

15 ft

SOLUTION

Vertical Motion: The vertical component of initial velocity for the football is
(vo)y = 40 sin 60° = 34.64 ft/s. The initial and final vertical positions are (s), = 0
and s, = 0, respectively.

(1) sy = Gy + oyt + 3 (a0, 2

1
0=0+ 34.64t + 5(—32.2) P
t =2152s

Horizontal Motion: The horizontal component of velocity for the baseball is
(vg), = 40 cos 60° = 20.0 ft/s. The initial and final horizontal positions are
(59)r = 0 and s, = R, respectively.

( - ) Sx = (SO)x + (UO)x t
R =0 + 20.0(2.152) = 43.03 ft
The distance for which player B must travel in order to catch the baseball is

d=R—-15=43.03 — 15 =28.01t Ans.

Player B is required to run at a same speed as the horizontal component of velocity
of the baseball in order to catch it.

vy = 40 cos 60° = 20.0 ft/s Ans.
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12-113.

The man stands 60 ft from the wall and throws a ball at it
with a speed vy = 50 ft/s. Determine the angle 6 at which
he should release the ball so that it strikes the wall at the
highest point possible. What is this height? The room has a
ceiling height of 20 ft.

SOLUTION

v, = 50 cos 6
(i>) s =59 + vt
x=0+50cosft

+h  v=vy +adt

) 50sinf — 32.2¢

y
1
+M s =59+ vt + Eactz

y=0+50sin0t— 16.1 ¢

(+T) v V% + 2a.(s — sg)

v2 = (50sin 0)> + 2(—=322)(s — 0)
vy = 2500 sin*0 — 64.4 s

Require v, = Oats = 20 — 5 = 151t
0 = 2500sin’6 — 64.4 (15)

6 = 38.433° = 38.4°

From Eq. (2)

0 = 50sin 38.433° — 32.2¢
t=0.9652s

From Eq. (1)

x = 50 cos 38.433°(0.9652) = 37.8 ft

Time for ball to hit wall

From Eq. (1),

60 = 50(cos 38.433°)¢

t =1.53193s

From Eq. (3)

y = 50 sin 38.433°(1.53193) — 16.1(1.53193)2
y = 9.830 ft

h =9.830 +5 = 1481t

vy = 50 ft/s T Ha
A0 )
i 0 i
60 ft |
@
@ ¢
T
50 ft/s Tt
6. 20 ft
5
3) ft/s
| |
I‘ 60 — X |
“)
Ans.
Ans.
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12-114.

A car is traveling along a circular curve that has a radius of
50 m. If its speed is 16 m/s and is increasing uniformly at
8 m/s?, determine the magnitude of its acceleration at this

instant.
SOLUTION
v=16m/s
a, = 8 m/s?
r=50m

? (16)° )
a, = b 50 512m/s

a =V (8)?+ (512)* = 9.50 m/s? Ans.
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12-115.

Determine the maximum constant speed a race car can
have if the acceleration of the car cannot exceed 7.5 m/s?
while rounding a track having a radius of curvature of
200 m.

SOLUTION

Acceleration: Since the speed of the race car is constant, its tangential component of
acceleration is zero, i.e., ¢, = 0.Thus,

v
a=a, = —
p
2
v
75 =——
200
v = 38.7m/s Ans.
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*12-116.

A car moves along a circular track of radius 250 ft such that
its speed for a short period of time, 0 =1t =<4s, is
v = 3(t + ¢?) ft/s, where ¢ is in seconds. Determine the
magnitude of its acceleration when ¢ = 3's. How far has it
traveledint = 3s?

SOLUTION
v=73(t+ 1)
a, = % =3+6t

Whent = 3s, a, =3+ 6(3) = 21 ft/s?
33 +3)P

= =5.181t)s’
a, 750 5.18 ft/s
a ="V (217 + (5.18)% = 21.6 ft/s? Ans.
3
/ds = /3(r+ 2)dt
0
3 3
As ==+ 7
2 0
As = 40.5 ft Ans.
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12-117.

A car travels along a horizontal circular curved road that
has a radius of 600 m. If the speed is uniformly increased at
a rate of 2000 km/h?, determine the magnitude of the
acceleration at the instant the speed of the car is

60 km/h.
SOLUTION
a, = <200§2km)(1$(fmm)( 5 610}(‘) S)z = 0.1543 m/s?
v (60}11<m)(1§)10mm)(361012)5) = 1667m/s
a, = %2 = 12'0607 S 0.4630 m/s?
a=\Vda + da = V015432 + 0.4630> = 0.488 m/s> Ans.
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12-118.

The truck travels in a circular path having a radius of 50 m at
a speed of v =4 m/s. For a short distance from s = 0, its
speed is increased by ¥ = (0.05s) m/s?, where s is in meters.
Determine its speed and the magnitude of its acceleration
when it has moved s = 10 m.

SOLUTION

vdv = a;ds

v 10
/ vdv = / 0.05s ds
4 0

005

(10

0.50>— 8

v =4.583 = 458 m/s
v>  (4.583)°

= 0.42 2
a, P 50 0.420 m/s

a, = 0.05(10) = 0.5 m/s?

a = V(0.420)* + (0.5)> = 0.653 m/s’

¥ = (0.055) m /s
v=4m/s

LD -

50 m

Ans.

Ans.
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12-119.

The automobile is originally at rest at s = 0. If its speed is
increased by © = (0.05¢%) ft/s>, where ¢ is in seconds,
determine the magnitudes of its velocity and acceleration
when ¢ = 18s.

SOLUTION
a, = 0.05¢

v t
/dv= /0.05z2dz
0 0

v = 001677

s t
/ds = /0.0167r3dt
0 0

s = 41671073 ¢
Whent = 18s, s = 437.4ft
Therefore the car is on a curved path.

v = 0.0167(18%) = 97.2 ft/s

972y
= "o40

= 39.37 ft/s’

a, = 0.05(18%) = 16.2 ft/s?
a =V (39.37)? + (16.2)

a = 42.6 ft/s?

240 ft

Ans.

Ans.
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*12-120.

The automobile is originally at rest s = 0. If it then starts to
increase its speed at ¥ = (0.05¢%) ft/s%, where ¢ is in seconds,
determine the magnitudes of its velocity and acceleration at
s = 550 ft.

SOLUTION

The car is on the curved path.

a, = 0.05 ¢

v t
/dv: /o.osﬁdz
0 0

v = 001677

s t
/ds = /0.0167t3dt
0 0

s = 41671073 ¢
550 = 4.167(1073) ¢*
t=19.06s

So that

v = 0.0167(19.06)° = 115.4

v =115 ft/s
(1154 5
=" = 55.51 ft/s

a, = 0.05(19.06)? = 18.17 ft/s?

a = \V(5551)2 + (18.17)2 = 58.4 ft/s

oMl alaiyl - dyilSall dial
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12-121.

When the roller coaster is at B, it has a speed of 25 m/s, y 1,
which is increasing at a, = 3m/s’. Determine the Y= 100"
magnitude of the acceleration of the roller coaster at this w
instant and the direction angle it makes with the x axis. f
N
SOLUTION
Radius of Curature:
= X
o IO
100
dy 1 30 m—»‘
A
dx 50
d’y 1 ,)2’
- T mj,
x50 ,=T7681"%
dy\2 |2 1 \2Ppr
+ | == + =
[1 (dx) } ! (50 x) o0 a
p = = = . m
d*y ‘ 1
— = .
dx 50 x=30m e ¢=3O'9"
xX
A jon: = 2
cceleration a " am /5
a, = =3m/s oL

2 2
_vsT 25 2
a, = b T 7930 7.881 m/s

The magnitude of the roller coaster’s acceleration is

a=Va®+ a,> =3+ 78812 = 843 m/s’ Ans.
dy

1 oo
i x_30m> = tan 1{%(30)} = 30.96°.

As shown in Fig. a, a, is always directed towards the center of curvature of the path. Here,

a
a = tan”! (l) =
a;

with the x axis is

The angle that the tangent at B makes with the x axisis ¢ = tan_]<

7.881
an™! (T) = 69.16°. Thus, the angle 0 that the roller coaster’s acceleration makes

0=a—¢=382°"% Ans.
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12-122.

If the roller coaster starts from rest at A and its speed y

increases at a, = (6 — 0.06s) m/s?, determine the magnitude
of its acceleration when it reaches B where sz = 40 m.

SOLUTION
Velocity: Using the initial condition v = 0 at s = 0,

vdv = a;ds

v N
/ vdv = /(6 — 0.06s)ds
0 0

v = (\/lZs - 0.O6s2) m/s )

Thus,

v =\/12 40) — 0.06(40)> = 19.60 m/s
: (40) — 0.06(40) /

Radius of Curwature:

_ 1,
Y " 900"
dy _ 1
dx 507"
dy _ 1
dx* 50
dy 27132 ( 1 )2 3/2
+ | == + | ==
[1 (dx) } T+ {50% o0
= = = . m
P d*y 1
dx? 50
x=30m
Acceleration:
a, = v =6 — 0.06(40) = 3.600 m/s’
' 19.60°

= = = 2
a, p 7930 4.842 m/s

The magnitude of the roller coaster’s acceleration at B is

a=\Va’+ a,> = \V3600> + 4.842> = 6.03 m/s> Ans.
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12-123.

The speedboat travels at a constant speed of 15 m/s while
making a turn on a circular curve from A to B. If it takes
45 s to make the turn, determine the magnitude of the
boat’s acceleration during the turn.

SOLUTION

Acceleration: During the turn, the boat travels s = vt = 15(45) = 675 m. Thus, the
675

radius of the circular path is p = 2 = 22 1. Since the boat has a constant speed,
T T

a; = 0. Thus,

v 15
P

)

= 1.05 m/s’ Ans.
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*12-124.

The car travels along the circular path such that its speed is
increased by a, = (0.5¢') m/s?, where ¢ is in seconds.

Determine the magnitudes of its velocity and acceleration

after the car has traveled s = 18 m starting from rest. s=18m
Neglect the size of the car.

SOLUTION \

v t
/ dv = / 0.5¢" dt
0 0 0
= m
v =105 —-1) P

18 t
/ ds = 0.5/ (e — 1)dt
0 0

18 = 0.5(e' — ¢ — 1)

Solving,
t = 3.7064s
v =057 — 1) = 19.85m/s = 19.9 m/s Ans.
a, = = 0.5e'],_37064s = 20.35 m/s?
v 19.85%
= =3 T 13.14 m/s?
a= \/a,2 +d = V20.35% + 13.142 = 242 m/s? Ans.
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12-125.

The car passes point A with a speed of 25 m/s after which its
speed is defined by v = (25 — 0.15s) m/s. Determine the
magnitude of the car’s acceleration when it reaches point B,
where s = 51.5 m.

(y—16625x
B f—s

16 m
SOLUTION
Velocity: The speed of the car at B is
vg = [25 — 015(51.5)] = 1728 m/s
Radius of Curature:
L 5
y =16 25 X
dy
—==-32(10"°
e = 32(107)x
d’y
—5 = -32(107
de ( )
dy\? |32 273/2
— -3
[1 + <dx) } {1 + (—3.2(10 )x> }
p= e = = 324.58 m
2 -3.2(107%)
de x=50m
Acceleration:
2 2
vt 1728 )
a, = p 32458 0.9194 m/s
dv 2
a,=v == (25 - 0.155)(-0.15) = (02255 — 3.75) m/s
When the car is at B (s =515 m)
a, = [0225(51.5) — 3.75] = —2.591 m/s?
Thus, the magnitude of the car’s acceleration at B is
a=\Vda + dk=V(-2.591) + 09194 = 2.75 m/s> Ans.

Mech.MuslimEngineer.Net




12-126.

If the car passes point A with a speed of 20 m/s and begins
to increase its speed at a constant rate of a, = 0.5 m/s?,
determine the magnitude of the car’s acceleration when

625

16 m

s = 100 m.
SOLUTION
Velocity: The speed of the car at C is
ve? = v+ 2a, (sc — s4)
ve? = 207 + 2(0.5)(100 — 0)
ve = 22.361 m/s
Radjius of Curwature:
1
=16 — —_x*
Y 625"
dy
——=-32(10"
ix (107)x
d’y
— = -32(107
2 = “a2(10%)
dy\? 3/2 273/2
1+ <d—> {1 + (—3 2(1072 x) }
* 3125 m
p= = = .
d’y ~32(107%)|
dX2 x=0
Acceleration:
a,=v=05m/s
2 2
Ve 22.361 2
=—= = 1.60
= T 3125 m/s
The magnitude of the car’s acceleration at Cis
a=Va + d=\V05 + 160> = 1.68m/s Ans.
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12-127.

A train is traveling with a constant speed of 14 m /s along
the curved path. Determine the magnitude of the
acceleration of the front of the train, B, at the instant it
reaches point A (y = 0).

SOLUTION

x = 10605

X
y = 15 ln(ﬁ)
dy 10\/ 1 15
dx - 15(7)(5) s

Py _ 15
dx? X2
At x = 10,
dy\? B
[1 i (E) } 1+ @sp)
= = = 39.06
P &y |—0.15] m
dx?
_dv _
Yodr
¥ (14)?
=a=—= = 5.02 m/s”
n p 39.06 m/s

Mech.MuslimEngineer.Net
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*12-128.

When a car starts to round a curved road with the radius of
curvature of 600 ft, it is traveling at 75 ft/s. If the car’s
speed begins to decrease at a rate of ¥ = (—0.06¢%) ft/s?,
determine the magnitude of the acceleration of the car
when it has traveled a distance of s = 700 ft.

SOLUTION

Velocity: Using the initial condition v = 75 ft/s whent = O,

/dl = /a[dt
v t
/ dv = / —0.06¢2dt
v=T75 ft/s JOo

v = (75 — 0.02¢%) ft/s

Position: Using the initial condition s = 0 atz = 0,

ds = vdt

s t
/ ds = / (75 — 0.026%)dt
0 0

s = [75t — 0.005¢*] ft
Ats = 700 ft,
700 = 75¢ — 0.005¢*
Solving the above equation by trial and error,
t = 10s and r = 20 s. Pick the first solution.

Acceleration: ~~ When  t =10s, a, =9 = —0.06(10%) = —6 ft/s>
v =75 — 0.02(10°) = 55 ft/s

v 552
= = = 5042 ft/s?
= 7600 /s

Thus, the magnitude of the truck’s acceleration is

a=Va>+a2=\V(-6)+ 50422 = 7.84ft/s?

and

Ans.
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12-129.

When the motorcyclist is at A, he increases his speed along
the vertical circular path at the rate of » = (0.3¢) ft/s?,
where ¢ is in seconds. If he starts from rest at A, determine
the magnitudes of his velocity and acceleration when he
reaches B.

SOLUTION

v t
/ dv = / 0.3tdt
0 0

v = 0.15¢£

s t
/ ds = / 0.15¢% dt
0 0

s = 0.058

When s = 5(300) ft, 7(300) = 0.05¢° t = 18453
v = 0.15(18.453)> = 51.08 ft/s = 51.1 ft/s Ans.

a, = 0 = 0.3t],—154535 = 5.536 ft/s?

v? 51087 )
a, = b T a0 8.696 ft/s
a=\Va+ ai=V(5536) + (8.696)2 = 10.3 ft/s> Ans.

Mech.MuslimEngineer.Net
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12-130.

When the motorcyclist is at A, he increases his speed along
the vertical circular path at the rate of v = (0.04s) ft/s
where s is in ft. If he starts at v, = 2 ft/s where s = 0 at A,
determine the magnitude of his velocity when he reaches B.
Also, what is his initial acceleration?

SOLUTION
Velocity: Ats = 0,v = 2. Here,a, = v = 0.045. Then

/vdv=/atds

v N
/vdv: /0.04sds
2 0

’[)2 v N
—| = 0.025°
2 0
2
v
— — 2 =0.025%
2

V¥ = 0.045% + 4 = 0.04(s* + 100)
v =02Vs>+ 100
AtB,s = r6 = 300(3) = 100 ft. Thus

=02V (1007)? + 100 = 62.9 ft/s

s =1007 ft
Acceleration: Att = 0,s = 0,and v = 2.

v

a,=b=004s

= @ = 0.01333 ft/s?

a = V(0)? + (0.01333)? = 0.0133 ft/s?

oMl alaiyl - dyilSall dial
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12-131.

At a given instant the train engine at £ has a speed of
20m/s and an acceleration of 14 m/s? acting in the
direction shown. Determine the rate of increase in the
train’s speed and the radius of curvature p of the path.

SOLUTION

a, = 14 cos 75° = 3.62 m/s’

Ans.

a, = 14 sin 75°

_

p
Ans.
p=129.6m

Mech.MuslimEngineer.Net



*12-132.

Car B turns such that its speed is increased by
(a)5 = (0.5¢") m/s%, where ¢ is in seconds. If the car starts
from rest when 6 = 0°, determine the magnitudes of its
velocity and acceleration when the arm AB rotates 6 = 30°.
Neglect the size of the car.

SOLUTION
. . . . . dv
Velocity: The speed v in terms of time ¢ can be obtained by applying a = -
dv = adt
v t
/ dv = / 0.5¢" dt
0 0
v =05(e — 1) 60}
. 30°
When 6 = 30°, the car has traveled a distance of s = r0 = 5(180° 77) = 2.618 m.

The time required for the car to travel this distance can be obtained by applying
L ds
dr’

ds = vdt
2618 m i
/ ds = / 0.5(e" — 1) dr
0 0
2.618 = 0.5 (¢! — 1t — 1)
Solving by trial and error ¢ = 2.1234 s

Substituting t = 2.1234 s into Eq. (1) yields

v =05 (2P — 1) = 3.680 m/s = 3.68 m/s Ans.

Acceleration: The tangential acceleration for the car at ¢ =2.1234s is
a, = 0.5¢*123% = 4,180 m/s2. To determine the normal acceleration, apply Eq. 12-20.

> 3.680%
= % = T = 2708 m)s?
The magnitude of the acceleration is
a=\Va + d=\V4180% + 2.708* = 4.98 m/s? Ans.

oMl alaiyl - dyilSall dial




12-133.

Car B turns such that its speed is increased by
(a)) = (0.5¢") m/s?, where ¢ is in seconds. If the car starts
from rest when 6 = 0°, determine the magnitudes of its
velocity and acceleration when ¢ = 2 's. Neglect the size of

the car.
SOLUTION
, . . . . dv
Velocity: The speed v in terms of time ¢ can be obtained by applying a = i
dv = adt
v t
/ dv = / 0.5¢" dt
0 0
v=05(e — 1)
Whent = 25, v =05(e? — 1) = 3.195m/s = 3.19m/s Ans.

Acceleration: The tangential acceleration of the car at r=2s is
a, = 0.5¢* = 3.695 m/s’. To determine the normal acceleration, apply Eq. 12-20.

2 2
3.195
a, = % =—5 = 2.041 m/s?
The magnitude of the acceleration is
a=\Va + d=\3695 + 2.041> = 422 m/s? Ans.

Mech.MuslimEngineer.Net



12-134.

A boat is traveling along a circular curve having a radius of
100 ft. If its speed at t = 0 is 15 ft/s and is increasing at
v = (0.8¢) ft/s>, determine the magnitude of its acceleration
at the instant ¢ = Ss.

SOLUTION
v 5
/dv= /O.Stdz
15 0
v = 25ft/s
2 2
v 25
= — ="~ =625ft/s’
a, b 100 6.25 ft/s
At t=5s, a, = v = 0.8(5) = 4ft/s’

a=\Va +d =4 + 625 =742 ft/s> Ans.
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12-13s.

A boat is traveling along a circular path having a radius of
20 m. Determine the magnitude of the boat’s acceleration
when the speed is ¥ = 5 m/s and the rate of increase in the
speed is = 2 m/s’.

SOLUTION
a, = 2m/s’
2 52
a, = ; = % = 1.25m/52
a=\Va +a=\V22+ 125 = 236 m/s> Ans.

Mech.MuslimEngineer.Net



+*M12-136.
Starting from rest, a bicyclist travels around a horizontal circular
path, p = 10m, at a speed of » = (0.09:2 + 0.1¢) m/s,

where 7 is in seconds. Determine the magnitudes of his velocity
and acceleration when he has traveled s = 3 m.

SOLUTION

N t
/ds = /(0.09z2 + 0.1f)dt
0 0

s = 0.03 + 0.057

Whens =3m, 3= 0.032 + 0.057

Solving,
t=4147s
v= s _ 0.097 + 0.1t
dt
v = 0.09(4.147)> + 0.1(4.147) = 1.96 m/s Ans.
dv 2
a,=— =018 + 0.1 = 0.8465 m/s
dt (=4.147 s
v 1.96
=" =" = 0.3852 m/s?
a=\a+ ai = V(0.8465)2 + (0.3852)2 = 0.930 m/s’ Ans.
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12-137.

A particle travels around a circular path having a radius of
50 m. If it is initially traveling with a speed of 10 m/s and its
speed then increases at a rate of @ = (0.05v)m/s%
determine the magnitude of the particle’s acceleraton four
seconds later.

SOLUTION
Velocity: Using the initial condition v = 10 m/satz = 0s,

dt=@

a
t v
dv
a- |
l 10m/s 0.05v

v
{=120In->
T

v = (10e"?°) m/s
Whent = 4s,
v = 10e%? = 12.214 m/s

Acceleration: When v = 12214 m/s (t = 4s),

a, = 0.05(12.214) = 0.6107 m/s*

P (12214)

- 2
=, 0 2.984 m/s

Thus, the magnitude of the particle’s acceleration is

a=Va?+ ak=\06107> + 2.984> = 3.05 m/s> Ans.

Mech.MuslimEngineer.Net



12-138.

When the bicycle passes point A, it has a speed of 6 m/s,
which is increasing at the rate of ¥ = (0.5) m/s>. Determine
the magnitude of its acceleration when it is at point A.

/
50 m

SOLUTION

Radius of Curvature:

X
y=12 ln(%)
d
EROR:
dx x/20/\20 X

d*y _ 12
dx? x?
2732 27132
1+ (dy ) 1 (12
= dx = i = 226.59
p= dZy - ’_ E - : m
dx? x? x=50m
Acceleration:
a, = v =05m/s?
2 2 ,
=—= = 0.1589
I = = 22659 m/s
The magnitude of the bicycle’s acceleration at A is
a=\Va’+ a2 =\V05 + 01589 = 0.525 m/s> Ans.
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12-139.

The motorcycle is traveling at a constant speed of 60 km/h.
Determine the magnitude of its acceleration when it is at
point A.

SOLUTION

Radius of Curvature:

y = V2x12

dy 1 |
— == -1/2
i 2\/2x

d*y 1
-7 = 2 =3/2
A 4 Vax

T )T

2
di‘y ‘ — 1\6)‘.*3/2
dx? 4

= 36421 m

x=25m

Acceleration: The speed of the motorcycle at a is

km\/1000m\/ 1h
v <6Oh>< 1km ><3600 s> = 1667 m/s

v 16.67
a, = — =

p 36421

= 0.7627 m/s*

Since the motorcycle travels with a constant speed, a, = 0. Thus, the magnitude of
the motorcycle’s acceleration at A is

a=Va?+ a?=\V0*+ 07627 = 0.763 m/s* Ans.
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*12-140.

The jet plane travels along the vertical parabolic path.
When it is at point A it has a speed of 200 m/s, which is
increasing at the rate of 0.8 m/s. Determine the magnitude
of acceleration of the plane when it is at point A.

SOLUTION

y = 0.4x?

dy

— =0. =4
dx 08¢ x=5km

d2

% =028

dx

1+ 423/2

a, = 0.8 m/s’

_ (02007 0.457(1073) km/s?
W= grey - 04370107 ks

a, = 0.457 km/s’

a =V (0.8)? + (0.457)> = 0.921 m/s?

oMl alaiyl - dyilSall dial
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12-141.

The ball is ejected horizontally from the tube with a speed y
of 8 m/s. Find the equation of the path, y = f(x), and then
find the ball’s velocity and the normal and tangential

components of acceleration when ¢t = 0.25s. ”A_iSLn/ i .
T o
SOLUTION
v, = 8m/s
(B) s =y
x =8t . i
(+1) s=s0+vol+%act2 e o
A525my,

1
y=0+0+ 5(—9.81)z2

y = —4.905¢
2
X
= —4.905( -
g (8)
y = —0.0766x> (Parabola) Ans.

v =1y t+ at

v, =0 — 9.81¢

When ¢t = 0.25s,

vy = — 2.4525m/s

v="\V (8} + (2.4525)> = 837 m/s Ans.

b= tan! (2.4525

> = 17.04°

a, =0 a, =98l m/s
a, = 9.81 cos 17.04° = 9.38 m/s? Ans.

a, = 9.81 sin 17.04° = 2.88 m/s’ Ans.
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12-142.

A toboggan is traveling down along a curve which can be y
approximated by the parabola y = 0.01x%. Determine the
magnitude of its acceleration when it reaches point A, where
its speed is v, = 10 m/s, and it is increasing at the rate of
4 = 3m/s%

= 36 m

y=0.01x?

SOLUTION 3 [

‘*60m4"

Acceleration: The radius of czurvature of the path at point A must be determined
d d

first. Here,l = 0.02x and% = 0.02, then
dx dx
[1 + (dy/dx)’T?  [1 + (0.02x)°]*?

= = = 190.57
P |2y /dx?] 002 |i—oom m

To determine the normal acceleration, apply Eq. 12-20.

v? 10?
a, = — =

p  190.57

= 0.5247 m/s’

Here, a, = v, = 3 m/s. Thus, the magnitude of acceleration is

a=Va+ d =3+ 05247 = 3.05m/s Ans.
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12-143.

A particle P moves along the curve y = (x> — 4) m with a
constant speed of 5 m/s. Determine the point on the curve
where the maximum magnitude of acceleration occurs and
compute its value.

SOLUTION

y=06"—4
_dv _

T T

To obtain maximum a = a,, p must be a minimum.

This occurs at:

x=0, y=-4m Ans.
Hence,
dy d*y
=l ==0; 5 =2
dx|,— * Todx?
dy\? ]
)] nea
B dx 3 [1+ 0] 1
pmin @ - ‘2| - 2
dx?

2 52
(a)max = (an)max = v =7 = 50 1‘1’1/82 Ans.

min 2

Mech.MuslimEngineer.Net

rn

}’3‘-“‘1—“

2\



*12-144.

The Ferris wheel turns such that the speed of the passengers is
increased by » = (4t) ft/s?, where ¢ is in seconds. If the wheel
starts from rest when 6 = 0°, determine the magnitudes of 40 ft
the velocity and acceleration of the passengers when the /@
wheel turns 6 = 30°.

SOLUTION AN
/Odv= /04tdt

v =27
[)ds= Azﬁdz

s=%t3

Whens = T(0)ft.  7(40) =31° 1= 315545

v = 2(3.1554)2 = 19.91 ft/s = 19.9 ft/s Ans.

a, =0 =4t |,_5155 s = 12.62 ft/s?

v 19.91° 5
a ==y = 99Uty
a=Va’+ a2 =V12.622 + 9912 = 16.0 ft/s> Ans.
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12-145.

If the speed of the crate at A is 15 ft/s, which is increasing at
a rate » = 3ft/s?, determine the magnitude of the
acceleration of the crate at this instant.

SOLUTION

Radius of Curvature:
1,
Y7 16"
dy 1

dx 8 *
Thus,

- @T (T

p= = ‘ ‘ = 32.82 ft

d2y

dx®

x=10ft
Acceleration:
o 2
a, = v = 3ft/s

v 157 5
0= = = 685618

The magnitude of the crate’s acceleration at A is

a=Va®+a?="\3 + 6856 = 7.48 ft/s? Ans.

Mech.MuslimEngineer.Net
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12-146.

The race car has an initial speed v, = 15m/s at A. If it
increases its speed along the circular track at the rate
a, = (0.4s) m/s%, where s is in meters, determine the time
needed for the car to travel 20 m. Take p = 150 m.

SOLUTION

a, = 04s = Is

ads =vdv

/O.4sds= /vdv
0 15

N VZ

v

0.4s°
2

0o 2

15

04s> ¥ 225

2 2 2

v? = 045> + 225

b= B \Joas ¥ 25

="

S t
/ 4 / &t
0 \V0.4s* + 225 0

N
ds
————— = 0.632456¢
A Vs? + 562.5
s
In(s + Vs? + 562.5)| = 0.632 456t
0

In(s + Vs? + 562.5) — 3.166 196 = 0.632 456¢

Ats = 20m,

t=121s Ans.
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12-147.

A boy sits on a merry-go-round so that he is always located
at r = 8 ft from the center of rotation. The merry-go-round
is originally at rest, and then due to rotation the boy’s speed
is increased at 2 ft/s’. Determine the time needed for his
acceleration to become 4 ft/s’.

SOLUTION
a, =72

v=0+ 2t
@y
an—p— 3
2t)22
4= Jop+ (@
Jer + (&)
16 ¢
16 =4+ —
64
t=263s Ans.
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*12-148.

A particle travels along the path y = a + bx + cx?, where a,
b, ¢ are constants. If the speed of the particle is constant,
v = vy, determine the x and y components of velocity and the
normal component of acceleration when x = 0.

SOLUTION

y=a+ bx + cx?
y=bx +2cxx

y = bX + 2c (k)> + 2cx¥
When x = 0, y=bx

v+ x% + b x?

. Vo
Ux—X—im Ans.
Uob A
v, = —— ns.
VL
w5
a, = —
p

T e
dx
d
Tﬁzb+2cx
dzy
—> =2c
dx?
Atx =0 = (1+b2)3/2
A p= 2¢
2% A
a,=———-~ ns.
(1+bz)3/2
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12-149.

The two particles A and B start at the origin O and travel in y
opposite directions along the circular path at constant
speeds v, = 0.7m/s and wg = 1.5m/s, respectively.
Determine in ¢t = 2's, (a) the displacement along the path
of each particle, (b) the position vector to each particle, and
(c) the shortest distance between the particles.

SOLUTION i
(a) s4=072)=140m Ans. S5m

sg=152) =3m Ans.

B
1.40 Q A

(b) 64 =-——=0280rad. = 16.04°

A 5 vg = 1.5%\ "O/_O/'—x

vy =07m/s

3
0p = 57 0.600 rad. = 34.38°

For A
x = 5sin16.04° = 1.382 = 1.38 m

y = 5(1 — cos 16.04°) = 0.1947 = 0.195 m

ry, = {1.38i + 0.195j} m Ans.
For B

x = —5sin34.38° = —2.823 = -2.82 m

y = 5(1 —cos 34.38°) = 0.8734 = 0.873 m

rp = {—2.82i + 0.873j} m Ans.

(¢) Ar=rg—ry = {—4.20i + 0.678j} m

Ar = V(4207 + (0.678) = 426 m Ans.
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12-150.

The two particles A and B start at the origin O and travel in
opposite directions along the circular path at constant
speeds v, = 0.7m/s and wvp = 1.5m/s, respectively.
Determine the time when they collide and the magnitude of
the acceleration of B just before this happens.

SOLUTION

s, = 2m(5) = 31.4159 m
sq =07t

sp =15t

Require

sq + sp = 31.4159
0.7t + 1.5t = 31.4159
t=1428s = 143s

vy (L5)

p 5

ag = = 0.45m/s’

oMl alaiyl - dyilSall dial
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12-151.

The position of a particle traveling along a curved path is
s = (3t — 42 + 4) m, where ¢ is in seconds. When t = 2 s,
the particle is at a position on the path where the radius of
curvature is 25 m. Determine the magnitude of the

particle’s acceleration at this instant.

SOLUTION

Velocity:

v = 1(39 — 42 + 4) = (92 — 8t)m/s

dt

Whent = 25,

vli=2s = 9(22) — 8(2) = 20 m/s

Acceleration:
dv d/. 5 5
a, === (97 = 8) = (18 = 8)m/s
ali—ns = 18(2) — 8 =28 m/s2
(vl f _ 20 )
=" =" =1
a, p 25 6 m/s
Thus,
a=Va>+al= V28 +16 = 322m/s Ans.
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*12-152.
If the speed of the box at point A on the track is 30 ft/s

which is increasing at the rate of ¥ = 5 ft/s?, determine the

magnitude of the acceleration of the box at this instant.
< = 0.004x* +10
A

10 ft
SOLUTION x
, 50 ft
Radius of Curvature:
y = 0.004x> + 10
dy
—— = 0.008
dx *
d2
£~ 0.008
dx
Thus,
dy\2 |2 , P2
14+ 1 + (0.008
(dX) ( ! 156.17 f
= = = 156.17 ft
g &’y |0.008]
dx? x=50 ft
Acceleration:
v 307
=—= = 5.763 ft/s
I T 156.17 /s
a, = b = 5ft/s?
The magnitude of the box’s acceleration at A is therefore
Ans.

a=\Va?+a?=\5+5763 =763 ft/s>
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m12-153.

A go-cart moves along a circular track of radius 100 ft such
that its speed for a short period of time, 0 =t < 45, is
v =60(1 - e’[z) ft/s. Determine the magnitude of its
acceleration when ¢ = 2s. How far has it traveled in
t = 2s? Use Simpson’s rule with n = 50 to evaluate the

integral.

SOLUTION

v="60(1—e")

a, = % = 60(—e )(—2f) = 1201 "

ali—> = 120(2)e™* = 43958

=y = 60(1 — ¢ %) = 58.9011

(58.9011)2
a, = T
a = V(4.3958)2 + (34.693)% = 35.0 m/s>

s 2
/ds = /60(1 — e P)dt
0 0

s =67.1ft

= 34.693

Ans.

Ans.
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H12-154.

The ball is kicked with an initial speed v, = 8 m/s at an y
angle 6 4, = 40° with the horizontal. Find the equation of the
path, y = f(x), and then determine the normal and —
. . . @
tangential components of its acceleration when ¢ = 0.25 s.
vy =8m/s
- y
6,y = 40° ‘
A X
SOLUTION
Horizontal Motion: The horizontal component of velocity is (vy), = 8 cos 40°
= 6.128 m/s and the initial horizontal and final positions are (s), = 0 and s, = x,
respectively.
($) sy = (S0)x + (vo)ut
x =0+ 6.128¢ @ (y,

Vertical Motion: The vertical component of initial velocity is (vg), = 8 sin 40°
= 5.143m/s. The initial and final vertical positions are (sy), = 0 and s, =y,
respectively.

(+1) s = G+ Gt + 3 (@),

_ L 2
y =0+ 5143 + S (-981) (2) 2

Eliminate ¢ from Egs (1) and (2),we have

y = {0.8391x — 0.1306x*} m = {0.839x — 0.131x*) m Ans.

Acceleration: When t = 0.25 s, from Eq. (1),x = 0 + 6.128(0.25) = 1.532 m. Here,
d d
a%cj = (0.8391 — 0.2612x. At x = 1.532m, a%cj = (0.8391 — 0.2612(1.532) = 0.4389

and the tangent of the path makes an angle 6 = tan™'0.4389 = 23.70° with the x axis.
The magnitude of the acceleration is @ = 9.81 m/s? and is directed downward. From
the figure, « = 23.70°. Therefore,

a, = —asin @ = —9.81 sin 23.70° = —3.94 m/s’ Ans.

a, = acos a = 9.81 cos 23.70° = 8.98 m/s> Ans.
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12-155.

The race car travels around the circular track with a speed of
16 m/s. When it reaches point A it increases its speed at
a, = (%vl/“) m/s?, where v is in m/s. Determine the
magnitudes of the velocity and acceleration of the car when
it reaches point B. Also, how much time is required for it to

travel from A to B?

SOLUTION

v— 8=t
4
v=(t+8)p

ds = vdt

N t
/ds=/(r+8)%dz
0 0

t

3 7
=>(t + 8y
s=20+8)

0

s = %(r + 8) — 54.86

Fors = %(ZOO) = 1007 = %(z + 8)F — 54.86

t = 10.108s = 10.1 s

v = (10.108 + 8)° = 47.551 = 47.6 m/s
4 , R

a, =5 (47.551) = 3501 m/s

v (47.551)° )
a, = ; = W = 11.305 m/s

a = \V(3.501)> + (11.305)> = 11.8 m/s?

Ans.

Ans.

Ans.
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*12-156.

A particle P travels along an elliptical spiral path such
that its position vector r is defined by
r = {2cos(0.17)i + 1.5sin(0.1¢)j + (2¢)k} m, where ¢ is in
seconds and the arguments for the sine and cosine are given
in radians. When ¢ = 8s, determine the coordinate
direction angles «, 8, and vy, which the binormal axis to the
osculating plane makes with the x, y, and z axes. Hint: Solve
for the velocity vp and acceleration ap of the particle in
terms of their i, j, k components. The binormal is parallel to
vp X ap. Why?

SOLUTION
rp = 2 cos (0.17)i + 1.5sin (0.12)j + 27k

vp =1 = —0.2sin (0.17)i + 0.15 cos (0.17)j + 2k

ap =T = —0.02 cos (0.1¢)i — 0.015 sin (0.1¢)j

Whent = 8s,

vp = —0.2sin (0.8 rad)i + 0.15 cos (0.8 rad)j + 2k = —0.143 47i + 0.104 51j + 2k

ap = —0.02 cos (0.8 rad)i — 0.015 sin (0.8 rad)j = —0.013 934i — 0.010 76j

Since the binormal vector is perpendicular to the plane containing the n—t axis, and
a, and vp are in this plane, then by the definition of the cross product,

i i k
b=vpxap=|-014347 010451 2| = 0.021 52i — 0.027 868j + 0.003k
—0.013934 —0.01076 0

b = V/(0.02152)> + (—0.027868)2 + (0.003)2 = 0.035 338

u, = 0.608 99i — 0.788 62j + 0.085k

a = cos 1(0.608 99) = 52.5° Ans.
B = cos 1(—0.788 62) = 142° Ans.
y = cos 1(0.085) = 85.1° Ans.
Note: The direction of the binormal axis may also be specified by the unit vector
u, = —uy, which is obtained from b’ = a, X v,.

For this case, « = 128°, B = 37.9° y = 94.9° Ans.
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12-157.

The motion of a particle is defined by the equations
x=(2t+*)m and y = (f*) m, where t is in seconds.
Determine the normal and tangential components of the
particle’s velocity and acceleration when t = 2s.

SOLUTION
Velocity: Here,x = {(2t + tz) i+2 j} m.To determine the velocity v, apply Eq. 12-7.
d
v = d—: = {2+ 20)i + 26 ) m/s

When ¢=2s, v=][2+22)]i+2Q2)j={6i +4j)m/s. Then v= V6> + 4
= 7.21 m/s. Since the velocity is always directed tangent to the path,

v, =0 and v, =721 m/s Ans.
4
The velocity v makes an angle § = tan™! 6 33.69° with the x axis.
Acceleration: To determine the acceleration a, apply Eq. 12-9.
d
a == 2+ 25} m/s?
Then

a= V2 + 2% =2828m/s’

2
The acceleration a makes an angle ¢ = tan™ 5= 45.0° with the x axis. From the
figure, @« = 45° — 33.69 = 11.31°. Therefore,

a, = asin @ = 2.828 sin 11.31° = 0.555 m/s* Ans.

a, = acosa = 2.828 cos 11.31° = 2.77 m/s> Ans.
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12-158.

The motorcycle travels along the elliptical track at a
constant speed v. Determine the greatest magnitude of the
acceleration if a > b.

SOLUTION
b
Acceleration: Differentiating twice the expression y = 4 \Va* — x%, we have
dy _ b
dx aVa® — x*
ey w
d® (@ - x2)3/2

The radius of curvature of the path is

2732 b 272 20 T2
@] )] ads
_ dx _ aVa* — x* _ (@ — x%) )
P = dZy - ‘ ab - ab

e @ E (@ — )"

To have the maximum normal acceleration, the radius of curvature of the path must
be a minimum. By observation, this happens when y = 0 and x = a. When x —a,

B2 RN ) P2 L S
a(a® — x%) a(a® — xz)} [az(a2 - xz)} B - 2P

>> 1.Then, {1 +

b2
Substituting this value into Eq. [1] yields p = 7x3. Atx = a,
a

To determine the normal acceleration, apply Eq. 12-20.

2 2
v v _i b
(ﬂn)max - ; = bz/a = bz’l)

Since the motorcycle is traveling at a constant speed, a, = 0. Thus,

a
Amax = (an)max = ﬁvz Ans.
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12-159.

A particle is moving along a circular path having a radius
of 4 in. such that its position as a function of time is given
by 6 = cos2t, where 6 is in radians and ¢ is in seconds.
Determine the magnitude of the acceleration of the particle

when 6 = 30°.
SOLUTION
When 6 = § rad, % = cos2t = 0.5099 s
- do
0=—=—2sin2t = —1.7039 rad/s
dt 1=0.5099's
. d’
0 =— = —4cos2t = —2.0944 rad/s?
dr 1=0.5099 s
r=4 r=20 r=0

a, =7 — rg* = 0 — 4(—1.7039)> = —11.6135 in./s’

ag = rb + 2i9 = 4(—2.0944) + 0 = —8.3776 in./s’

a=\Va+ d = \V(-11.61357 + (-83776)> = 143 in./s? Ans.
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*12-160.

A particle travels around a limagon, defined by the
equation r = b — a cos 6, where a and b are constants.
Determine the particle’s radial and transverse components
of velocity and acceleration as a function of 6 and its time
derivatives.

SOLUTION

b — acos6

\
I

F = asin 60
F = acos 06” + asin 60
v, = F = asin 00 Ans.
vy =r6 = (b — acos6)f Ans.
a, =7 — r6> = acos 06> + asin 06 — (b — a cos 6)6°

= (2acosf — b) 6> + asin 66 Ans.
ag =10 + 270 = (b — acos 9)0 + 2<a sin 00)0

= (b — acos 6)8 + 2ab*sin 6 Ans.
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12-161.

If a particle’s position is described by the polar coordinates
r=4(1 + sint) mand 6 = (2¢') rad, where ¢ is in seconds
and the argument for the sine is in radians, determine the
radial and transverse components of the particle’s velocity

and acceleration whent = 2.

SOLUTION
Whent = 2s,

r = 4(1+sint) = 7.637
r=4cost = —1.66459
7= —4sint = —3.6372
0=2e¢"

6 =—2e" = —027067
6 =2e" = 0.270665

v, =1 = —1.66m/s

<
T
|

a, =¥ —r(0)? = —3.6372 — 7.637(—0.27067)?

= rf = 7.637(—0.27067) = —2.07 m/s

Ans.

Ans.

—4.20 m/s* Ans.

ag = o + 276 = 7.637(0.270665) + 2(—1.66459)(—0.27067) = 2.97 m/s>  Ans.
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12-162.

An airplane is flying in a straight line with a velocity of
200 mi/h and an acceleration of 3 mi/h?. If the propeller
has a diameter of 6 ft and is rotating at an angular rate of
120 rad/s, determine the magnitudes of velocity and
acceleration of a particle located on the tip of the
propeller.

SOLUTION

200mi (5280 ft\[ 1h
e = ( h >< 1 mi ><3600 s) = 293315

3mi\(5280ft\[ 1h \? )
ap = ( 2 >< e ><3600s> = 0.00122 ft/s

vp, = 120(3) = 360 ft/s

v = Vb + vh, = V(2933)2 + (360)2 = 464 ft/s Ans.
vh,  (360)
ap, = —& = GSO” _ 43200 ft/s2
p 3
a=\dy + db, = V(0.00122)> + (43 200)> = 43.2(10%) ft/s> Ans.
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12-163.

A car is traveling along the circular curve of radius » = 300 ft.
At the instant shown, its angular rate of rotation is
6 = 0.4 rad/s, which is increasing at the rate of § = 0.2 rad/s’.

Determine the magnitudes of the car’s velocity and &
acceleration at this instant. \/%
6=04raas 20N
6 =0.2 rad/s?
SOLUTION p

Velocity: Applying Eq. 12-25, we have
v, =F=0 vy =rb=30004) = 120 ft/s

Thus, the magnitude of the velocity of the car is

v =V + vy = V0 + 1202 = 120 ft/s Ans.

Acceleration: Applying Eq. 12-29, we have
a, =7 — r6® = 0 — 300(0.4?) = —48.0 ft/s’

ag = rf + 270 = 300(0.2) + 2(0)(0.4) = 60.0 ft/s>

Thus, the magnitude of the acceleration of the car is

a=\da + da} = V(—48.0)2 + 60.0> = 76.8 ft/s> Ans.
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*12-164.

A radar gun at O rotates with the angular velocity of
6 = 0.1 rad/s and angular acceleration of 6 = 0.025 rad/s?,
at the instant 6 = 45°, as it follows the motion of the car
traveling along the circular road having a radius of
r = 200 m. Determine the magnitudes of velocity and
acceleration of the car at this instant.

SOLUTION
Time Derivatives: Since r is constant,
F=7r=0
Velocity:
v,=1r=0
vp = r = 200(0.1) = 20 m/s

Thus, the magnitude of the car’s velocity is

v="Vol+ vy = V02 + 202 = 20 m/s
Acceleration:

a, =i — r6> = 0 — 200(0.1%) = =2 m/s?

ay = rf + 2i6 = 200(0.025) + 0 = Sm/s’

Thus, the magnitude of the car’s acceleration is

a=Va+al = \/(—2)2 + 5% = 539m/s?
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12-165.

If a particle moves along a path such that r = (2 cost) ft
and 6 = (z/2) rad, where ¢ is in seconds, plot the path
r = f(0) and determine the particle’s radial and transverse

components of velocity and acceleration.

SOLUTION

r=2cost r=-2sint ¥ = —2cost
t 1 ..

6=- 6=- 6=0
2 2

v, =F = —2sint

. 1
vy =10 = (2 cost)<5) = cos t

Q
$
Il

NS 1\ 5
F— rg”= —2cost — (2cost) > :—Ecost

. . 1
ag = rf + 20 = 2 cos t(0) + 2(—2sin t)(;) = —2sint

Ans.

Ans.

Ans.

Ans.

Mech.MuslimEngineer.Net



12-166.

If a particle’s position is described by the polar coordinates
r = (2sin20) m and 0 = (4¢) rad, where ¢ is in seconds,
determine the radial and transverse components of its
velocity and acceleration when ¢ = 1.

SOLUTION
When ¢ = 15,
0=41=4
6=4

6 =0

r = 2sin20 = 1.9787
i =4c0s206 = —2.3280

7 = —8sin260(6)* + 8 cos 20 6 = —126.638

v, =1 = -233m/s Ans.
vy = rf = 1.9787(4) = 7.91 m/s Ans.
a, =7 — r(0)> = —126.638 — (1.9787)(4)*> = —158 m/s’ Ans.
ag = o + 276 = 1.9787(0) + 2(—2.3280)(4) = —18.6 m/s’ Ans.
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12-167.

The car travels along the circular curve having a radius
r = 400 ft. At the instant shown, its angular rate of rotation
is 6 = 0.025 rad/s, which is decreasing at the rate
6 = —0.008 rad/s’. Determine the radial and transverse
components of the car’s velocity and acceleration at this
instant and sketch these components on the curve.

SOLUTION
r=400 =0 F=0
6 =0025 0=—0.008

v,=r=0

vy = rf = 400(0.025) = 10 ft/s

a, =¥ — r6> = 0 — 400(0.025)> = —0.25 ft/s

ag =10 + 276 = 400(—0.008) + 0 = —3.20 ft/s>

Mech.MuslimEngineer.Net
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*12-168.

The car travels along the circular curve of radius r = 400 ft
with a constant speed of v = 30 ft/s. Determine the angular
rate of rotation 6 of the radial line 7 and the magnitude of
the car’s acceleration.

SOLUTION
r=400ft F=0 F=0

v, =F=0 v9=ré=400(é)

v= V(0 + (400 é)z = 30

6 = 0.075 rad/s

6 =0

a, =7 — ré® = 0 — 400(0.075)% = —2.25 ft/s’
ag = r + 276 = 400(0) + 2(0)(0.075) = 0

a =V (-225)% + (0)? = 2.25 ft/s?

r =400 ft

6y TN

Ans.

Ans.
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12-169.

The time rate of change of acceleration is referred to as the
jerk,which is often used as a means of measuring passenger
discomfort. Calculate this vector, a, in terms of its
cylindrical components, using Eq. 12-32.

SOLUTION

S

a= (r — i - 2r(§é>u (r - r(92>u + (fé + rf + 270 + Zié)ue +

But,u, = 6u, u, = —0u, u,

Substituting and combining terms yields

a= (r - 3r9° — Sréé)u, + (3ié + 16+ 370 — ré3)u9 + ("z')uz

(r'e' + 2fé)n9 +Zu, + 70,

Ans.
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12-170.

A particle is moving along a circular path having a radius of
6 in. such that its position as a function of time is given by
0 =sin 3¢, where 6 is in radians, the argument for the sine are
in radians, and ¢ is in seconds. Determine the acceleration of
the particle at § = 30°. The particle starts from rest at

0 = 0°

SOLUTION

r = 6in., r=0, F=20
6 = sin 3t

6 =3 cos3t

6 = —9sin 3t

At = 30°,

30°
180°"

= sin 3¢

t =10.525s

Thus,

6 = 2.5559 rad/s

6 = —4.7124 rad/s>

a, =¥— ré? =0 — 6(2.5559)> = —39.196

ag = rf + 20 = 6(— 4.7124) + 0 = — 28274

a = "\V(-39.196)% + (— 28274)> = 483 in./s’

Ans.

oMl alaiyl - dyilSall dial



12-171.

The slotted link is pinned at O, and as a result of the
constant angular velocity § = 3 rad/s it drives the peg P for
a short distance along the spiral guide r = (0.46) m, where
0 is in radians. Determine the radial and transverse
components of the velocity and acceleration of P at the
instant § = /3 rad.

SOLUTION

6 =3rad/s r=040
=040
F =040

At 6 = % r = 04189

F = 04(3) = 1.20

¥ =04(0) =0
v=7=120m/s Ans.
vy = r6 = 0.4189(3) = 1.26 m/s Ans.
a, =7 — =0 — 0418932 = —3.77 m/s’ Ans.
ag =0 + 270 = 0 + 2(1.20)(3) = 7.20 m/s’ Ans.

Mech.MuslimEngineer.Net



12-172.

Solve Prob. 12-171 if the slotted link has an angular
acceleration § = 8 rad/s?2 when 6 = 3 rad/s at 6 = 7/3 rad.

SOLUTION

0=3rad/s r=046
=046
F =046

o= T

3

6=73

6=28

r = 04189

F=120

¥ = 04(8) = 320

v, =7 =120m/s Ans.
vy = r6 = 0.4189(3) = 1.26 m/s Ans.
a, =7 — 6> = 320 — 0.4189(3)> = —0.570 m/s Ans.
ag = r6 + 279 = 0.4189(8) + 2(1.20)(3) = 10.6 m/s’ Ans.
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12-173.

The slotted link is pinned at O, and as a result of the
constant angular velocity § = 3 rad/s it drives the peg P for
a short distance along the spiral guide r = (0.46) m, where
0 is in radians. Determine the velocity and acceleration of
the particle at the instant it leaves the slot in the link, i.e.,

when r = 0.5 m.

SOLUTION
r=2046

F =046

7 =040

0 =73

6 =0
Atr=05m,

0 =%— 1.25rad
r=1.20

F=0

vy =r6 =0503) = 1.50m/s
a, =7 — r(6)? =0 - 0503)* = —4.50 m/s’

6+ 2i9 = 0 + 2(1.20)(3) = 7.20 m/s>

1)
EY
Il

Ans.
Ans.
Ans.

Ans.
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12-174.

A particle moves in the x—y plane such that its position is
defined by r = {2fi + 4%} ft, where ¢ is in seconds.
Determine the radial and transverse components of the
particle’s velocity and acceleration when t = 2s.

SOLUTION

r =24 + 42|, = 4i + 16§

v =2i + 8tjl, = 2i + 16j

a=_§j

6 = tan*l(%) = 75.964°

v="V(2) + (16)* = 16.1245 ft/s
16

¢ = tan*1(7) = 82.875°

a = 8 ft/s?

¢ — 0 =69112°

v, = 16.1245 cos 6.9112° = 16.0 ft/s

vy = 16.1245 sin 6.9112° = 1.94 ft/s

5 =90° — 6 = 14.036°

. = 8cos 14.036° = 7.76 ft/s?

ay = 8sin 14.036° = 1.94 ft/s?

Ans.

Ans.

Ans.

Ans.
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12-17s.

A particle P moves along the spiral path r = (10/6) ft,
where 6 is in radians. If it maintains a constant speed of
v = 20 ft/s, determine the magnitudes v, and vy as functions
of 0 and evaluate each at § = 1 rad.

SOLUTION

_10
)

. 10 -
r= —(?)0

2
Since v* = i* + (r(?)

- (B ()

r

10? .
(20)? = (?)(1 + 6H)6?
. 26>
Thus,§ = ————
V1 + 62
o = <10> 26% 20 A
y =1 = —\ — = ns.
0>\ V1 + ¢ V1 + 6
Y p <10> 26% 200 Ans
8 = r = —_— = .
O/\VI+6*)] V1+6

When 6 = 1 rad

20
v, = (—\/§> = —14.1ft/s Ans.
20
vy = | —= | = 14.1ft/s Ans.
' <\/2>
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*12-176.

The driver of the car maintains a constant speed of 40 m/s.
Determine the angular velocity of the camera tracking the
car when 6 = 15°.

SOLUTION

Time Derivatives:
r = 100 cos 26
F = (=200 (sin 26)0) m/s
At6 = 15°,
Floz1s: = 100 cos 30° = 86.60 m

Ho1s- = —2005in 30°0 = —1006 m/s

Velocity: Referring to Fig. a, v, = —40 cos ¢ and v, = 40 sin ¢.

v, =F

—40 cos ¢ = —1000
and

vy = 16

40 sin ¢ = 86.600
Solving Egs. (1) and (2) yields

¢ = 40.89°

0 = 0.3024 rad/s = 0.302 rad/s
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12-1717.

When 6 = 15°, the car has a speed of 50 m/s which is
increasing at 6 m/s?. Determine the angular velocity of the
camera tracking the car at this instant.

r = (100 cos 20) m

SOLUTION
Time Derivatives:

100 cos 26

r

(—200 (sin 26) 6) m/s

}',.

# = —200((sin 26) 6 + 2 (cos 26) 6] m/s?
Atf = 15°,

100 cos 30° = 86.60 m

r‘9:15°
=15 = =200 5in 30°0 = —1006 m/s

Hors- = —200[sin 30°6 + 2 cos 30°67] = (—1006 — 346.416*) m/s”

Velocity: Referring to Fig. a, v, = —50 cos ¢ and v, = 50 sin ¢. Thus, 8
v, =F
—50 cos ¢ = —1000 ) = 59,,,,[; ’Ua
and rl
S ‘5‘* tangent
50 sin ¢ = 86.600 @ — W -
Solving Egs. (1) and (2) yields (ﬂ)
$ = 40.89°
6 = 0.378 rad/s Ans.
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12-178.

The small washer slides down the cord OA. When it is at the
midpoint, its speed is 200 mm/s and its acceleration is
10 mm/s%. Express the velocity and acceleration of the
washer at this point in terms of its cylindrical components.

SOLUTION

OA = V(400)* + (300)2 + (700)> = 860.23 mm

OB = V(400)> + (300)?> = 500 mm

500
= o0y -2 ) = 11
v, = ( 00)(860.23) 6 mm/s
Vg = 0
v, = (200)(%) — 163 mm/s

Thus,v = {—116u, — 163u,} mm/s

a, = 10( 500 ) = 5.81

860.23
ag = 0
700
a, = ]0(@) = 8.14

Thus,a = {—5.81u, — 8.14u,} mm/s’

Ans.

Ans.

oMl alaiyl - dyilSall dial

700 mm

300 mm




12-179.

A block moves outward along the slot in the platform with
a speed of i = (4t) m/s, where ¢ is in seconds. The platform
rotates at a constant rate of 6 rad/s. If the block starts from
rest at the center, determine the magnitudes of its velocity
and acceleration when ¢ = 1.

SOLUTION
P4l =4 F=4

0=6 6=
0

0
1 1
/ dr = 4t dt
0

r:2t2](1):2m

v = (i>2+ (ré)z =V @)+ [2(6)] = 12.6 m/s Ans.
a=\(F —ré?)2+ (16 +2i0)2 = V4 — 267F+ [0 + 24)(6)] Ans.
= 83.2m/s’
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*12-180.

Pin P is constrained to move along the curve defined by the

lemniscate » = (4 sin 26) ft. If the slotted arm OA rotates
counterclockwise with a constant angular velocity of
6 = 1.5 rad/s, determine the magnitudes of the velocity and
acceleration of peg P when 6 = 60°.

r = (4 sin 26) ft

SOLUTION

Time Derivatives:

r = 4sin26

r = (8(cos20)6)ft/s ¢ = 1.5rad/s

7 = 8[(cos20)d — 2sin26(6)*] ft/s 6 =0
When 6 = 60°,

Flo—goe = 4sin120° = 3.464ft
Flo—soe = 8c0s120°(1.5) = —61t/s
Flg=eor = 8[0 — 2sin120°(1.5%)] = —31.18 ft/s?
Velocity:
v, = = —61t/s vy = rh = 3.464(1.5) = 5.196ft/s

Thus, the magnitude of the peg’s velocity is

v = V2 + v = V(=6)> + 5.196> = 7.94ft/s Ans.
Acceleration:

a, =7 — rg* = —31.18 — 3.464(1.5%) = —38.97ft/s’

ag = rf + 210 = 0 + 2(—6)(1.5) = —18 ft/s’

Thus, the magnitude of the peg’s acceleration is

a=Va?+al="\V(-3897)% + (—18)* = 42.91t/s Ans.
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12-181.

Pin P is constrained to move along the curve defined by the
lemniscate r = (4 sin 26) ft. If the angular position of the
slotted arm OA is defined by § = (3t¥?) rad, determine
the magnitudes of the velocity and acceleration of the pin P
when 6 = 60°.

SOLUTION
Time Derivatives:

r = 4sin20

r = (8(cos20)0) ft/s

7 = 8[(cos20)6 — 2(sin 20)6°] ft/s
When 0 = 60° = grad,

% = 332 ¢ = 0.4958s

Thus, the angular velocity and angular acceleration of arm OA when

0= %rad (t = 0.4958s) are

b =20 = 3.168 rad/s
2 1=0.4958s
qi_9 1/2 2
0=— = 3.196 rad/s
4 ]1=0.4958s
Thus,
Flo=eor = 4sin120° = 3.464 ft
lo=eor = 8 c0s120°(3.168) = —12.67 ft/s
Flo—goe = 8[cos 120°(3.196) — 2 sin 120°(3.168%)] = —151.89 ft/s>
Velocity:

v, = i = —12.67 ft/s vy = 1O = 3.464(3.168) = 10.98 ft/s

Thus, the magnitude of the peg’s velocity is

v = Vo + v = V(-12.67)2 + 10987 = 16.8 ft/s Ans.
Acceleration:
a, =7 — r6> = —151.89 — 3.464(3.168%) = —186.67 ft/s’
ag = 10 + 279 = 3.464(3.196) + 2(—12.67)(3.168) = —69.24 ft/s

Thus, the magnitude of the peg’s acceleration is

a=\Va’+ a} = V(—186.67)* + (—69.24)* = 199 ft/s? Ans.

Mech.MuslimEngineer.Net
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12-182.

A cameraman standing at A is following the movement of a

race car, B, which is traveling around a curved track at a T
constant speed of 30 m/s. Determine the angularrate 6 at
which the man must turn in order to keep the camera
directed on the car at the instant 6 = 30°.

SOLUTION
r = 2(20) cosf = 40 cos0
i=—(40sin6)6
v=iu+rou,

(30)> = (—40sin0)*(6)* + (40 cos0)?(H)?

v

(30)% = (40)*[sin® 6 + cos® 0]()?

- 30
0= 0 0.75 rad/s Ans.
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12-183.

The slotted arm AB drives pin C through the spiral groove
described by the equation r = af. If the angular velocity is
constant at 6, determine the radial and transverse components
of velocity and acceleration of the pin.

SOLUTION

Time Derivatives: Since 0 is constant, then 6 =0.

r = ab i = ab F=ah =0

Velocity: Applying Eq. 12-25, we have
v, =71 = ab Ans.
Vg = 0 = ab Ans.
Acceleration: Applying Eq. 12-29, we have
a, =7 — r6> = 0 — af*> = —ab6? Ans.

ag = r6 + 2i0 = 0 + 2(ab)(0) = 2a6? Ans.
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*12-184.

The slotted arm AB drives pin C through the spiral groove
described by the equation r = (1.56) ft, where 6 is in
radians. If the arm starts from rest when 6 = 60° and is
driven at an angular velocity of 6 = (4¢) rad/s, where 7 is in
seconds, determine the radial and transverse components of
velocity and acceleration of the pin C whent = 1.

SOLUTION

Time Derivatives: Here,0 = 4t and 6 = 4 rad/s?.

r=1560 iF=150=15@) =61 F=1560=15(4)=6ft/s>

0 i
1
Velocity: Integrate the angular rate, / do = / 4tdt,we have 6 = 3 (6> + ) rad.
Z 0

Then, r = {;(612 + 77)} ft. At r=1s, r= %[6(12) + 7| = 45711, r = 6(1) = 6.00 ft/s.
and 6 = 4(1) = 4 rad/s. Applying Eq. 12-25, we have
v, =1 = 6.00 ft/s Ans.
vy = rf = 4571 (4) = 183 ft/s Ans.
Acceleration: Applying Eq. 12-29, we have
a, =7 — r6? = 6 — 4.571(4%) = —67.1 ft/s’ Ans.
ag = b + 279 = 4571(4) + 2(6) (4) = 66.3 ft/s> Ans.
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12-18s.

If the slotted arm AB rotates counterclockwise with a
constant angular velocity of § = 2rad/s, determine the
magnitudes of the velocity and acceleration of peg P at
0 = 30°. The peg is constrained to move in the slots of the
fixed bar CD and rotating bar AB.

\

SOLUTION |
I 4 ft
Time Derivatives:
r = 4secl
i = (4 secO(tanf)) ft/s ¢ = 2rad/s
7 = 4[secH(tanf)d + 6 (sec O (sec’9)d + tand sect(tan 0)6)] §=0

= 4[secO(tanh)h + 6*(sec30 + tan’6 sech)] ft/s>
When 0 = 30°,
Flg=30c = 4 sec30° = 4.619ft
Flg=30c = (4 sec30° tan30°)(2) = 5.333 ft/s
¥ lo=30 = 4[0 + 2%(sec®30° + tan?30° sec 30°)] = 30.79 ft/s’
Velocity:
v, =7 = 5333 ft/s vy = 1 = 4.619(2) = 9.238ft/s

Thus, the magnitude of the peg’s velocity is

v = Vu2+ vt = V53337 + 92387 = 10.7ft/s Ans.

Acceleration:
a, =7 — r6® = 30.79 — 4.619(2%) = 12.32 ft/s’

ag =10 + 276 = 0 + 2(5.333)(2) = 21.23 ft/s’

Thus, the magnitude of the peg’s acceleration is

a=\Va2+ a? = V12327 + 21.23% = 246 ft/s’ Ans.
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12-186.

The peg is constrained to move in the slots of the fixed bar
CD and rotating bar AB. When 6 = 30°, the angular
velocity and angular acceleration of arm AB are
6 =2rad/s and 6 = 3rad/s’, respectively. Determine
the magnitudes of the velocity and acceleration of the peg
P at this instant.

\

SOLUTION |

‘ 41t

Time Derivatives:
r = 4sech
F = (4sech(tanf)f) ft/s 6 = 2rad/s
¥ = 4[secO(tanf)f + 6 (sechsec’9d + tanfsecH(tanh)d)] & = 3rad/s’
= 4[secH(tanf)f + 62(sec’d° + tan’0°sech®)] ft/s>
When 0 = 30°,
rlg=30c = 4sec30° = 4.619ft
Flo=300 = (4 sec30°tan30°)(2) = 5.333ft/s
Flg—z0- = 4[(sec30° tan30°)(3) + 2%(sec>30° + tan?30° sec30°)] = 38.79ft/s>
Velocity:
v, = i = 5.333ft/s vy = rf = 4.619(2) = 9.238ft/s

Thus, the magnitude of the peg’s velocity is

v = Vu2+ v = V53337 + 92387 = 10.7ft/s Ans.

Acceleration:

7 — r6* = 38.79 — 4.619(2%) = 20.32 ft/s’

al‘
ag = 1 + 210 = 4.619(3) + 2(5.333)(2) = 35.19 ft/s?

Thus, the magnitude of the peg’s acceleration is

a=\Va + a? = V20322 + 35.19% = 40.6ft/s Ans.
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12-187.

If the circular plate rotates clockwise with a constant
angular velocity of § = 1.5 rad/s, determine the magnitudes
of the velocity and acceleration of the follower rod AB
when 0 = 2/3 rad.

SOLUTION

Time Derivaties:
r = (10 + 506"%) mm

i = 256020 mm/s

v 125 _ Loanm 2

r =256 0—56 6° | mm/s
When 6 = 2?’]Trad,

- 2 1/2
-2 = [10 + 50<?”) } = 8236 mm

- 2 -1/2
Ho-"7 = 25(%) (1.5) = 25.91 mm/s
- 1/2 =3/2
Ao = 25{0 - 5(%) (1.52)} — —9279 mm/s>

Velocity: The radial component gives the rod’s velocity.

v, = F =259 mm/s Ans.

Acceleration: The radial component gives the rod’s acceleration.

a, =7 — ré? = =9.279 — 82.36(1.5%) = —195 mm/s’ Ans.
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*12-188.

When 6 = 2/3wrad, the angular velocity and angular
acceleration of the circular plate are § = 1.5rad/s and
# = 3rad/s, respectively. Determine the magnitudes of the
velocity and acceleration of the rod AB at this instant.

1/2

SOLUTION

Time Derivatives:
r = (10 + 506'%) mm

i = 250~ mm/s
= 25[0*1/2'0' - %0*3/292} mm/s”
When 6 = %’T rad,

- 2 12
o = [10 + 50(7”) } = 82.36 mm

- 2 -1/2
Ho-"7 = 25(%) (1.5) = 25.91 mm/s

2= 25| (27) o - (%) a2 s e

3 3
For the rod,
v =7 =259 mm/s Ans.
a =7 =425 mm/s Ans.
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12-189.

The box slides down the helical ramp with a constant speed
of v = 2 m/s. Determine the magnitude of its acceleration.
The ramp descends a vertical distance of 1m for every full
revolution. The mean radius of the ramp is » = 0.5 m.

SOLUTION
L 1
Velocity: The inclination angle of the ramp is ¢ = tan™' —— = tan! = 17.66°.
27(0.5)

2mr
Thus, from Fig. a, vy = 2 cos 17.66° = 1.906 m/s and v, = 2 sin 17.66° = 0.6066 m/s. Thus,

Vg = ré
1.906 = 0.50

6 = 3.812rad/s

Acceleration: Since r = 0.5 mis constant,j = 7 = O.Also,éis constant,thené = 0.
Using the above results,

a, =¥ —rf® =0 — 0.5(3.812)> = —7.264 m/s>

ag = r + 216 = 0.5(0) + 2(0)(3.812) = 0

Since v, is constant a, = 0. Thus, the magnitude of the box’s acceleration is

a=Va?+a?+a?=\V(-7264)>+ 0> + 0> = 7.26 m/s> Ans.

Mech.MuslimEngineer.Net
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12-190.

The box slides down the helical ramp which is defined by
r=0.5m,6 = (0.5°)rad, and z = (2-0.2:*) m, where ¢ is
in seconds. Determine the magnitudes of the velocity and
acceleration of the box at the instant § = 27rrad.

SOLUTION

Time Derivatives:

r=05m

F=F=0

6= (1.5t2) rad/s 6 = (3t) rad/s?

z7=2-027

z = (—0.4f) m/s z=-04 m/s2
When 0 = 27 rad,

27 = 0.5 t=2325s
Thus,

B]i—2305« = 1.5(2.325)> = 8.108 rad/s

02305 = 3(2325) = 6.975 rad/s’

Zmamss = —0.4(2.325) = —0.92996 m/s

Zams = —0.4 m/s?
Velocity:

v,=r=0

vy = rf = 0.5(8.108) = 4.05385 m/s

v, = z = —0.92996 m/s

Thus, the magnitude of the box’s velocity is

v="Vu,2+ v, + 0,2 = V0 + 405385 + (—0.9299)* = 416 m/s  Ans.
Acceleration:
a,=7%—r6® =0 — 058.108)> = —32.867 m/s’
ag=r6 + 276 = 0.5(6.975) + 2(0)(8.108)> = 3.487 m/s>
a,=7=—-04m/s

Thus, the magnitude of the box’s acceleration is

a=Va?+a? + a? =\ (-32867)% + 3487> + (—0.4)> = 33.1m/s’> Ans.
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12-191.

For a short distance the train travels along a track having
the shape of a spiral, » = (1000/0) m, where 6 is in radians.
If it maintains a constant speed v = 20 m/s, determine the
radial and transverse components of its velocity when

0 = (97/4) rad.

SOLUTION
,_ 1000

Since

0 = (i) + (r6)?

(1000)> . (1000)? .
(20)* = ?(9)2 + T(l‘))2
1000)? )
(20)* = (OT)U + 0%)(6)*
Thus,
~0.0207
V1 + 6
97
A -
to =",
0 = 0.140
-1
= © (/)2;)2 (0.140) = —2.80
T

v, == —-280m/s

1000
(97/4)

vy =r0 = (0.140) = 19.8 m/s

Ans.

Ans.
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12-192.

For a short distance the train travels along a track having
the shape of a spiral, » = (1000/0) m, where 6 is in radians.
If the angular rate is constant, 0 =02 rad/s, determine the
radial and transverse components of its velocity and
acceleration when § = (97/4) rad.

SOLUTION
6 =02
6=0
1000
- 1000
0

F = —1000(672)6

7 = 20006)(6)* — 1000(62)6

9

When 6 = =

r = 141477

F = —4.002812

¥ = 0.226513

v, =F = —4.00m/s Ans.
vy = r6 = 141.477(0.2) = 283 m/s Ans.
a, =7 — r(0)* = 0226513 — 141.477(0.2)* = —5.43 m/s’ Ans.
ag = r6 + 216 = 0 + 2(—4.002812)(0.2) = —1.60 m/s’ Ans.
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12-193.

A particle moves along an Archimedean spiral r = (86) ft,
where 6 is given in radians. If # = 4 rad/s (constant),
determine the radial and transverse components of the
particle’s velocity and acceleration at the instant
9 = /2 rad. Sketch the curve and show the components on
the curve.

SOLUTION

Time Derivatives: Since 0 is constant, 6 =0.

r=80= 8(%) —drft =80 =8(4) =320ft/s 7

Velocity: Applying Eq. 12-25, we have
v, =1 = 32.0ft/s
vy = rB = 47 (4) = 503 ft/s
Acceleration: Applying Eq. 12-29, we have
a, =7 — r6® = 0 — 4m(4%) = =201 ft/s?

ag = r0 + 2r0 = 0 + 2(32.0)(4) = 256 ft/s>

Mech.MuslimEngineer.Net
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Ans.

Ans.

|
) qu,,=.32-0ft/s

<] .—(71
ag=,25éﬂ:[gv

o——o
Vp=5055¢)

~

r

r=(80)ft

a,=201 ftfs>



12-194.

Solve Prob. 12-193 if the particle has an  angular
acceleration § = 5rad/s?> when § = 4 rad/s at§ = 7 2 rad.

SOLUTION

Time Derivatives: Here,
r=80= 8(%) —drft i =80 = 8(4) = 32.0ft/s
7 =86 = 8(5) = 40 ft/s?
Velocity: Applying Eq. 12-25, we have
v, = i = 32.0ft/s
vy = r6 = 4m(4) = 50.3 ft/s
Acceleration: Applying Eq. 12-29, we have
a, =7 — ré® = 40 — 4z (42) = 161 ft/s’

ag = rf + 2r0 = 4w (5) + 2(32.0)(4) = 319 ft/s’

r M
Y=320fts

Ans. 4 Ag=3195Ys*
Ans. @ —<= i

Vp=50-3 Ftfs 2
Ans.
Ans.

8="Lroad
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12-195.

The arm of the robot has a length of r =3 ft grip
A moves along the path z = (3sin46) ft, where
0 isinradians. If0 = (0.5¢) rad, where¢isin
seconds, determine the magnitudes of the grip’s
velocity and acceleration when ¢ =3s.

SOLUTION

6=05t r=3 z = 3sin 2t

6 =05 F=0 z = 6cos 2t
6=0 F=0 7= —12sin2¢
Att = 3s,

z = —0.8382

z = 5.761

7 =3353

v, =0

vy = 3(05) = 1.5

v, = 5.761

v = V(0)2 + (1.5) + (5.761)> = 5.95 ft/s Ans.

a, = 0 — 3(0.5)* = —-0.75

a4, =0+0=0
a, = 3353
a=\V(=07572 + (02 + (3.353)* = 3.44 /s> Ans.
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*12-196.

For a short time the arm of the robot is extending at a
constant rate such that 7= 15ft/s when r =3ft,
7= (4% ft, and 6 = 0.5¢rad, where ¢ is in seconds.
Determine the magnitudes of the velocity and acceleration
of the grip A whent = 3s.

SOLUTION

6 = 0.5¢trad r=3ft 7=471t
6 = 0.5rad/s F=15ft/s z = 81tft/s
6=0 F=0 7 = 8 ft/s?
Att = 3s,

6=15 r=3 z=136

6 =05 F=15 7 =124

6=0 P =0 =38

v, = 1.5

vy = 3(0.5) = 1.5

v, =24

v ="V(1.5)7% + (1.5 + (24)> = 24.1 ft/s Ans.
a, = 0 — 3(0.5)> = —0.75
ag = 0 + 2(1.5)(0.5) = 1.5

a, =8

a=\V(=07572 + (157 + (8)? = 8.17 ft/s? Ans.
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12-197.

The partial surface of the cam is that of a logarithmic spiral
r = (40¢°%% mm, where 6 is in radians. If the cam is rotating
at a constant angular rate of 6 = 4 rad/s, determine the
magnitudes of the velocity and acceleration of the follower

rod at the instant 6 = 30°.

SOLUTION
r = 4080'050
= 200050

2
F= o.w“"”(a) +2e"%

P

6
6 = —4
6=0

r = 40e “95G) = 41,0610
i = 2¢ 005(F) (—4) = —8.2122
¥ = 0.1e “5G) (—4)2 + 0 = 1.64244

v =7 =-82122=821 mm/s

a =7 —r6®=164244 — 41.0610(—4)> = —665.33 =—665 mm/s2 Ans,

Ans.
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12-198.

Solve Prob. 12-197, if the cam has an angular acceleration
of § = 2rad/s® when its angular velocity is § = 4 rad/s at

6 = 30°.

SOLUTION

r = 400050 6=4radfs
;= 2600505 o= 0_160-05(%)(_4)2 + 230-05(%)(—2) = —2.4637

¥ = 0.0eM50(g)2 + 26950y = ¢ = 82122 = 821 mm/s

o=T
6
b6=—4
a=F—rf2 = —24637 — 41.0610(—4)> = —659 mm/s’
§=—2

r = 40e*95) = 41.0610

7= 2e05(6) (—4) = —82122
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12-199.

If the end of the cable at A is pulled down with a speed of
2 m/s, determine the speed at which block B rises.

SOLUTION

Position-Coordinate Equation: Datum is established at fixed pulley D. The
position of point A, block B and pulley C with respect to datum are s, sg, and s
respectively. Since the system consists of two cords, two position-coordinate

equations can be derived.
(sa = sc) + (53 = 5c) +sp=1

sgt+ sc=1h

Eliminating s from Egs. (1) and (2) yields
sqg+dsg =1 =2,

Time Derivative: Taking the time derivative of the above equation yields

vy +4vg =0
Since v, = 2 m/s, from Eq. (3)
(+) 2+ dvg =0

vg = —05m/s = 0.5m/s |

@
2

3

Ans.

Mech.MuslimEngineer.Net

Ss



*12-200.

The motor at C pulls in the cable with an acceleration
ac = (3r%) m/s? where tis in seconds. The motor at D draws
in its cable at a;, = 5 m/s%. If both motors start at the same
instant from rest when d = 3 m, determine (a) the time
needed for d = 0, and (b) the relative velocity of block A

with respect to block B when this occurs.

SOLUTION
For A:

sat (sa—sc)=1
2v, = e

2

2a4 = ac = —3t

-15°2 =157 —

aa
vy =057 —

sy = 0.125¢4 —
For B:

ag = 5m/s? <

vp =5t <«

sp =251 <«
Require s4 + sp = d
0.125¢* + 2.5 = 3

Setu =+ 0.1254%* + 2.5u = 3
The positive root is u = 1.1355.Thus,

t = 1.0656 = 1.07 s

vy = 0.5(1.0656)° = 0.6050
vg = 5(1.0656) = 5.3281 m/s
VA =Vgt Vyp

0.6050i = —5.3281i + v /pi

vy =593m/s —

Ans.

Ans.
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12-201.

The crate is being lifted up the inclined plane using the
motor M and the rope and pulley arrangement shown.
Determine the speed at which the cable must be taken up
by the motor in order to move the crate up the plane with a
constant speed of 4 ft/s.

SOLUTION

Position-Coordinate Equation: Datum is established at fixed pulley B.The position
of point P and crate A with respect to datum are s, and s 4, respectively.

254 + (sq4 —sp) =1
3sy —sp=10
Time Derivative: Taking the time derivative of the above equation yields
3oy —vp=0 @
Since v, = 4 ft/s, from Eq. [1]
+) 3(4) —vp =0

vp = 12 ft/s Ans.
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12-202.

Determine the time needed for the load at B to attain a
speed of 8 m/s, starting from rest, if the cable is drawn into
the motor with an acceleration of 0.2 m/s’.

SOLUTION
4sp + 54 =1
dvg = —wy
dag = —ay
4ag = —0.2
ag = —0.05m/s?

(+) vg = (vg)y + agt
—8 =0 — (0.05)()

t=160s Ans.
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12-203.

Determine the displacement of the log if the truck at C

pulls the cable 4 ft to the right.

SOLUTION

2sp + (sg — s¢) =1
3sg — sc =1

3Asg — Asc =0
Since As¢c = —4, then
3Asp = —4

Asp = —1331ft =133 ft—

Ans.
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*12-204.

Determine the speed of cylinder A, if the rope is drawn
towards the motor M at a constant rate of 10 m/s.

SOLUTION

Position Coordinates: By referring to Fig. a, the length of the rope written in terms
of the position coordinates s 4 and s, is

3SA+SM:l

Time Derivative: Taking the time derivative of the above equation,
<+ \l/) S’UA + Uy — 0
Here, vy, = 10 m/s. Thus,

3v, + 10 =0

vy =—333m/s =333m/s | Ans.
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12-205.

If the rope is drawn toward the motor M at a speed of
vy = (5¢%%) m/s, where tis in seconds, determine the speed
of cylinder A when ¢ = 1s.

SOLUTION

Position Coordinates: By referring to Fig. a, the length of the rope written in terms
of the position coordinates s 4 and s, is

3s A + s M = l
Time Derivative: Taking the time derivative of the above equation,

<+l) 3v0 t vy =0

Here, vy, = <5t3/2) m/s. Thus,

3v, + 502 =0

Vy = <§t3/2> m/s = <§t3/2> m/s

= 1.67m/s Ans.

t=1s
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12-206.

If the hydraulic cylinder H draws in rod BC at 2 ft/s, A

determine the speed of slider A. :
B C
H ° o o
—

SOLUTION Do
2y + 54 =1

20 = —v,

2(2) = ~vq

vy = —4ft)s = 41t)s — Ans. 3’]
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12-207.

If block A is moving downward with a speed of 4 ft/s while
C is moving up at 2 ft/s, determine the speed of block B.

SOLUTION

SA+2SB+SC:l
'UA+2’UB+’UC:0
44205 -2=0

vg = —1ft/s =1ft/s T Ans.
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*12-208.

If block A is moving downward at 6 ft/s while block C is

moving down at 18 ft/s, determine the speed of block B.

SOLUTION

SA+2SB+SCZI

'UA+2’UB+’UC:0

6+2v5+18=0

vg = —12ft/s = 12ft/s | Ans.
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12-209.

Determine the displacement of the block B if A is pulled
down 4 ft.

SOLUTION
254 + 2sc =1
ASA = _ASC

SB_SC+SB:ZZ

2 Asg = Asc

Thus,

2 Asg = —Asy

2 Asg = —4

Asp= —2ft=21ft1 Ans.
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12-210.

The pulley arrangement shown is designed for hoisting
materials. If BC remains fixed while the plunger P is pushed
downward with a speed of 4 ft/s, determine the speed of the
load at A.

SOLUTION
Ssp+ (sp—sa) =1
655 — 54 =1

605 — vy =0
6(4) = v4

vy = 24 ft/s Ans.
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12-211.

Determine the speed of block A if the end of the rope is
pulled down with a speed of 4 m/s.

SOLUTION

Position Coordinates: By referring to Fig. a, the length of the cord written in terms
of the position coordinates s 4 and s is

Spt+ 54+t 2(s4 —a) =1

spt3s4=1+2a

Time Derivative: Taking the time derivative of the above equation,
(1) vy +30,=0

Here, vz = 4 m/s. Thus,

4+3v,=0 vy =—133m/s = 1.33m/s | Ans.
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*12-212.

The cylinder C is being lifted using the cable and pulley
system shown. If point A on the cable is being drawn toward
the drum with a speed of 2 m/s, determine the speed of the
cylinder.

SOLUTION

I'=sc+ (sc—=h)+ (sc—h—ss)
1 =3sc—2h — s,

0 = 3vc— vy

-2
Ve = %A = = ~0.667m/s = 0.667 m/s i
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12-213.

The man pulls the boy up to the tree limb C by walking
backward at a constant speed of 1.5 m/s. Determine the
speed at which the boy is being lifted at the instant
x, = 4m. Neglect the size of the limb. When x, = 0,
yg = 8m, so that A and B are coincident, i.e., the rope is
16 m long.

SOLUTION

Position-Coordinate Equation: Using the Pythagorean theorem to determine /4,

we have [ 4 = \/m. Thus,
L=1lsc+ yp
16 = Vi + 8 + yg
yp =16 — Vx% + 64 §))

dx
Time Derivative: Taking the time derivative of Eq. (1) and realizing that v, = TIA
and vg = 7 we have
BT ur
dyB XA dXA
vp= =/
dt Vi + 64 dt
= @)
vp = ———————vy
Vx4 + 64
At the instant x4, = 4 m, from Eq. [2]
4 (1.5) 0.671 m/s = 0.671 m/s 1 Ans
Vp = = —/— . = —Uu. = U. .
V4% + 64

Note: The negative sign indicates that velocity vp is in the opposite direction to that
of positive yp.
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12-214.

The man pulls the boy up to the tree limb C by walking
backward. If he starts from rest when x, = 0 and moves

backward with a constant acceleration a, = 0.2 m/s%
determine the speed of the boy at the instant ygz = 4 m.
Neglect the size of the limb.When x4, = 0, yg = 8 m,so that A
and B are coincident, i.e., the rope is 16 m long.

SOLUTION

Position-Coordinate Equation: Using the Pythagorean theorem to determine / 4¢,

we have [ 4 = \/m. Thus,
=14+ yp
16 = V% + 8 + yp
yp =16 — Vx4 + 64 §))

d
Time Derivative: Taking the time derivative of Eq. (1) Where v, = % and
vp = s we have
B dt 9
dyg X4 dx 5
Vp=— = —————
dt Vi + 64 dt
X
vp =~ 2

—A ),
Vx4 + 64

At the instant yz = 4m, from Eq. (1),4 = 16 — Vx4 + 64, x4, = 8.944 m. The
velocity of the man at that instant can be obtained.

Vi = ()% + 2(a0) a5 — (50)4)
vY = 0 + 2(0.2)(8.944 — 0)
vy = 1.891 m/s
Substitute the above results into Eq. (2) yields

8.944
vy = —————(1.891) = —1.41 m/s = 1.41 m/s] Ans.

\/8.944% + 64

Note: The negative sign indicates that velocity vp is in the opposite direction to that
of positive yg.
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12-215.

The roller at A is moving upward with a velocity of
v, = 3ft/s and has an acceleration of a, = 4 ft/s> when
s, = 4 ft. Determine the velocity and acceleration of block
B at this instant.

SOLUTION
sp+ Vo (54 + 3 =1

s+ 2w+ 3] Cia =0
sp+ [s4 + 9]7%(%@4) =0
6 — [(s0? + 9]} ( ) b [+ 9] () b+ 9]<) _
Atsy = 4ft,5, = 3ft/s, 5, = 4ft/s
Sg + (%)(4)(3) =0
vg = —2.4ft/s = 2.40 ft/s —
3
s (3) @rer+ (Her+ (Hww -0

ag = —3.85 ft/s?> = 3.85 ft/s> —

;77T / /7

Ans.

Ans.
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*12-216.

The girl at C stands near the edge of the pier and pulls in the
rope horizontally at a constant speed of 6 ft/s. Determine
how fast the boat approaches the pier at the instant the
rope length AB is 50 ft.

SOLUTION
The length / of cord is

V(8 + x} + xc =1

Taking the time derivative:

e 21-112 : :

5[(8) +xp]” " 2xpxp + xc =0 @
Xc = 6ft/s

When AB =50 ft,
xp = V(50)2 — (8)% = 49.356 ft

From Eq. (1)
%[(8)2 + (49.356)7] 712 2(49.356)(xp5) + 6 = 0

xp = — 6.0783 = 6.08 ft/s «— Ans.
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12-217.

The crate C is being lifted by moving the roller at A 4m ‘
downward with a constant speed of v, = 2m/s along the ‘
guide. Determine the velocity and acceleration of the crate I\ < < u;
at the instant s = 1 m. When the roller is at B, the crate
rests on the ground. Neglect the size of the pulley in the XA
calculation. Hint: Relate the coordinates x- and x4 using Xc l
the problem geometry, then take the first and second time 4m
derivatives.

SOLUTION B
e+ VA + @R =1 .

. 1 B .
xc + E(xﬁ + 16) 1/z(ZxA)(xA) =0

fe = 206 +16) e () + (6 + 16) (00 % (G + 1617 (1)) = 0

WXR:BM
[ = 8m,and when s = 1 m, g

Xc=3m

Xy =3m

vy =X, =2m/s
ay, =%, =0

Thus,

ve + [(3) + 16172 (3)(2) = 0

ve=-12m/s =12m/s | Ans.
ac—[(3)* + 161732 (3)%(2)> + [(3)* + 16] (2> + 0 =0

ac = —0512m/s? = 0.512m/s? 1 Ans.
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12-218.

The man can row the boat in still water with a speed of
5 m/s. If the river is flowing at 2 m/s, determine the speed
of the boat and the angle 6 he must direct the boat so that it
travels from A to B.

SOLUTION
Solution I

Vector Analysis: Here, the velocity v, of the boat is directed from A to B. Thus,
50

¢ = tan_1<g> = 63.43°. The magnitude of the boat’s velocity relative to the

flowing river is vy, = 5 m/s. Expressing v, v,,, and v;,, in Cartesian vector form,

we have v, = v, cos 63.43i + v, sin 63.43j = 0.4472v,i + 0.8944v,j, v,, = [2i] m/s,

and vy, = 5 cos 6i + 5 sin 6. Applying the relative velocity equation, we have

Vp = Vy, + vb/w
0.4472v;1 + 0.8944v,j = 2i + 5cos 6i + 5sin 0

0.4472v,i1 + 0.8944v,j = (2 + Scos 6)i + 5 sin 6j

Equating the i and j components, we have
0.4472v, =2 + Scos 0 @
0.8944v, = 5sin 6 )
Solving Egs. (1) and (2) yields

v, = 5.56 m/s 0 = 84.4° Ans.

Solution IT

Scalar Analysis: Referring to the velocity diagram shown in Fig. a and applying the
law of cosines,

52 =22 + 0,2 — 2(2)(vp) cos 63.43°

w2 =178, — 21 =0

_ —(-1.789)£ V/(—1.789)* — 4(1)(—21)
%= 21)

Choosing the positive root,

v, = 5.563 m/s = 5.56 m/s Ans.

Using the result of v, and applying the law of sines,

sin (180°—#)  sin 63.43°
5.563 5
0 = 84.4° Ans.
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12-219.

Vertical motion of the load is produced by movement of the
piston at A on the boom. Determine the distance the piston
or pulley at C must move to the left in order to lift the load
2 ft. The cable is attached at B, passes over the pulley at C,
then D, E, F, and again around E, and is attached at G.

SOLUTION

2sc+2sp=1

2 ASC = =2 ASF
ASC = - ASF
Asc = —(—2ft) = 2 ft Ans.

¢
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12-220.

If block B is moving down with a velocity vz and has an
acceleration ag, determine the velocity and acceleration of
block A in terms of the parameters shown.

SOLUTION
I=sp+ Vs +H

1
0= jB + 5(5124 + h2)71/22SA§A

— $p(sy + h*)"?

SA

Vy =S4 =
vy =—vg (1 + (é)z)m Ans.
ar=a = =i+ (22— (3 )+ ()00 - 265075

h\? v ph? h\?
ayu :_113(14‘(*) )1/24‘ %(14‘( ) )71/2 Ans.
SB SA

SA
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12-221.

Collars A and B are connected to the cord that passes over
the small pulley at C. When A is located at D, B is 24 ft to the
left of D.If A moves at a constant speed of 2 ft/s to the right,
determine the speed of B when A is 4 ft to the right of D.

SOLUTION
1=\ (24)* + (10)> + 10 = 36 ft

V(10) + s3+V (102 + 5 = 36

1 1
5(100 + %) 2 (2s5p) + (100 + 3) 2(25454) = 0

. _(sAs'A)(mo + sg)é
b sp /\100 + 54 10Tt

AtSA = 4,

)
v

V(10 + 3V (10)? + (4)2 = 36 5 3
sp = 23163 ft

Thus,

. ( 4(2) )(100 + (23.163)?
8= 723163 100 + 42

1
)2 = — 0.809 ft/s = 0.809 ft/s — Ans.
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12-222.

Two planes, A and B, are flying at the same altitude. If their

velocities are v, = 600 km/h and vz = 500 km/h such that

the angle between their straight-line courses is 6 = 75°, A \
determine the velocity of plane B with respect to plane A. v

SOLUTION ! h
Vg = Va + Vpiu
[500 <] = [600 <%0 ] + v
(&) 500 = —600 cos 75° + (Vg/a)x
(Vg/a)x = 65529 «
(+1) 0= —600sin75° + (vg),

(UB/A)y = 57956 T

(v54) = V(65529)% +(579.56)?

vga = 875 km/h Ans.
579.56
= -1 = °
0 = tan (655.29) 41.5° = Ans.
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12-223.

At the instant shown, cars A and B are traveling at speeds
of 55 mi/h and 40 mi/h, respectively. If B is increasing its
speed by 1200 mi/h%, while A maintains a constant speed,
determine the velocity and acceleration of B with respect
to A. Car B moves along a curve having a radius of curvature
of 0.5 mi.

SOLUTION
vg = —40 cos 30°1 + 40sin 30°% = {—34.64i + 20j} mi/h
vy = {—55i } mi/h

UB/a = VB — Va

(—34.64i + 20j) — (—55i) = {20.36i + 20j} mi/h

vpa = V2036 + 20° = 28.5 mi/h

20
=tan”' S - =445 2
0 = tan 2036 5
vh o 40°
(ap), = ?" = 05 = 3200mi/h®  (ap), = 1200 mi/h’

ag = (3200 cos 60° — 1200 cos 30°)i + (3200 sin 60° + 1200 sin 30°)j
= {560.77i + 3371.28j} mi/h?

a, =0

aAp/q4 = Ap — Ay

= {560.77i + 3371.28j} — 0 = {560.77i + 3371.28j} mi/h?

ag/a = V(560.77)7 + (3371.28)? = 3418 mi/h’

., 3371.28
560.77

0 = tan = 80.6° P

Mech.MuslimEngineer.Net
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12-224.

At the instant shown, car A travels along the straight
portion of the road with a speed of 25 m/s. At this same
instant car B travels along the circular portion of the road
with a speed of 15 m/s. Determine the velocity of car B
relative to car A.

SOLUTION

Velocity: Referring to Fig. a, the velocity of cars A and B expressed in Cartesian
vector form are

V4 = [25cos 30°i — 255sin 30° jl m/s = [21.65i — 12.5j] m/s

vg = [15cos 15°i — 15sin 15° j] m/s = [14.49i — 3.882j] m/s

Applying the relative velocity equation,

Vg =Vy + VB/A -
dg'zmlj &

14.491 — 3.882j = 21.65i — 12.5] + vg/u

Vaa = [~7.162i + 8.618j] m/s

Thus, the magnitude of v/, is given by

vga = V(=7162)7 + 8618 = 11.2m/s Ans.

The direction angle 6, of vz, measured down from the negative x axis, Fig. b is

0, = tan_1<§?%> =503 ¥ Ans. ¢
. Veu ,
B618mfs
By
7./62m)s
®
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12-225.

An aircraft carrier is traveling forward with a velocity of
50 km/h. At the instant shown, the plane at A has just

taken off and has attained a forward horizontal air speed of
200 km/h, measured from still water. If the plane at B is
traveling along the runway of the carrier at 175 km/h in the
direction shown, determine the velocity of A with respect

to B.

SOLUTION

Vg = V¢ + vB/C

v g = 50i + 175 cos 15°1 + 175 sin 15°% = 219.04i + 45.293j

VA =Vgt Vyp

200i = 219.04i + 45.293) + (va/p)d + (Vasp)y J
200 = 219.04 + (v4/p),

0 = 45293 + (va/p),

(Vasp), = —19.04

(/UA/B)y = —45.293

v = V(—19.04) + (—45.293)> = 49.1 km/h

45.293
= L itinkay R ©
6 = tan < 19.04) 67.2°2%

Ans.

Ans.
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12-226.

A car is traveling north along a straight road at 50 km/h.
An instrument in the car indicates that the wind is directed
toward the east. If the car’s speed is 80 km/h, the
instrument indicates that the wind is directed toward the
north-east. Determine the speed and direction of the wind.

SOLUTION

Solution I

Vector Analysis: For the first case, the velocity of the car and the velocity of the wind
relative to the car expressed in Cartesian vector form are v. = [50j] km/h and
vivjc = (vw)c)1 1. Applying the relative velocity equation, we have

V=V, + VYw/e
Y = Soj + (vw/c)li

Yy = (vw/c)li + Soj (1)

For the second case, vc = [80j] km/h and vy c = (Vwc)z cos 45°1 + (v ), sin 45° j.
Applying the relative velocity equation, we have

Vi = Ve T Ve

Vi = 80j + (Vyye)2 €08 45 + (V)2 Sin 45°

Vi = (Vyye)2 cos 45°i + [80 + (Vy)c)2 Sin 45°}j ?2)
Equating Egs. (1) and (2) and then the i and j components,

(/Uw/c)l = (DW/C)Z cos 45° (3)

50 = 80 + (V) sin 45° )

Solving Egs. (3) and (4) yields

(Uw/c)z = —42.43 km/h (vw/c)l = —30km/h

Substituting the result of (v,,); into Eq. (1),
v,, = [=30i + 50j] km/h

Thus, the magnitude of vy is
v, = V(—30)* + 50> = 58.3 km/h Ans.

and the directional angle 6 that vy, makes with the x axis is

6 = tan" ! (%) = 59.0° =~ Ans.
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12-227.

Two boats leave the shore at the same time and travel in the
directions shown. If v, = 20ft/s and vz = 15ft/s, determine
the velocity of boat A with respect to boat B. How long after
leaving the shore will the boats be 800 ft apart?

SOLUTION

Vg = Vp + VA/B
—20sin 30°i + 20 cos 30°%) = 15 cos 45°% + 15sin 45% + vy
vap = {—20.61i + 6.714j} ft/s

v = V(=20.61)7 + (+6.714)% = 21.7 ft/s Ans.
6.714
— tan-! (&4 Z 500 ' eno
6 = tan (20.61) 18.0° =~ Ans
800)% = (201)> + (151)*> — 2(20 1)(15 1) cos 75°
(800) = (201)" + (151) — 2(20 1)(15 1) ;o-g‘w
t =369s Ans.
Also
800 800
t=———=—"=1369 Ans.
UA/B 2168 s ns
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*12-228.

At the instant shown, the bicyclist at A is traveling at 7 m/s
around the curve on the race track while increasing his speed
at 0.5 m/s%. The bicyclist at B is traveling at 8.5 m /s along the
straight-a-way and increasing his speed at 0.7 m/s”. Determine
the relative velocity and relative acceleration of A with respect
to B at this instant.

SOLUTION

V4 = Vp + Vasp

[7 N ] = [85=1 + [(wam)e =] + [(0ar)y V]
(B)  7sind0° = 85 + (vap),

(1) 7cos40° = (va/p),

Thus,

(Va/p)x = 4.00m/s <

(vap)y = 536 m/s |

(vap) = V(#00)? + (5.36)"

'UA/B = 6.69 m/S

5.36
6 = tan ! (m) =533° ¥

72
(ap), = 50 = 0:980 m/s?
a, = apg + aA/B

[0.980] % + [0.5]]N

oo T [0.7=]1+ [(aap)s =1 + [(a4/p)y I]

(+—) —0.980cos40° + 0.5sin40° = 0.7 + (a/p)«
(an/p)y = 1.129 m/s* «
(+1)  0.980sin40° + 0.5 cos 40° = (a,/p),

(a/p), = 1.013m/s? |

(a5) = V(1.129 + (1.013)?

aqp =152 m/s?

1.013
6 = tan"! (@) =419 ¥

oMl alaiyl - dyilSall dial
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12-229.

Cars A and B are traveling around the circular race track.
At the instant shown, A has a speed of 90 ft/s and is
increasing its speed at the rate of 15 ft/s?, whereas B has a
speed of 105 ft/s and is decreasing its speed at 25 ft/s.
Determine the relative velocity and relative acceleration of
car A with respect to car B at this instant.

SOLUTION
Vq = Vp + VA/B
—90i = —105 sin 30°i + 105 cos30°% + vu/p

vas = {—37.5i — 90.93j} ft/s

vas = V(=375)% + (—90.93)> = 98.4 ft/s Ans.
90.93
= 71 — = °
6 = tan (37.5 ) 67.6° > Ans.

ay = ap + aA/B

(90)?
—15i = - = 25 cos 60% — 25 sin 60°j — 44.1sin 60%i — 44.1 cos 60° + as/p

ayp = {10.69 + 16.70j) ft/s>

axp = V(10.69) + (16.70)* = 19.8 ft/s> Ans.
16.70
= _1 — = N
0 = tan (10.69) 57.4° <1 Ans.
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12-230.

The two cyclists A and B travel at the same constant speed v.
Determine the speed of A with respect to B if A travels along
the circular track, while B travels along the diameter of

the circle.

SOLUTION
vy =osinfi + vcoshj vz =i
Va/B = Va — VB
= (vsin 0i + v cos ) — vi

= (vsin @ — v)i + v cos 6

Vap = V(vsin @ — v)? + (v cos 0)>
= V2v? — 2v’sin 6

= vV2(1l — sin 9)

Ans.
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12-231.

At the instant shown, cars A and B travel at speeds of
70 mi/h and 50 mi/h, respectively. If B is increasing its
speed by 1100 mi/h?, while A maintains a constant speed,
determine the velocity and acceleration of B with respect to

A.Car B moves along a curve having a radius of curvature of
0.7 mi. — 70mi ﬁI

va = 70mi/h- | v = 50 mi/h
SOLUTION 30°

Relative Velocity:

Vp = Vy + VB/A

50 sin 30° + 50 cos 30°% = 70j + vp/4
vp/a = {25.0i — 26.70j} mi/h
Thus, the magnitude of the relative velocity vy, is

vp/a = V25.0° + (=26.70)* = 36.6 mi/h Auns.

The direction of the relative velocity is the same as the direction of that for relative
acceleration. Thus

26.70
— -1 — o
0 = tan 5.0 46.9° X Ans.
Relative Acceleration: Since car B is traveling along a curve, its normal
2 2
50
acceleration is (ag), = L 07" 3571.43 mi/h2. Applying Eq. 12-35 gives
p .

ag = Ay + aB/A
(1100 sin 30° + 3571.43 cos 30°)i + (1100 cos 30° — 3571.43 sin 30°)j = 0 + ag/,
ap 4 = {3642.95i — 833.09j} mi/h’

Thus, the magnitude of the relative velocity ag/, is

aga = V3642.95% + (—833.09)> = 3737 mi/h’ Ans.

And its direction is
_, 833.09
3642.95

¢ = tan =129°X Ans.
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12-232.

At the instant shown, cars A and B travel at speeds of 70 mi/h
and 50 mi/h, respectively. If B is decreasing its speed at
1400 mi/h? while A is increasing its speed at 800 mi/h?,
determine the acceleration of B with respect to A. Car B
moves along a curve having a radius of curvature of 0.7 mi. fI g

va = 70mi/h- v = 50 mi/h

SOLUTION 30°
Relative Acceleration: Since car B is traveling along a curve, its normal acceleration
2 2
v 50
is (ap), = — = 07 = 357143 mi/h%. Applying Eq. 12-35 gives
p E

aAp — Ay + aB/A
(3571.43 cos 30° — 1400 sin 30°)i + (—1400 cos 30° — 3571.43 sin 30°)j = 800j + a4

aga = (2392.95i — 3798.15j) mi/h>

Thus, the magnitude of the relative acc. ag/, is

ag/a = 1/2392.952 + (—3798.15)% = 4489 mi/h? Ans.

And its direction is

379815

¢ = tan 239205 57.8°% Ans.
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12-233.

A passenger in an automobile observes that raindrops make
an angle of 30° with the horizontal as the auto travels

forward with a speed of 60 km/h. Compute the terminal Vrl
(constant)velocity v, of the rain if it is assumed to fall 2 T 60 km/hy
vertically.

SOLUTION
CRERE S
—v,j = —60i + v,, cos 30°i — v, sin 30°
(5) 0 = —60 + v,/, cos 30°
=M =, = 0 — v,, sin 30°
Uy = 69.3 km/h

v, = 34.6 km/h Ans.
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12-234.

A man can swim at 4 ft/s in still water. He wishes to cross
the 40-ft-wide river to point B, 30 ft downstream. If the river
flows with a velocity of 2 ft/s, determine the speed of the
man and the time needed to make the crossing. Note: While
in the water he must not direct himself toward point B to
reach this point. Why?

SOLUTION
Relative Velocity:

Uy = U+ Uy

3 4
gvmi + gvmj = 2i + 4sin 6i + 4 cos 6j

Equating the i and j components, we have

3

gvm=2+4sin0 @
4
SOm = 4 cos 0 )

Solving Egs. (1) and (2) yields
0 = 13.29°

v, = 4.866 ft/s = 4.87 ft/s Ans.

Thus, the time ¢ required by the boat to travel from points A to B is

_sap V40 + 307

vb 1366 =103s Ans.

t

In order for the man to reached point B, the man has to direct himself at an angle
0 = 13.3° with y axis.
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12-235.

The ship travels at a constant speed of v; = 20 m/s and the
wind is blowing at a speed of v, = 10 m/s, as shown.
Determine the magnitude and direction of the horizontal
component of velocity of the smoke coming from the smoke
stack as it appears to a passenger on the ship.

SOLUTION

Solution I

Vector Analysis: The velocity of the smoke as observed from the ship is equal to the
velocity of the wind relative to the ship. Here, the velocity of the ship and wind
expressed in Cartesian vector form are vy = [20 cos 45°i + 20 sin 45° j| m/s
= [14.14i + 14.14j] m/s and v,, = [10 cos 30°i — 10 sin 30° j]= [8.660i — 5j] m/s.
Applying the relative velocity equation,

V,, = Vg + Vi/s
8.660i — 5j = 14.14i + 14.14j + v,
Viss = [—5.482i — 19.14j] m/s

Thus, the magnitude of v, is given by

v, = V(=5482)2 + (—19.14)2 = 19.9m/s Ans.

and the direction angle 6 that v,,, makes with the x axis is

19.14
0= tan_l<m> =74.0° > Ans.

Solution IT

Scalar Analysis: Applying the law of cosines by referring to the velocity diagram
shown in Fig. a,

Vs = V207 + 107 = 2(20)(10) cos 75°
=1991m/s = 199 m/s Ans.

Using the result of v, and applying the law of sines,

sing  sin 75° o
10 1991 ¢ = 2902

Thus,

0 =45°+ ¢ =74.0° & Ans.
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*12-236.

Car A travels along a straight road at a speed of 25 m/s
while accelerating at 1.5 m/s%. At this same instant car C is
traveling along the straight road with a speed of 30 m/s
while decelerating at 3 m/s’. Determine the velocity and
acceleration of car A relative to car C.

SOLUTION

Velocity: The velocity of cars A and C expressed in Cartesian vector form are
v4 = [—25 cos 45° — 25 sin 45°%] m/s = [—17.68i — 17.68j] m/s
ve = [—30§] m/s

Applying the relative velocity equation, we have
VAo = Vot Vyrc
—17.68i — 17.68j = —30j + v,,c
vac = [—17.68i + 12.32j] m/s

Thus, the magnitude of v, ¢ is given by

vae = V(-17.68) + 12.32> = 21.5m/s Ans.

and the direction angle 6, that v, makes with the x axis is

12.32
0, = tan‘(%) = 34.9° % Ans.

Acceleration: The acceleration of cars A and C expressed in Cartesian vector form are
a, = [~1.5cos 45°i — 1.5sin 45%] m/s> = [~1.061i — 1.061j] m/s>
ac = [3j] m/s’

Applying the relative acceleration equation,

ay =ac + aA/C
~1.061i — 1.061j = 3j + a,c

a,c = [~1.061i — 4.061j] m/s

Thus, the magnitude of a, ¢ is given by

aye = V(-1.061) + (—4.061)? = 4.20 m/s> Ans.

and the direction angle 6, that a,, makes with the x axis is

4.061
0, = tan_1<m> =754°27 Ans.
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12-237.

Car B is traveling along the curved road with a speed of
15 m/s while decreasing its speed at 2 m/s>. At this same
instant car C is traveling along the straight road with a
speed of 30 m/s while decelerating at 3 m/s>. Determine the
velocity and acceleration of car B relative to car C.

SOLUTION

Velocity: The velocity of cars B and C expressed in Cartesian vector form are
vg = [15cos 60°i — 15sin 60° j] m/s = [7.51 — 12.99j] m/s
ve = [-30j] m/s
Applying the relative velocity equation,
Vg = Ve + VB/C
7.51 — 12.99j = =30j + vg,c
vgic = [7.51 + 17.01j] m/s

Thus, the magnitude of v/ is given by

vgc = V1.5 +17.017 = 18.6 m/s Ans.

and the direction angle 6, that vz, makes with the x axis is
17.01
0, = tan’l<?) = 606.2° A Ans.

. . . Up
Acceleration: The normal component of car B’s acceleration is (ag), = ——
p

15*
=100 = 2.25m/s?. Thus, the tangential and normal components of car B’s

acceleration and the acceleration of car C expressed in Cartesian vector form are
(ag), = [-2cos 60°i + 2sin 60°%] = [—1i + 1.732j] m/s?
(ag), = [2.25 cos 30° i + 2.25sin 30° j] = [1.9486i + 1.125j] m/s>
ac = [3] m/s?
Applying the relative acceleration equation,
ag = ac + ag;c
(=1 + 1.732j) + (1.9486i + 1.125j) = 3j + ag;c

agc = [0.9486i — 0.1429§] m/s’

Thus, the magnitude of ag/¢ is given by

agc = 10.94862 + (—0.1429)% = 0.959 m/s> Ans.

and the direction angle 6, that ag,- makes with the x axis is

_4(0.1429 .
0, = tan 1<0.9486> =857 X Ans.
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12-238.

At a given instant the football player at A throws a football C
with a velocity of 20 m/s in the direction shown. Determine
the constant speed at which the player at B must run so that
he can catch the football at the same elevation at which it was
thrown. Also calculate the relative velocity and relative
acceleration of the football with respect to B at the instant the
catch is made. Player B is 15 m away from A when A starts to
throw the football.

SOLUTION
Ball:
(B)s=sy+ vyt
sc = 0 + 20 cos 60° ¢
+1  v=v+ adt
—20sin 60° = 20 sin 60° — 9.81 ¢
t =353s

sc = 3531 m

Player B:

() sp= s+ vyt
Require,

35.31 = 15 + v5(3.53)

vg = 5.75m/s Ans.

At the time of the catch
(ve)x = 20 cos 60° = 10 m/s —
(v¢), = 20sin 60° = 17.32m/s |
Vc = Vgt Veup
10i — 17.32j = 5.751i + (v¢/p)ci + (veyB)yi
(B) 10 =575+ (vep),
(+1)  —=17.32 = (v¢/m)y
(ve/p)y = 425 m/s —

(vesp)y = 17.32m/s |

vep = V(425)% + (17.32)* = 17.8 m/s Ans.
17.32

= L (i 2° Ans.

6 = tan (4'25) 76 ~ ns

ac = ap + ac/B
~9.81j =0+ ac

acp = 9.81 m/s?} Ans.
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12-239.

Both boats A and B leave the shore at O at the same time. If
A travels at v, and B travels at wvp, write a general
expression to determine the velocity of A with respect to B.

SOLUTION

Relative Velocity:

Vg = Vp + VA/B
Vuj = vpsinbi + vgcosbj + v
Vap = —vgsinbi + (v4 — vpcos O)j

Thus, the magnitude of the relative velocity vz is

Vap = V(=g sin 0) + (v4 — vp cos 6)2

= Vo3 + vk — 2v,vgcos 0 Auns.
And its direction is
_yf va — vpcosb
f=tan | —— | ™ Ans.
Vg sin 6
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13-1.

The 6-1b particle is subjected to the action of
its weight and forces F; = {2i + 6j — 2tk} b, F, =
{i — 4tj — 1k} Ib, and F3 = {—2¢i} Ib, where ¢ is in
seconds. Determine the distance the ball is from the origin
2 s after being released from rest.

SOLUTION

SF = ma; (21 + 6j — 20k) + (A — 41§ — 1K) — 21 — 6k = <

Equating components:

6 . .
)(axl +a,j+ ak)

6 , 6 6
ey =222 (o ay= 4+ 6 (s a= -2t — 7
(32.2)“" ! <32.2>”y (32.2)”2 !

Since dv = a dt,integrating from v = 0,¢ = 0, yields

6 £, 6 6
=5 -Ff+2 (sl =-22+60 | lu.=-1-Tt
(32.2)”" 3 (32.2>”y <32.2>”Z

Since ds = v dt,integrating from s = 0,¢ = 0 yields

6\ e s (6 2 s (6
22/ 1273 322)% 3 322)%

When t = 2s then, s, = 14.31 ft, s, = 35.78 ft s, = —89.44 ft

Thus,

s = V(14.31)2 + (35.78)% + (—89.44)2 = 97.4 ft

Ans.
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13-2.

The 10-1b block has an initial velocity of 10 ft/s on the v=10ft/s
smooth plane. If a force F = (2.5t) Ib, where ¢ is in seconds, E——
acts on the block for 3 s, determine the final velocity of the F=(2.501b
block and the distance the block travels during this time.
B I TR FRE T
SOLUTION
10
5 2F, = ma 2.5t = <m>a
a = 8.05¢
dv = adt
v t
/ dv = /8.05t dt
10 0
v = 4.0257 + 10
Whent = 35, io b
v = 462 ft/s Ans. =25t _ | 4=
ds = vdt
N

t
/ (4.025¢2 + 10) dt
0

N’
&
A

I

s = 134177 + 10¢

Whent = 3,

s = 662 ft

Ans.
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13-3.

If the coefficient of kinetic friction between the 50-kg crate
and the ground is p; = 0.3, determine the distance the
crate travels and its velocity when ¢ = 3 s. The crate starts
from rest,and P = 200 N.

SOLUTION

N s

Free-Body Diagram: The kinetic friction Fy = u,N is directed to the left to oppose %

the motion of the crate which is to the right, Fig. a.

Equations of Motion: Here, a, = 0.Thus,
+T2Fy =0, N —50(9.81) + 200sin30° = 0
N =390.5N
& SF, = ma,; 200cos30° — 0.3(390.5) = 50a
a = 1.121 m/s?
Kinematics: Since the acceleration a of the crate is constant,

(—'t>) V=) t+ adt

v =0+ 1.121(3) = 3.36 m/s

and

L,
s=s0+v0t+§act

s=0+0+%@un@ﬂ=5Mm

W

Ans.

Ans.
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*13-4.

If the 50-kg crate starts from rest and achieves a velocity of
v = 4m/s when it travels a distance of 5 m to the right,
determine the magnitude of force P acting on the crate.
The coefficient of kinetic friction between the crate and the
ground is p;, = 0.3.

SOLUTION

Kinematics: The acceleration a of the crate will be determined first since its motion
is known.

(5) v* = vy® + 2a,(s — s0)

42

02 + 2a(5 — 0)
a =160m/s* —

Free-Body Diagram: Here, the kinetic friction Fy = uxN = 0.3N is required to be
directed to the left to oppose the motion of the crate which is to the right, Fig. a.

Equations of Motion:

+12F, = ma N + Psin30° — 50(9.81) = 50(0)

1
N = 4905 — 0.5P

Using the results of N and a,

B SF, = ma,; P cos30° — 0.3(490.5 — 0.5P) = 50(1.60)

P =224N Ans.
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13-5.

The water-park ride consists of an 800-1b sled which slides
from rest down the incline and then into the pool. If the
frictional resistance on the incline is F, = 301b, and in
the pool for a short distance F, = 801b, determine how
fast the sled is traveling when s = 5 ft.

100 ft
SOLUTION
800
+ VS FE = ma;  800sin 45° — 30 = —,
> F, = ma, sin 22" l i l _— |
a = 21.561 ft/s?
v = v + 2a.(s — 5p) 800 Ib
¥ =0 + 2(21.561)(100\/2 — 0)) wﬁ%%imm
v = = 78.093 ft/s N
800
& SF, = may; —80 = "a 800 1b
a = 3221t/ mmm

v5 = v + 2a,(s, — 51)
% = (78.093)% + 2(—3.22)(5 — 0)

v, = 779 ft/s Ans.
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13-6.

If P = 400 N and the coefficient of kinetic friction between
the 50-kg crate and the inclined plane is w, = 0.25,
determine the velocity of the crate after it travels 6 m up the
plane. The crate starts from rest.

SOLUTION

Free-Body Diagram: Here, the kinetic friction Fy = w,N = 0.25N is required to be
directed down the plane to oppose the motion of the crate which is assumed to be
directed up the plane. The acceleration a of the crate is also assumed to be directed
up the plane, Fig. a.

Equations of Motion: Here, a,, = 0.Thus,

2F, = may; N + 400sin 30° — 50(9.81) cos 30° = 50(0)
N = 22479 N
Using the result of N,
2Fy = may; 400 cos 30° — 50(9.81) sin 30° — 0.25(224.79) = 50a

a = 0.8993 m/s?

Kinematics: Since the acceleration a of the crate is constant,

> = vy% + 2a.(s — sp)

v =0 + 2(0.8993)(6 — 0)

v =329m/s Ans.

Y a
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13-7.

If the 50-kg crate starts from rest and travels a distance of 6 m
up the plane in 4 s, determine the magnitude of force P acting
on the crate. The coefficient of kinetic friction between the
crate and the ground is w;, = 0.25.

SOLUTION

Kinematics: Here, the acceleration a of the crate will be determined first since its
motion is known.

L 5
s=s0+vot+5act

1
6:O+0+5a(42)
a = 0.75 m/s’

Free-Body Diagram: Here, the kinetic friction Fy = wN = 0.25N is required to be
directed down the plane to oppose the motion of the crate which is directed up the
plane, Fig. a.

Equations of Motion: Here, a,, = 0.Thus,

2F, = ma,;

i N + Psin30° — 50(9.81) cos 30° = 50(0)

N = 42479 — 0.5P
Using the results of N and a,
2F, = may; P cos30° — 0.25(424.79 — 0.5P) — 50(9.81) sin 30° = 50(0.75)

P =392N Ans.
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*13-8.

The speed of the 3500-1b sports car is plotted over the 30-s e T
time period. Plot the variation of the traction force F needed (Es) i) )
to cause the motion. ‘F_
80
60
SOLUTION
. , 60 . . dv
Kinematics: For 0 =t < 10s. v = Et = {6t} ft/s. Applying equation a = o
we have !
d
=% _ 6y
dt 1(s)
10 30
- 60 80— 60
For 10 < t = 30s, v = , v ={t + 50} ft/s. Applying equation
t—10 30 — 10
_dv we have
a = — .
d[ s v (fb’b)
d
a=% =1 ft/s?
dt 80 [ =
Equation of Motion: 60 7 -
For0 =t <10s f
3500
& F, =ma,; F=|>7]6)=6521b Ans.
322
- t(s)
For10 < ¢ =30s 10 30
3500
& F, =ma,; F= (322>(1) =109 1b Ans. F (i)
’ 652 1
109 +
+ - r(s)
10 30
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13-9.

The crate has a mass of 80 kg and is being towed by a chain
which is always directed at 20° from the horizontal as
shown. If the magnitude of P is increased until the crate
begins to slide, determine the crate’s initial acceleration if
the coefficient of static friction is u,=0.5 and the
coefficient of kinetic friction is w; =0.3.

SOLUTION

Equations of Equilibrium: 1f the crate is on the verge of slipping, 'y = u; N = 0.5N.
From FBD(a),

+13F, =0, N + Psin20° — 80(9.81) = 0 )
BIF, =0; P cos20° — 05N =0 ?)
Solving Eqgs.(1) and (2) yields

P =35329N N = 663.97 N

Equations of Motion: The friction force developed between the crate and its
contacting surface is 'y = uN = 0.3N since the crate is moving. From FBD(b),

+13F, = ma,; N — 80(9.81) + 353.29 sin 20° = 80(0)
N = 663.97 N
- 2F, = ma,; 353.29 cos 20° — 0.3(663.97) = 80a

a = 1.66 m/s? Ans.
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13-10.

The crate has a mass of 80 kg and is being towed by a chain
which is always directed at 20° from the horizontal as
shown. Determine the crate’s acceleration in ¢t = 2 s if the
coefficient of static friction is u,=0.4, the coefficient of
kinetic friction is u,=0.3, and the towing force is
P = (90r%) N, where ¢ is in seconds.

SOLUTION
Equations of Equilibrium: Att = 2s,P = 90(22) = 360 N. From FBD(a)
+13F, =0, N +360sin20° — 80(9.81) =0 N = 661.67N

B IF, =0 360 cos20° — F; =0 Fy=33829N
Since F > (Fp)max = s N = 0.4(661.67) = 264.67 N, the crate accelerates.

Equations of Motion: The friction force developed between the crate and its
contacting surface is 'y = u N = 0.3N since the crate is moving. From FBD(b),

+12F, = ma,; N — 80(9.81) + 360 sin 20° = 80(0)
N = 661.67N
BIF, =ma,; 360 cos20° — 0.3(661.67) = 80a

a=175m/s? Ans.

20°

8o(28)N

P
al

)

80(9.8)N

a
—
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13-11.

The safe S has a weight of 200 Ib and is supported by the
rope and pulley arrangement shown. If the end of the rope
is given to a boy B of weight 90 Ib, determine his
acceleration if in the confusion he doesn’t let go of the rope.
Neglect the mass of the pulleys and rope.

SOLUTION

Equation of Motion: The tension T developed in the cord is the same throughout
the entire cord since the cord passes over the smooth pulleys.

From FBD(a),
T
'SE = ma; 790 = —( — 1 ol
+ 1 = may; — —_EHB ()]
From FBD(b), 1 2
200

+13F, = may; 2T — 200 = —(@)as () _

(a;
Kinematic: Establish the position-coordinate equation, we have

T, .27

ZSS +SB =1

Taking time derivative twice yields 2000
(+1) 2a5+ ag =0 3) a
Solving Egs.(1),(2), and (3) yields

b

ag = —2.30 ft/s*> = 2.30 ft/s> 1 Ans.

ag=115ft/s> | T =96.431b
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*13-12.

The boy having a weight of 80 1b hangs uniformly from the
bar. Determine the force in each of his arms in ¢ = 2 s if the
bar is moving upward with (a) a constant velocity of 3 ft/s,
and (b) a speed of v = (4¢?) ft/s, where ¢ is in seconds.

SOLUTION
(a) T =401b
(b) v = 4

a =8t

80
+1>F, =ma,; 2T —80 = 3, &)

Att = 2s.

T=5991b

Mech.MuslimEngineer.Net
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13-13.

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 = Fysin (7t/ty) 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.

SOLUTION

5 SF, = ma,; Fysin <1> = ma
i~ () (3)
a=—=|(—]sin| —
d[ m [0
) t
F Fy, t
/ dv = / <j) sin <1t> dt v = 7<ﬂ) cos <ﬂ)}
0 0 m [0 mTm to 0
()= (7))
v=|— |l 1-cos|—
mTm to

A _
v, Occurs when cos E = —1l,ort = .

Umax =
m™m
s t Ft
[ [z
0 0 mTm to
(== ()]
s=|—J|t——sm|—
mwm v 1y 0
(o lle=2 (%)
Ss=\|— t——sm|—
m™m o )

Fy

Ans.

Ans.

Ans.
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13-14.

The 2-Mg truck is traveling at 15 m/s when the brakes on all its
wheels are applied, causing it to skid for a distance of 10 m
before coming to rest. Determine the constant horizontal force

developed in the coupling C, and the frictional force
developed between the tires of the truck and the road during
this time. The total mass of the boat and trailer is 1 Mg.

SOLUTION

Kinematics: Since the motion of the truck and trailer is known, their common
acceleration a will be determined first.

<i>) V¥ =2 + 2a.(s — s0)

0 0)

152 + 2a(10

—11.25m/s* = 11.25 m/s* <

a

Free-Body Diagram:The free-body diagram of the truck and trailer are shown in
Figs. (a) and (b), respectively. Here, F representes the frictional force developed
when the truck skids, while the force developed in coupling C is represented by T.

Equations of Motion:Using the result of a and referrning to Fig. (a),
B SF, = ma,; ~T = 1000(—11.25)
T =11250N = 11.25kN Ans.
Using the results of a and T and referring to Fig. (b),
+12F, = ma,; 11250 — F = 2000(—11.25)

F =33750N = 33.75kN Ans.

Mech.MuslimEngineer.Net
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13-15.

A freight elevator, including its load, has a mass of 500 kg. It
is prevented from rotating by the track and wheels mounted
along its sides. When ¢ = 2 s, the motor M draws in the cable
with a speed of 6 m/s, measured relative to the elevator. If it
starts from rest, determine the constant acceleration of the
elevator and the tension in the cable. Neglect the mass of

the pulleys, motor, and cables.

SOLUTION
3sp +sp=1
3'[)E = —Vp

("‘l) Vp = Vg + vP/E

_3UE = Vg + 6
6
vp =, =15 m/s = 1.5m/s |

<+T> V=1 + act

1.5 0+ ag (2)

ag = 0.75m/s> |

+12F, = ma 4T — 500(9.81) = 500(0.75)

ys

T =1320N = 1.32 kN

oMl alaiyl - dyilSall dial
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*13-16.

The man pushes on the 60-1b crate with a force F. The force

is always directed down at 30° from the horizontal as F
shown, and its magnitude is increased until the crate begins =t
to slide. Determine the crate’s initial acceleration if the 307 1

coefficient of static friction is u, = 0.6 and the coefficient of > /é
kinetic friction is w;, = 0.3. — :

SOLUTION
Force to produce motion:
6olb

B IF,=0;  Fcos30° — 0.6N = 0 F

+12F,=0; N —60— Fsin30° =0

N =91.801b F = 63.601b

Since N = 91.80 1b, X

BYF, = ma,;  63.60cos30° — 0.3(91.80) = <ﬂ)a

g,=o.(oz\l

322
a = 14.8 /s Ans.
=63.60 Ib
F e0lb g
50 .

| C5 =0:3(9/801b)

N=9/-801b
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13-17.

The double inclined plane supports two blocks A and B,
each having a weight of 10 Ib. If the coefficient of kinetic
friction between the blocks and the plane is w; = 0.1,
determine the acceleration of each block.

SOLUTION
Equation of Motion: Since blocks A and B are sliding along the plane, the friction r
forces developed between the blocks and the plane are (Fp)q = ue Ny = 0.1 Ny a 101b
and (Fy)p = e Ngp = 0.1Np. Here, ay = ag = a. Applying Eq. 13-7 to FBD(a), /
we have 60
10 Fra=0.LN,
N+ EFyr = may; N4 — 10 cos 60° = 22 0) N, =5.00Ib
. N,
10 .
7+ D Fy = may; T + 0.1(5.00) — 10 sin 60° = —(3272) a (6)) @
From FBD(b),
T 101b
— o (10 _ 30°
J+ EFyr—mayr, Np — 10 cos 30° = 22 (0) Np=8.660Ib \a\
. 10
N+ D Fy=may; T — 0.1(8.660) — 10sin30° = | ==~ |a ?2)
322 Frp=0.1Np
Ny
Solving Egs. (1) and (2) yields (b
a = 3.69 ft/s? Ans.

T =7.0131b

oMl alaiyl - dyilSall dial



13-18.

A 40-1b suitcase slides from rest 20 ft 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?

SOLUTION

e 40
+N2F =may; 40 sin 30 =@a

a =16.1ft/s?
(N = %+ 2als — so);
0% = 0 + 2(16.1)(20)
vp = 2538 ft/s
(N v = +a.t;
2538 =0 + 16.1t4p
tap = 1.576's
(B)se = (590 + (ot
R =0 + 25.38 cos 30°(¢¢)

1
(+1) sy = (sy)o + (v)pt + Eaclz
1
4 =0 + 25.385sin 30° tgc + 5(32.2)(th)2
ZB‘C = 0.2413 s

R =530f1t

Total time = t45 + 135 = 1.82s

Z

Ans.

Ans.

Mech.MuslimEngineer.Net



13-19.

Solve Prob. 13-18 if the suitcase has an initial velocity down
the ramp of v, = 10ft/s and the coefficient of kinetic

friction along AB is u;, = 0.2.

SOLUTION

+N\EF, = ma,; 40sin 30° — 6.928 = ;;702&
a = 10.52 ft/s’

(F\) 22 = v + 2 a.(s — 50);

vy = (10)% + 2(10.52)(20)

vg = 22.82 ft/s

(tN)v =y + a.t;

22.82 =10 + 10.52 145

tap = 1.219s

() 5= (sdo + (0ot

R =0 + 22.82¢cos 30° (1)

(+l) sy =(sy)0 + (vy)ot + %ac 12

4 =0+ 22.825sin30° tzc + %(32.2)(%)2

tpe = 0.2572's

R =5.08ft

Total time = t45 + tpc = 1.48s

oMl alaiyl - dyilSall dial

Ans.

Ans.

4olb
30°

22N =4q284

N =34 )i,
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*13-20.

The 400-kg mine car is hoisted up the incline using the cable
and motor M. For a short time, the force in the cable is
F = (3200¢*) N, where ¢ is in seconds. If the car has an
initial velocity v; = 2m/s when ¢ = 0, determine its
velocity whent = 2s.

SOLUTION
J+32F, = may;  3200F — 400(9.81)(%) =400a a =87 — 4.616
4oo(q,8l)
dv = adt 7
v 2 ls- %’fzaofl
/ dv = / (82-4.616) dr X
2 0 N

v =141m/s Ans.

Mech.MuslimEngineer.Net



13-21.

The 400-kg mine car is hoisted up the incline using the cable
and motor M. For a short time, the force in the cable is
F = (3200¢%) N, where ¢ is in seconds. If the car has an
initial velocity v; = 2 m/sats = 0 and ¢t = 0, determine the
distance it moves up the plane when ¢t = 2s.

SOLUTION

8
/+3F, = may; 32007 —400(9.81)(—) =400a a =8 —4.616

17
dv = adt
v t
/ dv = /(&2 —4.616) dt
2 0
v = % = 2.667F —4.616¢ + 2

s 2
/ ds = / (2.66783 — 4.616t + 2) dt
0 0

s =543 m

400(9.21)

g
s N7 3z00t%

Ans.

oMl alaiyl - dyilSall dial



13-22.

Determine the required mass of block A so that when it is
released from rest it moves the 5-kg block B a distance of
0.75 m up along the smooth inclined plane in ¢ = 2s.
Neglect the mass of the pulleys and cords.

SOLUTION

. . 1
Kinematic: Applying equation s = sy + vot + 5 de t?, we have

1
(\H) 075 =0+0+ap (22)  ap=0375m/s’

Establishing the position - coordinate equation, we have
254 + (s4 —sp) =1 3s4 —sg =1
Taking time derivative twice yields
3a, —ag =0 ()]
From Eq.(1),
3a, —0375=0 a, = 0.125m/s?

Equation of Motion: The tension T developed in the cord is the same throughout
the entire cord since the cord passes over the smooth pulleys. From FBD(b),

N+2F, = may; T — 5(9.81) sin 60° = 5(0.375)
T =4435N
9-31my
From FBD(a), (@)
+13F, = ma,;  3(44.35) — 9.81m, = m4(—0.125)
my = 13.7kg Ans.
£(9E0N
€0’
Ng \ag
)

Mech.MuslimEngineer.Net



13-23.

The winding drum D is drawing in the cable at an
accelerated rate of 5 m/s?. Determine the cable tension if
the suspended crate has a mass of 800 kg.

SOLUTION
sq+2sp=1
| =
ay = —2613 Hyé
5=-2 —
= ag

ap = —25m/s* = 2.5m/s* ]
+13E = ma,; 2T — 800(9.81) = 800(2.5)

T = 4924 N = 492 kN Ans.

g00(2.81)

oMl alaiyl - dyilSall dial



*13-24.

If the motor draws in the cable at a rate of v = (0.055%2) m/s, S—
where s is in meters, determine the tension developed in the
cable when s = 10 m. The crate has a mass of 20 kg, and the
coefficient of kinetic friction between the crate and the ground
is M = 0.2.

SOLUTION

Kinematics: Since the motion of the create is known, its acceleration a will be
determined first.

dv _ 312 { (i) 1/2} - 2 m/s2
a=v = (0.055%2)| (0.05) 5 )57 | = 0.003755 m/s

When s = 10 m,
a = 0.00375(10%) = 0.375 m/s* —

Free-Body Diagram: The kinetic friction F; = wN = 0.2N must act to the left to
oppose the motion of the crate which is to the right, Fig. a.

Equations of Motion: Here, a, = 0.Thus,

+13F, = ma N — 20(9.81) = 20(0)

y;
N = 1962 N

Using the results of N and a,

B SF, = ma,; T — 0.2(196.2) = 20(0.375)

T = 467N Ans.

a=037smpt | I T

Mech.MuslimEngineer.Net



13-25.

If the motor draws in the cable at a rate of v = (0.05¢%) m/s, S
where ¢ is in seconds, determine the tension developed in the
cable when ¢ = 5. The crate has a mass of 20 kg and the
coefficient of kinetic friction between the crate and the ground
is M = 0.2.

SOLUTION

Kinematics: Since the motion of the crate is known, its acceleration a will be
determined first.

a= % = 0.05(2t) = (0.1r) m/s?

Whent = 5,
a=01(5) = 0.5m/s>*—

Free-Body Diagram: The kinetic friction F; = wN = 0.2N must act to the left to
oppose the motion of the crate which is to the right, Fig. a.

Equations of Motion: Here, a, = 0.Thus,

+12F, = ma N —20(9.81) = 0

y;
N = 1962 N

Using the results of N and a,

B SF, = may; T — 02(196.2) = 20(0.5)

T =492 N Ans.

450_51,4/5:; R0(981)N

p—>T
I §¢‘=0,2,N’
N

(e

oMl alaiyl - dyilSall dial



13-26.

The 2-kg shaft CA passes through a smooth journal bearing
at B. Initially, the springs, which are coiled loosely around
the shaft, are unstretched when no force is applied to the
shaft. In this position s = s’ = 250 mm and the shaft is at
rest. If a horizontal force of F = 5 kN is applied, determine
the speed of the shaft at the instant s = 50 mm,
s' = 450 mm. The ends of the springs are attached to the
bearing at B and the caps at C and A.

SOLUTION

Fcp = kepx = 3000x F g = k px = 2000x

& SF, = ma,; 5000 — 3000x — 2000x = 2a
2500 — 2500x = a

adx — vdv

0.2 v
(2500 — 2500x) dx = / vdv
0

2500(0.2)2> P

2500(0.2) — ( 5 5

v =30m/s

kcg = 3kN/m kap =2 kN/m

N

Ans.

F=5000N

T T
( (

Fz=3000x. fig=2000X

Mech.MuslimEngineer.Net



13-27.

The 30-1b crate is being hoisted upward with a constant
acceleration of 6 ft/s”. If the uniform beam AB has a weight
of 200 Ib, determine the components of reaction at the fixed
support A. Neglect the size and mass of the pulley at B.
Hint: First find the tension in the cable, then analyze the
forces in the beam using statics.

SOLUTION

Crate:

+1SF,=ma,; T -30= (%)(6) T =35591b
Beam:

BIF =0, -A,+3559=0 A, =356lb

C+1=F,=0; A, —200-3559=0 A, =236Ib

+SM, =0, M, —20025) — (35.59)(5) =0 M, = 6781b-ft

5 ft |

oMl alaiyl - dyilSall dial

T6ft/sz
Ans.
AT
Ans.
Ans.
/ 301b
a=6ff/s‘
200 b
Aoy
Ax 4 4 T=3559Ib
<« " ; —_p—
M Zoh ’|‘ 25ft &
T=3559 b



*13-28.

The driver attempts to tow the crate using a rope that has a
tensile strength of 200 Ib. If the crate is originally at rest and
has a weight of 500 1b, determine the greatest acceleration it
can have if the coefficient of static friction between the
crate and the road is u, = 0.4, and the coefficient of kinetic

friction is w;, = 0.3.

SOLUTION

Equilibrium: In order to slide the crate, the towing force must overcome static s00lb

friction. :
30
BIF =0; —Tcos30°+0.4N =0 40 ek o 48]

BIF=0; N +Tsin30°-500 = 0 Q) N
Solving Eqgs.(1) and (2) yields: so0lb
200y, _|
T =187.61b N = 406.2 1b
Jo° 0.3 N
Since T' < 200 1b, the cord will not break at the moment the crate slides. I
N

After the crate begins to slide, the kinetic friction is used for the calculation.

+15F, = ma; N +200sin30°-500 =0 N =4001b
500
5 IF, = ma,;; 200 cos 30° — 0.3(400) = ——a
322
a = 3.43 ft/s Ans.

Mech.MuslimEngineer.Net



13-29.

The force exerted by the motor on the cable is shown in the
graph. Determine the velocity of the 200-1b crate when
t=125s.

SOLUTION

Free-Body Diagram: The free-body diagram of the crate is shown in Fig. a.

Equilibrium: For the crate to move, force F must overcome the weight of the crate.
Thus, the time required to move the crate is given by

+T2Fy=0; 100t — 200 = 0 t=12s

250
Equation of Motion: For2s <t < 25s,F = ﬁt = (100¢) 1b. By referring to Fig. a,

200
1006 — 200 = ~——
006 = 200 = =a

a = (16.1t — 32.2) ft/s*

+T2Fy = may;

Kinematics: The velocity of the crate can be obtained by integrating the kinematic
equation, dv = adt. For 2s =t < 25s,v =0 at t = 2's will be used as the lower
integration limit. Thus,

+1 /dv= /adz

t

/ dv = [ (16.1t — 322)dt
0 2s

t

v = (8052 — 32.21)

2s
= (8052 — 3221 + 32.2)ft/s

Whent = 2.5s,

v = 8.05(2.5%) — 32.2(2.5) + 322 = 2.01 ft/s Ans.

oMl alaiyl - dyilSall dial
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13-30.

The force of the motor M on the cable is shown in the graph. F(N)
Determine the velocity of the 400-kg crate A when ¢t = 2s.

L(s)

SOLUTION

Free-Body Diagram: The free-body diagram of the crate is shown in Fig. a.

Equilibrium: For the crate to move, force 2F must overcome its weight. Thus, the
time required to move the crate is given by

+T2Fy =0 2(625¢%) — 400(9.81) = 0
t=1.772s

Equations of Motion: F = (625t2> N. By referring to Fig. a,

+13F, = may;  2(625) — 400(9.81) = 400a FaaF
a = (31257 — 9.81) m/s?

Kinematics: The velocity of the crate can be obtained by integrating the kinematic 44‘ a.

equation, dv = adt. For 1.772s =t < 2s,v = 0 at t = 1.772 s will be used as the
lower integration limit. Thus,

+1 /dv= /adt

v t
/dv = / (3.125¢ — 9.81)ar
0 17725 ‘
t

v = (104177 — 9.81¢)

1.772s
(1.04177 — 9.81r + 11.587) m/s

Whent = 25,

400(9.8N
(a)

v = 1.0417(2%) — 9.81(2) + 11.587 = 0.301 m/s Ans.

Mech.MuslimEngineer.Net



13-31.

The tractor is used to lift the 150-kg load B with the 24-m-
long rope, boom, and pulley system. If the tractor travels to
the right at a constant speed of 4 m/s, determine the tension
in the rope when s, = 5 m.When s, = 0,55 = 0.

Ii
SOLUTION S‘B
12 — sp + V4 + (12)* = 24

—sg + (5%4 + 144)7%(“&,4) =0

—Sp — (5% + 144)7 <sAsA>2 + (55 + 144)7 (ﬁ) + (5% + 144) <sA's'A) =0

S B S 7 B T
? (s% + 144) (5% + 144)

5)%(4)* 42 +0
ag = — (O)°(4) - - @) - | = 1.0487 m/s?

((5)% + 144 ((5)> + 144):
£ Qg
+15F, = ma,; T —150(9.81) = 150(1.0487) N
T = 1.63 kN Ans.
4
150(9-81)N

oMl alaiyl - dyilSall dial



*13-32.

The tractor is used to lift the 150-kg load B with the 24-m-
long rope, boom, and pulley system. If the tractor travels to
the right with an acceleration of 3 m/s? and has a velocity of
4 m/s at the instant s, = 5 m, determine the tension in the
rope at this instant. When s, = 0, sz = 0.

2
SOLUTION S‘B

12 = 55+ V4 + (12)* = 24

1
—5p + E(S%“ +144) 73 (2sAsA) =0

~5g = (sh + 144)7 <sAsA>2 + (55 + 144) <s§,> + (54 + 144)—%<sA's'A) =0

.. 55 5% 5%+ sa54
S == - 1
! (% + 1447 (4 + 144)"
5)°(4)* 47 + (53
ag = — ()" (4) 3—() ()()1 = 22025 m/s?
((5)% + 144y ((5) + 144y
+13F, = ma,; T —150(9.81) = 150(2.2025)

T = 1.80 kN Ans.

Mech.MuslimEngineer.Net
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13-33.

Each of the three plates has a mass of 10 kg. If the
coefficients of static and kinetic friction at each surface of
contact are uy = 0.3 and u;, = 0.2, respectively, determine
the acceleration of each plate when the three horizontal
forces are applied.

SOLUTION
Plates B, C and D

HSF=0; 100-15-18—-F=0
F=6IN
Frax = 0.3(294.3) = 883N > 67 N
Plate B will not slip.
ag =10
Plates D and C
HSF=0; 100-18—-F=0
F=8N

Fae = 0.3(196.2) = 58.86 N < 82N
Slipping between B and C.

Assume no slipping between D and C,

B SF, = ma; 100 — 3924 — 18 = 20 a,
a, = 2138 m/s* —

Check slipping between D and C.

B SF, =ma,; F - 18 =10(2.138)
F=3938N
F,uc = 03(98.1) = 29.43 N < 39.38N

Slipping between D and C.

Plate C:

L SF, =may 100 — 39.24 — 19.62 = 10 a,
a, = 411 m/s’-

Plate D:

5 SF =ma; 1962 — 18 = 104,

ap = 0.162m/s> —

oMYl olaiyl -

18N <*—— D |
c —— 100N
15N — B \
A
30(2.84)N

e S I
c |—>100N

15N <—j 8 |

Ans.

BN«

—

F
29430

20(389)N

c L—’IOON
Foor
19b.2N

20(3.8HN

BN 1
—> 100N

*‘_"T 02(136.2) = 39. 24N

962N

048N
BN «—] %
ol

98.1N

981N
b pa(9) = 92N

[ Tan]> 100w

NN T

Ans.

Ans.

T!%AN

4810

BN <«
= 19.42N

984N



13-34.

Each of the two blocks has a mass m. The coefficient of

kinetic friction at all surfaces of contact is u. If a h
force P moves the bottom block, determine the acc
of the bottom block in each case.

SOLUTION
Block A:

(a) <iZFx=max; P —3umg = may
P

ay = ——3pg
m

(b) SB+SA:l

a, = —ag

Block A:

<j'—EFx=max; P—T—-3umg =may,
Block B:

<iEFx:max; umg — T = mag
Subtract Eq.(3) from Eq.(2):

P — dumg = m(a, — ag)

P
Use Eq.(1); ap=5- = 2ug

orizontal
eleration

P €—

Ans.

@

2

3

Ans.

Mech.MuslimEngineer.Net
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13-35.

The conveyor belt is moving at 4 m/s. If the coefficient of
static friction between the conveyor and the 10-kg package
B is pu, = 0.2, determine the shortest time the belt can stop
so that the package does not slide on the belt.

SOLUTION
B SF, = may 0.2(98.1) = 104
a = 1.962 m/s?
(B =1+ a.t
4=0+19621¢

t=204s

CICICICICICIO

48.1

Q
—>

'—T—*F=aam%A)

N=93.1

Ans.

oMl alaiyl - dyilSall dial



*13-36.

The 2-1b collar C fits loosely on the smooth shaft. If the 15 ft/s
spring is unstretched when s = 0 and the collar is given a | |
velocity of 15 ft/s, determine the velocity of the collar when

s = 1ft.

k = 41b/ft

SOLUTION
Fy=kx; F,=4(V1+s-1) 4

SIF = may: (VIS 1)<S> NENED

11 322)\"ds
[(sa-55) - [ G .
27 - aV1+ ¢), - 3217(1)2 —15?) a
v = 14.6 ft/s Ans.
)
21b

GTy

Mech.MuslimEngineer.Net



13-37.

d/2—

Cylinder B has a mass m and is hoisted using the cord and r—d/z
pulley system shown. Determine the magnitude of force F

as a function of the cylinder’s vertical position y so that
when F is applied the cylinder rises with a constant
acceleration ag. Neglect the mass of the cord, pulleys, hook

and chain.
SOLUTION .
y aBT B
+T2Fy = ma,; 2F cos0—mg = mag where cos ) = ———— |
2 d\2
V2 + (4
2F S mg = ma
- = mag
Vy? + (%)2 F £

m(ag + g)\V4y* + d din

F = Ans. '
ae AL

D/ 1)

"
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13-38.

The conveyor belt delivers each 12-kg crate to the ramp at
A such that the crate’s speed is v, = 2.5 m/s, directed down
along the ramp. If the coefficient of kinetic friction between
each crate and the ramp is u;, = 0.3, determine the speed at
which each crate slides off the ramp at B. Assume that no
tipping occurs. Take 6 = 30°.

SOLUTION
7H2F, = may; N¢ —12(9.81) cos 30° = 0
Nc =10195N
+ N\2F, = may; 12(9.81)sin 30° — 0.3(101.95) = 12 a¢

ac = 2356 m/s?

(+N) v = 4 + 2a(s — sa)

o

= (2.5)% + 2(2.356)(3 — 0)

vp = 4.5152 = 452 m/s

12(430N

300

&

N

03N

N0

Ans.

Mech.MuslimEngineer.Net



13-39.

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, = F, and F, = 0.3F,, where F is
constant, determine the equation of the path, and the speed
of the electron at any time ¢.

SOLUTION
5 SF, = ma Fy = ma,
+T2Fy = may; 03 Fy = ma,
Thus,
/ dv, = /*dl

7[ + Vo

/ /’0 3F0 0.3F,
v, =1
m
F 2 703F, \?
«°~w)%%>
m m

1
E\/ 1.09F22 + 2Fgtmv, + mv3

/dx_/(f,w)dl

S]
Il

2m + ’U()t
4 "0.3F,
dy = tdt
0 o m
~ 03F, 7
Y= 2m

7F0<2m) +v( /Zm)%
. 03F \Vo3r, )"

x—LJrv( Zm)%
03 "\Vo3r,)”

sl aliyl

Ans.

Ans.
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*13-40.

The engine of the van produces a constant driving traction
force F at the wheels as it ascends the slope at a constant
velocity v. Determine the acceleration of the van when it
passes point A and begins to travel on a level road, provided
that it maintains the same traction force.

SOLUTION

Free-Body Diagram: The free-body diagrams of the van up the slope and on the
level road are shown in Figs. a and b, respectively.

Equations of Motion: Since the van is travelling up the slope with a constant
velocity, its acceleration is a = 0. By referring to Fig. a,

2F o = may; F — mgsin6 = m(0)

F = mgsin 6
Since the van maintains the same tractive force F when it is on level road, from Fig. b,
5 2F, = may mgsin® = ma

a = gsinf Ans.

Mech.MuslimEngineer.Net



13-41.

The 2-kg collar C 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 downward at constant velocity along the vertical rod,
and (c) collar A is subjected to a downward acceleration of
2m/ s2. In all cases, the collar moves in the plane.

SOLUTION

() + Y2F, = may; 2(9.81) sin 45° = 2a¢  ac = 6.94 m/s’

(b) From part (a) ac/4 = 6.94 m/s?

ac =ay +acy Whereay =0
209.81) N

= 694 In/S 45970
(C)
N,
} C

Ac = Ay + ac/A

_ (2kg) 2 m/s*
42 +aca, @ s
$}/ (2 kg) agy
+ V2F = may; 2(9.81)sin45° = 2(2cos 45°+ac/a) aca = 5.5225 m/s? v
From Eq.(1)

ac = 2 + 5.5225 =3.905+5.905
v - |

ac = V3.905% + 5.905% = 7.08 m/s’ Ans.

_,5.905

3,905 = 56.5° 60> Ans.

6 = tan

oMl alaiyl - dyilSall dial



13-42.

The 2-kg collar C'is free to slide along the smooth shaft AB.
Determine the acceleration of collar C if collar A is
subjected to an upward acceleration of 4 m/s.

45° C
A
SOLUTION
& SF, = ma; Nsin 45° = 2ac)yp sin 45°
N = ZaC/AB
+T2Fy = may; N cosd5° — 19.62 = 2(4) — 2acap cos 45°
1962N  2(4)
ac/AB = 9.76514

; 45°
ac = asp T acjap E

Ne 2acip

(ac)y = 0 + 9.76514 sin 45° = 6.905 <

(ac), = 4 — 9.76514 cos45° = 2.905]

ac = V/(6.905)% + (2.905)2 = 7.49 m/s Ans.

2.905
6= tan_1<m) = 22.8° 07 Ans.

Mech.MuslimEngineer.Net



13-43.

The coefficient of static friction between the 200-kg crate
and the flat bed of the truck is u, = 0.3. Determine the
shortest time for the truck to reach a speed of 60 km/h,
starting from rest with constant acceleration, so that the
crate does not slip.

SOLUTION

Free-Body Diagram: When the crate accelerates with the truck, the frictional
force F; develops. Since the crate is required to be on the verge of slipping,
Fy = u,N = 0.3N.

Equations of Motion: Here, a, = 0. By referring to Fig. a,
+13F, = may; N — 200(9.81) = 200(0)

N = 1962N
B SF, = may; —0.3(1962) = 200(—a)

a=2943m/s> —

h 1km /\3600s
16.67 m/s. Since the acceleration of the truck is constant,

k 1 1h
Kinematics: The final velocity of the truck is v = (602)( 000 m)( ) -

(&) v =10+ a.t
16.67 = 0 + 2.943¢

t=5.66s Ans.

oMl alaiyl - dyilSall dial
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*13-44.

When the blocks are released, determine their acceleration
and the tension of the cable. Neglect the mass of the pulley.

SOLUTION

Free-Body Diagram: The free-body diagram of blocks A and B are shown in Figs. b
and c, respectively. Here, a, and aj are assumed to be directed downwards so that
they are consistent with the positive sense of position coordinates s, and s of
blocks A and B, Fig. a. Since the cable passes over the smooth pulleys, the tension in
the cable remains constant throughout.

Equations of Motion: By referring to Figs. b and c,

+12F, = may; 2T — 10(9.81) = —10a, §))
and
+13F, = may; T — 30(9.81) = —30ay Q)

Kinematics: We can express the length of the cable in terms of s , and s by referring
to Fig. a.

254 + sg =1
The second derivative of the above equation gives

2a40 + ag =0 3)
Solving Egs. (1), (2), and (3) yields
ay= —3773m/s> =37Tm/s> T ag = 7546 m/s> = 7.55m/s* | Ans.

T =6792N = 679N Ans.

L]

A ( 5
10(9.8)N & 30@.8N
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13-45.

If the force exerted on cable AB by the motor is %A

F = (100/*?) N, where ¢ is in seconds, determine the 50-kg

crate’s velocity when ¢t = 5. The coefficients of static and
kinetic friction between the crate and the ground are u; = 0.4
and p, = 0.3, respectively. Initially the crate is at rest.

SOLUTION

Free-Body Diagram: The frictional force Ff is required to act to the left to oppose
the motion of the crate which is to the right.

Equations of Motion: Here, a, = 0.Thus,

+15F, = ma N — 50(9.81) = 50(0)

y;
N =4905N

%

+13F, = ma,; 100632 — 147.15 = 50a

Realizing that 'y = N = 0.3(490.5) = 147.15N, a
BIN
‘ 50(4.81)
x

[ F=/00t%

a= (20 - 2.943) m/s

s

Equilibrium: For the crate to move, force F must overcome the static friction of
Fy = uN = 0.4(490.5) = 196.2 N. Thus, the time required to cause the crate to be
on the verge of moving can be obtained from.

5 SF, =0 1002 — 1962 = 0 N

t =1.567s @)

Kinematics: Using the result of a and integrating the kinematic equation dv = a dt
with the initial condition v = 0 at t = 1.567 as the lower integration limit,

(5) /dv=/adt

v t
/ dv = / (202 — 2.943)dr
0 1.567 s

t

v = (0.8 — 2.943t)

1.567 s
v = (0.8 — 2,943t + 2.152) m/s

Whent = 5s,

v = 0.8(5)°2 — 2.943(5) + 2.152 = 32.16 ft/s = 32.2 ft/s Ans.

oMl alaiyl - dyilSall dial
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13-46.

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 A < P
not move relative to B. All surfaces are smooth. g B
C

SOLUTION
Require m ?.
ay = agp = a
Block A: A

lp—
+T2Fy=0; N cosf® —mg =0
d'—EFx:max; N sin 0 = ma g N

a = gtan6
Block B:
<i2Fx=max; P — Nsinf = ma
P — mgtan 0 = mg tan6

P =2mg tané Ans.

Mech.MuslimEngineer.Net



13-47.

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 < P
not slip on B. The coefficient of static friction between A and ‘\0 B
B is u,. Neglect any friction between B and C.

SOLUTION
Require
a, = ag = a

ng
Block A:

+T2Fy=0; Ncos® — uyNsinf — mg =0

dlEFx:max; Nsin @ + u,N cosf = ma

_ mg

cosf — u,sin 0

(sinG + u, cos 9)
a=g| —————
§ cos 0 — u sin 0

Block B:

dlEF',(:ma P — puyNcosf — Nsinf = ma

sin 6 + w, cos 6 sin  + w, cos 6
P-—mgl ——————— | =mg| ——————
cos 0 — u,sin 6 cos 0 — pugsin 6

X2

sin 6 + w, cos 6
0 st A

P=2
mg(cos@ — g Sin 6

oMl alaiyl - dyilSall dial



*13-48.

A parachutist having a mass m opens his parachute from an

at-rest position at a very high altitude. If the atmospheric TFD
drag resistance is Fp = kv?, where k is a constant,
determine his velocity when he has fallen for a time 7. 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 — oo.

SOLUTION
d
+{3E =ma_; mg—kvzzml
dt
" mdv ! P
o (mg — kv’) 0
ﬂ/”L_t mg
k 0@_1}2
k
mg v
— 4+
1 kY
( mgln ng =t
2
k k 0
mg
ﬁ + v
mg
P
mg
— 4+
oVE Nk Y
= e
N e Y
[mg NE o g
k k
20\/%
v = %eki_] Ans.
k eZt\/%-i-l
mg
Whent— o0 v, = % Ans.

Mech.MuslimEngineer.Net



13-49.

The smooth block B of negligible size has a mass m and
rests on the horizontal plane. If the board AC pushes on the
block at an angle 6 with a constant acceleration a,,
determine the velocity of the block along the board and the
distance s the block moves along the board as a function of
time ¢. The block starts from rest when s = 0, t = 0.

SOLUTION
J+2F, = may 0 =magsin ¢
ag = a,yc + agjac
ag = ay + ag/ac
7+ ag sin¢ = —ay sin 0 + ag/sc

Thus,
0= m(_(lo sin 6 + aB/AC)

agjac = Qo sin 6

Vpjac t
/ de/AC = / a sin 6 dt
0 0

Vp/ac = Ggsin 0t Ans.
t

SB/AC =85 = /ao sinGl‘dt
0

1
s = an sin 6 1> Ans.

oMl alaiyl - dyilSall dial



13-50.

A projectile of mass m is fired into a liquid at an angle 6,
with an initial velocity v, as shown. If the liquid develops a
frictional or drag resistance on the projectile which is
proportional to its velocity, i.e., F = kv, where k is a
constant, determine the x and y components of its position
at any instant. Also, what is the maximum distance x,,,,, that
it travels?

SOLUTION

i)EFX = ma,; —kvcos = ma,

+T2Fy=may; —-mg — kvsinf = ma,
or
el
dt dt
kdy _ d*y
mET a4 T "
Integrating yields

.~k
Inx=ft+C1
m

. mg k
1 +—)=—t+C
n(y k) m 2

When ¢t = 0, x = v, cos 6y, Yy = vy sin Oy
X = vy cos Gy e KM

m m
y = _Tg + (vy sin 6y + Tg)e_(k/’")’

Integrating again,

—mu

x = cos e KM 4,

m m
y= =T singy + (e i

Whent = 0,x = y = 0, thus

m o
x =y % cos Gp(1 — e k/my Ans.
mgt m . mg _
Y= + ;(vo sin 0y + = Y1 — e Kkimny Ans.
Ast— o
m v cos 0,
Xpax = % Ans.

Mech.MuslimEngineer.Net

Vo

v

i o



13-51.

The block A has a mass m 4 and rests on the pan B, which

has a mass mp. Both are supported by a spring having a

stiffness k that is attached to the bottom of the pan and to J
']

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.

SOLUTION
For Equilibrium
(/W\ﬂ «‘mg) o}(
+1SF, = may;  F = (ms+ mp)g
_F (ms+ mp)g % l

M= Tk :zfm_
Block: FS
+T2Fy:may; —myg + N = mya
Block and pan Ly %,
+T2Fy = may; _(mA + mB)g + k(yeq + y) = (mA + mB)a ,

Thus, f N

—(m4 + mp)g + k[(%)g + Y} = (my + mB)(W)
Require y = d,N =0 =
kd = —(my + mp)g ](mﬁ+m6)g/
Since d is downward, jtjef
1
d= (my ‘;mB)g Ans. Fs

oMl alaiyl - dyilSall dial



*13-52.

A girl, having a mass of 15 kg, sits motionless relative to the z
surface of a horizontal platform at a distance of » = 5 m from
the platform’s center. If the angular motion of the platform is
slowly increased so that the girl’s tangential component of
acceleration can be neglected, determine the maximum speed
which the girl will have before she begins to slip off the
platform. The coefficient of static friction between the girl and
the platform is u = 0.2.

SOLUTION

Equation of Motion: Since the girl is on the verge of slipping, 'y = u,N = 0.2N.
Applying Eq. 13-8, we have

SF,=0; N-150981)=0 N =147.15N
’1)2
SF, = ma,; 0.2(147.15) = 15<§)

v =3.13m/s Ans.

Mech.MuslimEngineer.Net



13-53.

The 2-kg block B and 15-kg cylinder A are connected to a
light cord that passes through a hole in the center of the
smooth table. If the block is given a speed of v = 10m/s,
determine the radius r of the circular path along which it
travels.

SOLUTION

Free-Body Diagram:The free-body diagram of block B is shown in Fig. (a). The
tension in the cord is equal to the weight of cylinder A, ie,
T =15(9.81) N = 147.15 N. Here, a, must be directed towards the center of the
circular path (positive n axis).

2 2
Equations of Motion: Realizing that a,, = LA o and referring to Fig. (a),
p

2
2F, = ma,; 147.15 = 2(%)

r=136m Ans.

oMl alaiyl - dyilSall dial
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13-54.

The 2-kg block B and 15-kg cylinder A are connected to a
light cord that passes through a hole in the center of the
smooth table. If the block travels along a circular path of
radius ¥ = 1.5m, determine the speed of the block.

SOLUTION

Free-Body Diagram:The free-body diagram of block B is shown in Fig. (a). The
tension in the cord is equal to the weight of cylinder A, i.e,
T =15(9.81) N = 147.15 N. Here, a, must be directed towards the center of the
circular path (positive n axis).

2 2
Equations of Motion: Realizing that a,, = % =15 and referring to Fig. (a),
02
2F, = ma,; 147.15 = Z(E)
v = 10.5m/s Ans.

Mech.MuslimEngineer.Net
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13-55.

The 5-kg collar A is sliding around a smooth vertical guide
rod. At the instant shown, the speed of the collar is
v = 4 m/s, which is increasing at 3 m/s 2. Determine the
normal reaction of the guide rod on the collar, and force P
at this instant.

SOLUTION
5 SF, = may; P cos30° = 5(3)

P =1732N =173N Ans. M

. 4? l ?
+|3F, = ma,; N +5(981) —17.32 sin30° = (ﬁ) K :Z_go,,
N =119.61N = 120N/ Ans.

J’e’,( 2.8I)N

oMl alaiyl - dyilSall dial



*13-56.

Cartons having a mass of 5 kg are required to move along
the assembly line at a constant speed of 8 m/s. Determine
the smallest radius of curvature, p, for the conveyor so the
cartons do not slip. The coefficients of static and kinetic
friction between a carton and the conveyor are u, = 0.7 and

e = 0.5, respectively.

SOLUTION

+12F), = may;

& 2F, = ma,;

N-W=0
N=W
F,=0IW
w8
0.7TW = ——(—
9.81(p)
p=932m

Ans.

Mech.MuslimEngineer.Net




13-57.

The block B, having a mass of 0.2 kg, is attached to the
vertex A of the right circular cone using a light cord. If the
block has a speed of 0.5 m/s around the cone, determine
the tension in the cord and the reaction which the cone
exerts on the block and the effect of friction.

20O mm

SOLUTION
P 300 B B
ﬁ:%’ p = 120mm = 0.120 m
2
+/3F, = may; T — 0.2(9.81)(%) = [02(30152)()”(?)
T=18N Ans.
2
INSF, = ma;,  Np— 0.2(9.81)(%) - _[0,260'152)0)}(‘5‘)
Ny = 0.844 N Ans.
S00mm
Also,
_ , 3 4\ (0.5)? 2
b2, = ma; T<§) N NB(E) N 0’2(0.120)
+13F, = 0; T(%) + NB(%) —02(9.81) =0
300 mMm
T=18N Ans.
Ny = 0844 N Ans.
b %
T/
02(9.8DN | 5

oMl alaiyl - elgilSall dial
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13-58.

The 2-kg spool S fits loosely on the inclined rod for which the
coefficient of static friction is u; = 0.2. If the spool is located
0.25 m from A, determine the minimum constant speed the
spool can have so that it does not slip down the rod.

SOLUTION
4
p= 0-25(5) =02m
& 3F, =may; Ns<§) — 0.2N; (%) = 2(%)
4 3
+12F = may; Ns<g) + 02N <g) —2(9.81) = 0
N, = 213N
v = 0.969 m/s Ans.

Mech.MuslimEngineer.Net
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13-59.

The 2-kg spool S fits loosely on the inclined rod for which
the coefficient of static friction is u, = 0.2. If the spool is
located 0.25 m from A, determine the maximum constant
speed the spool can have so that it does not slip up the rod.

SOLUTION
p= 0.25(%) =02m

ESF, =ma,; Ns(g) + O.ZNS(g) = 2(0—”22)

4
+13F, = may; Ns(g) - o.st(g) —20981)=0

N, =2885N

v = 148m/s

oMl alaiyl - dyilSall dial
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*13-60.

At the instant § = 60°, the boy’s center of mass G has a
downward speed o5 = 15 ft/s. Determine the rate of
increase in his speed and the tension in each of the two
supporting cords of the swing at this instant. The boy has a
weight of 60 lb. Neglect his size and the mass of the seat

and cords.
SOLUTION
60 2
+N\IF, = ma,; 60 cos 60° = 2% W= 16.1 ft/s Ans. |
J+3F, = ; 2T — 60sin 60° = ﬂ(1f52) T = 4691b An
n ma,, ; S 322 10 . S.

Mech.MuslimEngineer.Net



13-61.

At the instant 6 = 60°, the boy’s center of mass G is
momentarily at rest. Determine his speed and the tension in
each of the two supporting cords of the swing when
6 = 90°. The boy has a weight of 60 1b. Neglect his size and
the mass of the seat and cords.

SOLUTION

60
+N\X, = may 60 cosf =

ﬂa, a, = 32.2 cos6

2
J+3F, = ma;: 2T — 60 sin 6 = 60(” )

322\10

vdv = ads however ds = 10d6

v 90°
/ vdy = / 322 cos 6 db

0 60°
v = 9.289 ft/s
From Eq. (1)
. 60 (9.289 B

2T — 60sin 90° = 32.2< 10 ) T =38.01b

@
Golb / n
0 T
Ans.
e
Ans.

oMl alaiyl - dyilSall dial



13-62.

The 10-1b suitcase slides down the curved ramp for which the
coefficient of kinetic friction is w;, = 0.2. If at the instant it
reaches point A it has a speed of 5 ft/s, determine the normal
force on the suitcase and the rate of increase of its speed.

SOLUTION
p=lp
dy
——=tanf = —x =-15 = —56.31°
dx x=—6
d*y 1
dx* 4
dy\? |
[1+ (w)] [1+( L5y
p= = = 23.436 ft
d2y
dx?

YASF, = ma: N — 10 56310—(£) O
n = Mlns €08 9521 = (302 )\ 23.436

N = 5.8783 = 5.88 b

322

10
+N\ISF, = ma;  —0.2(5.8783) + 10sin 56.31° = <>al

a, = 23.0 ft/s?

Mech.MuslimEngineer.Net
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13-63.

The 150-1b man lies against the cushion for which the
coefficient of static friction is u; = 0.5. Determine the
resultant normal and frictional forces the cushion exerts on
him if, due to rotation about the z axis, he has a constant
speed v = 20 ft/s. Neglect the size of the man. Take 6 = 60°.

SOLUTION
o150 /20%\ .
D F, = m(ay),; N — 150 cos 60° = ﬂ(?) sin 60
N = 2771b Ans.
. 150 (20
+ D F = m(a,),; — F + 150 sin 60° = 3272(?> cos 60°
F=1341b Ans.

Note: No slipping occurs

Since u,N = 138.41b > 134 1b

oMl alaiyl - dyilSall dial
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*13-64.

The 150-1b man lies against the cushion for which the
coefficient of static friction is u, = 0.5. If he rotates about
the z axis with a constant speed v = 30 ft/s, determine the -——
smallest angle 6 of the cushion at which he will begin to

slip off.
8 ft

SOLUTION

150 (30)
& SF, = ma,;, 05Ncos6 + Nsinf = E(T)

+13F, — 150 + Ncosf — 0.5Nsinf =0

I
2

150 1b
150 0

" cos — 0.5sind

0.5 cosf + sin 0)150 30)2 ;/b\N
( )150 150/ ( )) Bl

(cosf — 0.5sin0) 322\ 8

0.5 cos@ + sin @ = 3.49378 cos # — 1.74689 sin 6

6 = 47.5° Ans.

Mech.MuslimEngineer.Net



13-65.

Determine the constant speed of the passengers on the
amusement-park ride if it is observed that the supporting
cables are directed at # = 30° from the vertical. Each chair
including its passenger has a mass of 80 kg. Also, what are
the components of force in the n, ¢, and b directions which
the chair exerts on a 50-kg passenger during the motion?

SOLUTION
& : v’
EFH =ma,; T sin 30° = SO(W)

+13F, = 0; T cos 30° — 80(9.81) = 0

T =9062N

v = 630m/s

(6.30)2

2F,=ma,; F, = 50( 7 ) = 283N
SF, = ma; F,=0
2F, =may; F, —4905 =0

F, = 490N

oMl alaiyl - dyilSall dial
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13-66.

The man has a mass of 80 kg and sits 3 m from the center of
the rotating platform. Due to the rotation his speed is
increased from rest by ¥ = 0.4 m/s If the coefficient of
static friction between his clothes and the platform is
ms = 0.3, determine the time required to cause him to slip.

SOLUTION

2FE=ma,; FE = 80(0.4)
E=3N

SE =may; F, = (80)?

F=u N, = V(E} + (E)

0.3(80)(9.81) = [(32)* + ((80)%2

4
55432 = 1024 + (6400)(%)

v =29575m/s

d
a="=04

dt
v t
/dv= /O.4dt
0 0

v=041
29575 =041t

t=739s

Ans.

Mech.MuslimEngineer.Net
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13-67.

The vehicle is designed to combine the feel of a motorcycle
with the comfort and safety of an automobile. If the vehicle
is traveling at a constant speed of 80 km/h along a circular
curved road of radius 100 m, determine the tilt angle 6 of
the vehicle so that only a normal force from the seat acts on
the driver. Neglect the size of the driver.

SOLUTION

Free-Body Diagram: The free-body diagram of the passenger is shown in Fig. (a).
Here, a, must be directed towards the center of the circular path (positive n axis).

, . . km ) /1000 m 1h
Equations of Motion: The speed of the passengeris v = (80 7h )( Tkm >< 3600 s)
= 22.22 m/s. Thus, the normal component of the passenger’s acceleration is given by
2 2
v 2222
= === =y, 2 ; :
a, p 100 938 m/s”. By referring to Fig. (a),
9.81
+13F, = 0; N cos — m(9.81) = 0 =2
cos 0
9.81
& SF, = ma,; 2O Gin g = m(4.938)
cos 0
6 = 26.7° Ans.
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*13-68.

The 0.8-Mg car travels over the hill having the shape of a
parabola. If the driver maintains a constant speed of 9 m/s,
determine both the resultant normal force and the
resultant frictional force that all the wheels of the car exert
on the road at the instant it reaches point A. Neglect the
size of the car.

SOLUTION /

2

d d
Geometry: Here, 71 = —0.00625x and di); = —0.00625. The slope angle 6 at point
x
A is given by
dy
tanf = — = —0.00625(80) 6 = —26.57°
dx | =som

and the radius of curvature at point A is

[1 + (dy/dx)’T? [1 + (=0.00625x)*]*
d?y/ds?| |~0.00625] x=80m

= 223.61 m

Equations of Motion: Here, a, = 0. Applying Eq. 13-8 with 6 = 26.57° and
p = 223.61 m, we have

SF, = mag; 800(9.81) sin 26.57° — F; = 800(0)
F; = 3509.73N = 3.51 kN Ans.
92
SF, = may; 800(9.81) cos 26.57° — N = 800( Y 1)
N = 6729.67N = 6.73 kN Ans.

Mech.MuslimEngineer.Net




13-69.

The 0.8-Mg car travels over the hill having the shape of a
parabola. When the car is at point A, it is traveling at 9 m/s
and increasing its speed at 3 m/s’. Determine both the
resultant normal force and the resultant frictional force that
all the wheels of the car exert on the road at this instant.
Neglect the size of the car.

SOLUTION /

d d?
Geometry: Here, d7i = —0.00625x and Ti ); = —0.00625. The slope angle 6 at point
X

A is given by

d
tang = = — 0.00625(80) 0 = —26.57°
dx x=80m

and the radius of curvature at point A is

(1 + (dy/dxy??  [1 + (—0.00625x)]*

- = 22361
|d2y/d] |—0.00625| m

x=80m

Equation of Motion: Applying Eq. 13-8 with § = 26.57° and p = 223.61 m, we have

>F, = mag; 800(9.81) sin 26.57° — Fy = 800(3)
F;=1109.73N = 1.11 kN Ans.
92
3F, = may; 800(9.81) cos 26.57° — N = 800(223.61>
N = 6729.67N = 6.73 kN Ans.

oMl alaiyl - dyilSall dial




13-70.

The package has a weight of 5 Ib and slides down the chute.
When it reaches the curved portion AB, it is traveling at
8 ft/s (0 = 0°). If the chute is smooth, determine the speed
of the package when it reaches the intermediate point
C (0 = 30°) and when it reaches the horizontal plane
(6 = 45°). Also, find the normal force on the package at C.

SOLUTION
5
+v 2F, = ma; Scos¢ = 327@
a;, = 322 cos ¢
+N\2F, = ; N—5in¢—i(ﬁ)
n T M ° 322 20

vdv = a,ds

v ¢
/ vdv = / 32.2 cos ¢ (20 dop)
g 45°

1 1
27 = 5(8) = 644(sin ¢ — sin 45%)

At = 45° + 30° = 75°,
ve = 19.933 ft/s = 19.9 ft/s
Ne =7911b
At = 45° + 45° = 90°

vy = 21.0ft/s

sl

Ans.

Ans.

Ans.
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13-71.

If the ball has a mass of 30 kg and a speed v = 4 m/s at the
instant it is at its lowest point,# = 0°, determine the tension
in the cord at this instant. Also, determine the angle 6 to
which the ball swings and momentarily stops. Neglect the
size of the ball.

SOLUTION
+13F, = ma,, T —3009.81) = 30<(4T)2)

T =414N Ans.
+/2F, = may —30(9.81) sin 6 = 30a,

a, = —9.81sin 0

a,ds = v dv Since ds = 4 df, then

0 0
79.81/ sin 0(4 df) = / v dv
0 4

[9.81(4)cos 0]f = _% @y

39.24(cos§ — 1) = =8

6 = 37.2° Ans.

oMl alaiyl - dyilSall dial
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*13-72.
The ball has a mass of 30 kg and a speed v = 4 m/s at the
instant it is at its lowest point, § = 0°. Determine the tension

in the cord and the rate at which the ball’s speed is decreasing
at the instant # = 20°. Neglect the size of the ball.

SOLUTION

2
+NSF, = may; T — 30(9.81) cos 6 = 30(%)

+/72F, = may —30(9.81) sin 6 = 30q,
a, = —9.81sin 0

a;ds = vdv Since ds = 4 df, then

0 v
—9.81/ sin 6 (4 do) = /vdv
0 4

9.81(4) cos 0| = %(v)z _ % @y

(4
0

1
39.24(cos§ — 1) + 8 = 5”2

At 6 = 20°
v = 3357 m/s

a, = =336 m/s’> = 336 m/s> Ans.
T = 361N Ans.
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13-73.

Determine the maximum speed at which the car with mass
m can pass over the top point A of the vertical curved road
and still maintain contact with the road. If the car maintains
this speed, what is the normal reaction the road exerts on
the car when it passes the lowest point B on the road?

SOLUTION

Free-Body Diagram: The free-body diagram of the car at the top and bottom of the
vertical curved road are shown in Figs. (a) and (b), respectively. Here, a, must be
directed towards the center of curvature of the vertical curved road (positive n axis).

Equations of Motion: When the car is on top of the vertical curved road, it is
required that its tires are about to lose contact with the road surface. Thus, N = 0.

Realizing that a,, = Y= UT and referring to Fig. (a),
p

2

+{3F, = ma,; mg = m<v> v=\Vgr Ans.

r

Using the result of o, the normal component of car acceleration is
2
v r
a,=—= gT = g when it is at the lowest point on the road. By referring to Fig. (b),
p
+13F, = may; N — mg = mg

N = 2mg Ans.
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13-74.

If the crest of the hill has a radius of curvature p = 200 ft,
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 a

weight of 3500 1b.

SOLUTION
3500/ o &35‘)‘) o
\3E = ma,; 3500 = 32-2(20())
Vo
= 80.2 ft/s Ans.
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13-75.

Bobs A and B of mass m, and mgp(my > mp) are
connected to an inextensible light string of length / that
passes through the smooth ring at C. If bob B moves as a
conical pendulum such that A is suspended a distance of &
from C, determine the angle 6 and the speed of bob B.
Neglect the size of both bobs.

SOLUTION

Free-Body Diagram: The free-body diagram of bob B is shown in Fig. a. The tension
developed in the string is equal to the weight of bob A,i.e.,T = m,g. Here, a, must
be directed towards the center of the horizontal circular path (positive n axis).

Equations of Motion: The radius of the horizontal circular path is r = (I — h)sin6.

2 vr2
Thus, a, = % = m. By referring to Fig. a,
+12F, =0; mygcos — mpg =0
0= cosfl(@) Ans.
my
(j; . Vp 2
SF, = may; mygsinf = mp m
mug(l — h
vp = JLSM )
mpg
2 _ 2
. . my mg o . .
From Fig. b, sin § = ——————. Substituting this value into Eq. (1),

my
- [mag(l — h)( Vg — mg
? mpg \ my

) \/ga — W)(my = mg)

muympg

Ans.

oMl alaiyl - dyilSall dial




*13-76.

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 %;i.e.,v =

SOLUTION
+N\2F, = ma

vdv =

mg sin 0 = ma,

a,ds = gsin 6 ds

v h
/vdv=/gdy
0 0

2

v

~— = goh

s~ 8

v="V2gh

\V2gh.

a, = gsin@

However

dy = dssin 6

Q.E.D.

Mech.MuslimEngineer.Net
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13-717.

The skier starts from rest at A(10 m, 0) and descends the
smooth slope, which may be approximated by a parabola.

If she has a mass of 52 kg, determine the normal force the 10m

ground exerts on the skier at the instant she arrives at

Y =2

=5
%

point B. Neglect the size of the skier. Hint: Use the result of
Prob. 13-76. T

Sm

SOLUTION ‘

d 1 d? 1
Geometry: Here,l = —x and oy

dr 10 12 = o The slope angle 60 at point B is given by

tan§ = —=
an dx

x=0m

and the radius of curvature at point B is

[1+ (dy/dx? ] [1 + (%x)2}3/2

= = = 10.0
P by [1/10] "
x=0m

Equations of Motion:

+/2F, = ma,; 52(9.81) sin § = —52a, a, = —9.81sin 0
P

+N\ZF, = ma,; N — 52(9.81) cos 6 = m<f) @
p

Kinematics: The speed of the skier can be determined using v dv = a,ds. Here, a,
must be in the direction of positive ds. Also, ds = V1 + (dy/dx)*dx
=V1+ ﬁxzdx

X

10V1 + o

v 0
_ ad T 2
(+) /vdv = 79.81/ () V1 + dx
0 10m\10V'1 +ﬁx2 ( 100 )

v? = 9.81 m?/s?

1
Here,tan 6 = Ex.Then, sin § =

Substituting v*> = 98.1 m%*/s%,6 = 0°,and p = 10.0 m into Eq.(1) yields

o (981
N — 52(9.81) cos 0° = 52(—10.())
N = 102024 N = 1.02 kN Ans.
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13-78.

A spring, having an unstretched length of 2 ft, has one end
attached to the 10-1b ball. Determine the angle 6 of the
spring if the ball has a speed of 6 ft/s tangent to the
horizontal circular path.

SOLUTION

Free-Body Diagram: The free-body diagram of the bob is shown in Fig. (a). If we
denote the stretched length of the spring as /, then using the springforce formula,
Fg, = ks = 20(/ — 2) Ib. Here, a, must be directed towards the center of the
horizontal circular path (positive n axis).

Equations of Motion: The radius of the horizontal circular path is r = 0.5 + [ sin 6.
2 2
v 6

Since a,, = T 05+ Ising by referring to Fig. (a),
+12F, =0; 20(/ — 2)cosf — 10 = 0 §))
& 3F, = ma,; 20( — 2)sin 6 = %(ﬁ) 7))
Solving Egs. (1) and (2) yields
0 = 31.26° = 31.3° Ans.
[ = 2.585 ft Ans.

Mech.MuslimEngineer.Net
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13-79.

The airplane, traveling at a constant speed of 50 m/s, is
executing a horizontal turn. If the plane is banked at
6 = 15°, 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 a mass of 70 kg.

SOLUTION
+1 > F, = ma,;  Npsin 15° — 70(9.81) = 0
Np = 2.65kN
50?
& EF,, = ma,; Np cos 15° = 70 —
p
p =683m

70(9.81) N
Ans. g
X
Np
Ans.
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*13-80.

A 5-Mg airplane is flying at a constant speed of
350 km/h along a horizontal circular path of radius
r = 3000m. Determine the uplift force L acting on the
airplane and the banking angle 6. Neglect the size of the
airplane.

SOLUTION

Free-Body Diagram: The free-body diagram of the airplane is shown in Fig. (a).
Here, a, must be directed towards the center of curvature (positive n axis).

, . . . km \ (1000 m 1h
Equations of Motion: The speed of the airplane is v = <350 h )( 1 km )( 3600 s)
v 97.22°

= 97.22 m/s. Realizing that a,, = — =
p

= 3.151 m/s? and referring to Fig. (a),

3000
+13F, = 0; T cos § — 5000(9.81) = 0 @
& SF, = ma,; T sin 6 = 5000(3.151) )
Solving Egs. (1) and (2) yields
6 =17.8° T = 51517.75 = 51.5kN Ans.

Mech.MuslimEngineer.Net
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13-81.

A 5-Mg airplane is flying at a constant speed of
350 km/h along a horizontal circular path. If the banking
angle § = 15°, determine the uplift force L acting on the
airplane and the radius r of the circular path. Neglect the
size of the airplane.

SOLUTION

Free-Body Diagram: The free-body diagram of the airplane is shown in Fig. (a).
Here, a, must be directed towards the center of curvature (positive n axis).

, . . L km \ /1000 m 1h
Equations of Motion: The speed of the airplane is v = (350 b )( Tkm )( 3600 S)
v* 97.22
- r

= 97.22 m/s. Realizing that a,, = — and referring to Fig. (a),
p

+13F, = 0; L cos 15° — 5000(9.81) = 0
L = 5078030 N = 50.8 kN Ans.
97.22?
& SF, = ma,; 50780.30 sin 15° = 5000< ; >
r = 359592 m = 3.60 km Ans.

oMl alaiyl - dyilSall dial
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13-82.

The 800-kg motorbike travels with a constant speed of y
80 km/h up the hill. Determine the normal force the
surface exerts on its wheels when it reaches point A.
Neglect its size.

100 m

SOLUTION
dy V2 &y V2

Geometry: Here,y = \/2x'2. Thus,E S d s = - 4)63/2.The angle that
the hill slope at A makes with the horizontal is
dy \/i
0 = tan_](f) = tan_]< ) = 4.045°
dx /| =100m 2x'2 /| =100m
The radius of curvature of the hill at A is given by
dy\? PP~ V2 o \2 P2
1+ () (Y2
dx 21007 2849.67
pA=—"",7 = = .67 m
! d’y ‘_ V2
2 3/2

dx oom 4(100%?)
Free-Body Diagram: The free-body diagram of the motorcycle is shown in Fig. (a). a"b
Here, a, must be directed towards the center of curvature (positive n axis). N
Equations of Motion: The speed of the motorcycle is \

k 1000 1h
v = (80—‘“)( m)( > =2222m/s n
h 1km 3600 s Ca )
Th _v 22‘222—01733 /s2. By referring to Fig. (a)
us,an—pA—2849.67— . m/s”. By referring to Fig. (a),
N+H2EF, = may; 800(9.81)cos 4.045° — N = 800(0.1733)
N = 7689.82 N = 7.69 kN Ans.
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13-83.

The ball has a mass m and is attached to the cord of length L
The cord is tied at the top to a swivel and the ball is given a
velocity vy. Show that the angle 6 which the cord makes with
the vertical as the ball travels around the circular path
must satisfy the equation tan 6 sin § = v3/gl. Neglect air
resistance and the size of the ball.

SOLUTION

2
v
5 2F, = may; Tsinf = m(TO)

+T2F;,=O; Tcos® —mg =0
mug

" Isin?6
("))
— =m
/ sin’ 0 g b

tan 6 sin 6 v(z) Q.E.D
an@sinf = — E.D. .
gl T

Since r = [sin 0 T
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*13-84.

The 5-1b collar slides on the smooth rod, so that when it is at
A it has a speed of 10 ft/s. If the spring to which it is
attached has an unstretched length of 3 ft and a stiffness of
k = 10 Ib/ft, determine the normal force on the collar and
the acceleration of the collar at this instant.

SOLUTION

0 = 63.435°

N

dy\?
1+ (5>
()]
d’y
dx?

1+ (-2)%
_ |_(1|)) = 1118 ft

p=

1
=8 —=(2) =
y =238 2() 6

OA = V(2)* + (6)> = 6.3246

F, = kx = 10(6.3246 — 3) = 33.246 b

6
tan ¢ = 5; ¢ =71.565°

+/2F, = ma, 5 c0s 63.435° — N + 33.246 cos 45.0° = (
N =2441

N2 F, = may;
a, = 180.2 ft/s?

v (10)

= T 1118

= 8.9443 ft/s?

V(180.2)7 + (8.9443)2

Q
Il

S
Il

180 ft/s?

Mech.MuslimEngineer.Net
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5sin 63.435° + 33.246 sin 45.0° = (i>at

X

(10)*
1118

)

Ans.

Ans.
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13-85.

The spring-held follower AB has a weight of 0.75 1b and
moves back and forth as its end rolls on the contoured
surface of the cam, where r = 0.2 ft and z = (0.1 sin ) ft. If
the cam is rotating at a constant rate of 6 rad/s, determine
the force at the end A of the follower when 6 = 90°. In this
position the spring is compressed 0.4 ft. Neglect friction at

the bearing C.
SOLUTION
z = 0.1sin26
7z = 0.2 cos 200
. .. Fy
7 = —0.4 sin 200* + 0.2 cos 260 : -~
z sin cos F,
6= 6rad/s
6=0

7 = —14.4 sin 20

> F, = ma; Fy — 12(z + 0.3) = mZ
. 0.75 .
F, — 12(0.1sin20 + 0.3) = 3272(—14.4 sin 26)
For 6 = 45°,
0.75
Ey —12(04) = ﬂ(714.4)
F, = 4461b Ans.
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13-86.

Determine the magnitude of the resultant force acting on a
5-kg particle at the instant ¢+ = 2 s, if the particle is moving
along a horizontal path defined by the equations
r=(2t+10)m and 6 = (1.5¢* — 6t) rad, where ¢ is in

seconds.
SOLUTION
r=2t+ 10|, = 14
r=2

r=0

0 = 1.5 — 61

a=F—-r?=0-0=0

ag = r6 + 276 = 14(3) + 0 = 42
Hence,

2F, = ma, F,=50)=0

S Fy = may; Fy=5(42) = 210N

F = V(F) + (F,)?=210N

Ans.
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13-87.

The path of motion of a 5-1b particle in the horizontal plane
is described in terms of polar coordinates as r = (2¢ + 1) ft
and 6 = (0.5¢> — ) rad, where ¢ is in seconds. Determine
the magnitude of the resultant force acting on the particle

whent = 2s.

SOLUTION

r=2+ 1|—p, =51t

6 = 0.5> — t|,.,, = Orad

F=21ft)s  F=0

0=1t—1,—p,=1rad/s 6 =1rad/s’

a, =7 —re* =0 — 5(1)> = =5 ft/s?

ag = rf + 210 = 5(1) + 2(2)(1) = 9 ft/s>

5
SF, = ma;  F, =2 (=5) = ~077641b
SF, = may  Fy=—(9) = 13981b
0 = Mmday; 0= 359 = L
F = \VF? + F3 = \V/(=0.7764)* + (1.398)> = 1.60 Ib Ans.
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*13-88.

A particle, having a mass of 1.5 kg, moves along a path
defined by the equations » = (4 + 3t) m, # = (¢ + 2) rad,
and z = (6 — 3) m, where ¢ is in seconds. Determine the r,
0, and z components of force which the path exerts on the
particle when t = 2s.

SOLUTION

r=4+3t,-p, =10m F=3m/s =20 .
0="~+2 6 =21, = 4rad/s 6= 2rad/s . | g0
1=6-7 5= -3¢ P= 6], = —12m/s ’
a, = i— rf? = 0-10(4)*> = —160 m/s? r ~0
ag = rf + 210 = 10(2)+ 2(3)(4) = 44 m/s> F,

a, =z=—12m/s*

SE =ma,; F =15(—160) = —240N Ans.

SF = ma;  F=15(44) = 66N Ans.

SF, = ma,; F, —150981)=15-12) F = -328N Ans.
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13-89.

Rod OA rotates counterclockwise with a constant angular
velocity of 6 = 5rad/s. The double collar B is pin-
connected together such that one collar slides over the
rotating rod and the other slides over the horizontal curved
rod, of which the shape is described by the equation
r=15(2 - cosf)ft. If both collars weigh 0.75 1Ib,
determine the normal force which the curved rod exerts on
one collar at the instant § = 120°. Neglect friction.

SOLUTION

Kinematic: Here, 6 = 5 rad/s and 6 =0. Taking the required time derivatives at
0 = 120°, we have

r =152 — cos 0)|p=1o° = 3.75 ft

F = 1.5sin 00]y—1200 = 6.495 ft/s

1.5(sin 00 + cos 60 2)|y—1p0r = —18.75 ft/s?

y
Applying Eqgs. 12-29, we have

a, =¥ — r* = —1875 — 3.75(5%) = —112.5 ft/s

ag =16 + 270 = 3.75(0) + 2(6.495)(5) = 64.952 ft/s’
Equation of Motion: The angle iy must be obtained first.

r 15(2 = cosb)
dr/do — 15sin0  [y—ia

tan ¢ = = 28867 4 = 70.89°

Applying Eq. 13-9, we have

o 075
> F, = ma,; —N cos 19.11° = 22 (—112.5)
N =27731b =2.771b Ans.

0.75
SFy=may:  Foa+ 2773sin19.11° = 27 (64.952)

Foa = 0.6051b

oMl alaiyl - dyilSall dial
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13-90.

The boy of mass 40 kg is sliding down the spiral slide at a
constant speed such that his position, measured from the
top of the chute, has components r = 1.5m, 6§ = (0.7¢) rad,
and z = (—0.5¢) m, where ¢ is in seconds. Determine the
components of force F,, Fy, and F, which the slide exerts on
him at the instant ¢ = 2 s. Neglect the size of the boy.

SOLUTION
r=15 6 =07t 7z =05t
F=¥=0 6 =07 z=-05
6=0 7=0
a, =7 — r6)? =0 — 1.50.7)> = —0.735 40098 N
ag =10 + 21 = 0 N
F, N
a,=7=20 F fo
3F = ma, E = 40(-0.735) = =294 N Ans.
2 F) = may, E=0 Ans.
SF, = ma,;  F, — 40(9.81) = 0
F, =392N Ans.
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13-91.

The 0.5-1b particle is guided along the circular path using the
slotted arm guide. If the arm has an angular velocity
6 = 4rad/s and an angular acceleration § = 8 rad/s’ at the
instant § = 30°, determine the force of the guide on the
particle. Motion occurs in the horizontal plane.

SOLUTION —

r=2(0.5cos 0) = 1cos6

i = —sin 66 r A7
O.Sm
48

7 = —cos 66*> — sin 66 05m

At =30°60 = 4rad/s and 6 = 8 rad/s’

o N
r = 1cos 30° = 0.8660 ft 302"
= —sin30°(4) = =2 ft/s
F

r = —cos30°(4)> — sin 30°(8) = —17.856 ft/s’
a, =7 — rf°= —17.856 — 0.8660(4)> = —31.713 ft/s’

ag =16 + 2r9 = 0.8660(8) + 2(—2)(4) = —9.072 ft/s’

0.5
Z4SE =ma; =N cos30° = 27 (-31713) N = 05686 1b

0.5
+NEF, = mag F — 0.56865in30° = == (=9.072)

F=10.1431b Ans.
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*13-92.

Using a forked rod, a smooth cylinder C having a mass of
0.5 kg is forced to move along the vertical slotted path
r = (0.50) m, where 6 is in radians. If the angular position
of the arm is 6 = (0.5¢%) rad, where ¢ is in seconds,
determine the force of the rod on the cylinder and the
normal force of the slot on the cylinder at the instant
t = 2s. The cylinder is in contact with only one edge of the
rod and slot at any instant.

SOLUTION

r =050 r=050 ¥=056

0 =052 0=t 6=1
At t =2s, r 4+.905N
6 =2rad = 11459° 6 =2rad/2 6 = 1rad/s’
r=1m 7=1m/s 7=05m/s

r0502)

t = =
any = ae - 0s

§ = 63.43°

a, =7 —r* =05 - 12> = —35
ag = r6 + 210 = 1(1) + 2(1)(2) = 5
+N\ZF, = ma,;  N¢cos26.57° — 4.905 cos 24.59° = 0.5(—3.5)
N¢ =3.030 = 3.03N Ans.
+/'3 Fy = may; F — 3.030 sin 26.57° + 4.905 sin 24.59° = 0.5(5)

F=18IN Ans.
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13-93.
If arm OA rotates with a constant clockwise angular

velocity of 6 = 1.5rad/s. determine the force arm OA
exerts on the smooth 4-1b cylinder B when 6 = 45°.

SOLUTION

Kinematics: Since the motion of cylinder B is known, a, and a, will be determined

. 4 o .
first. Here, — = cos 0 or r = 4 sec 6 ft. The value of r and its time derivatives at the
r

| 4 ft

instant 6 = 45° are

r = 4sect|y_yso = 4sec45° = 5.657 ft
i = 4secO(tan 0)0)g_ys- = 4sec45° tan 45°(1.5) = 8.485 ft/s

F=4 [sec O(tan 0)6 + 9(sec0 sec’0 + tanfsecdtan 09)}

= 4[sec f(tan0)6 + sec® 06> + sec 6 tan’ 1919'2] s
= 4[secd5°tan 45°(0) + sec’45°(1.5)> + sec 45° tan45°(1.5)?]
= 38.18 ft/s’

Using the above time derivatives,

a, =¥ — rf? = 38.18 — 5.657(1.52) = 25.46 ft/s
ay = 16 — 219 = 5.657(0) + 2(8.485)(1.5) = 25.46 ft/s’

Equations of Motion: By referring to the free-body diagram of the cylinder shown in

Fig. a,
o o — 4
>F, = ma, N cos 45 4 cos45° = 32.2(25.46)
N = 84721b
4
SFy = mag; Foa — 8.472sin45° — 45sin45° = 3272(25.46)
Fos=1201b Ans.

41b Q2540 fHs*
r~ 2]
A= H0 1EN 45"

45° N

s!wlm,):?‘lfle;j)u - dfé&"" dinl



13-94.

The collar has a mass of 2 kg and travels along the smooth
horizontal rod defined by the equiangular spiral
r = (%) m, where 6 is in radians. Determine the tangential
force F and the normal force N acting on the collar when
0 = 90°, if the force F maintains a constant angular motion

6 = 2rad/s.
SOLUTION
r=e¢’

i = e%

=€) + %
At = 90°
6 = 2rad/s

6=0

r = 4.8105

r = 9.6210

¥ =19.242

a, =7 — r(0)> = 19242 — 4.8105(2)* = 0

ag = rf + 279 = 0 + 2(9.6210)(2) = 38.4838 m/s>

tan ¢ = =ele’ =1

dr
()
Y = 45°

+1> F, = ma;  —N¢ cos45° + F cos 45° = 2(0)

& S Fy = ma;  Fsin45° + Ncsin 45° = 2(38.4838)

Nc = 544N Ans.

F =544N Ans.

Mech.MuslimEngineer.Net

-455



13-95.

The ball has a mass of 2 kg and a negligible size. It is originally
traveling around the horizontal circular path of radius
rp = 05m such that the angular rate of rotation is
6y = 1rad/s. If the attached cord ABC is drawn down
through the hole at a constant speed of 0.2 m/s, determine the
tension the cord exerts on the ball at the instant » = 0.25 m.
Also, compute the angular velocity of the ball at this instant.
Neglect the effects of friction between the ball and horizontal
plane. Hint: First show that the equation of motion in the 6
direction yields ap = r@ + 270 = (1/r)(d(r?0)/dt) = 0.
When integrated, 20 = ¢, where the constant c is determined
from the problem data.

SOLUTION
S Fy=mag 0= mlr+ 2] = m[%%(r@)} =0

Thus,

d(r*6) = 0

20 =C
(0.5)%(1) = C = (0.25)%
6 = 4.00 rad/s

Since 7 = —0.2m/s, r=20
a, =7 — i(#)* = 0 — 0.25(4.00)> = —4 m/s’
> F,=ma; —T =2(—4)

T =8N

8 298N

-
T

Ans.

Ans.
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*13-96.

The particle has a mass of 0.5 kg 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 = 30°.
The rod is rotating with a constant angular velocity
6 = 2 rad/s. Assume the particle contacts only one side of
the slot at any instant.

SOLUTION
r= 0-5 = 0.5sech
cos 6

F = 0.5 sec § tan 60
r= 0.5{{(sec 6 tan 66) tan 6 + sec 6(sec? 06)]6) + sec 0 tan (95}
= 0.5[sec 0 tan®06 + sec> 06> + sec 6 tan 99]
When 6 = 30°,0 = 2rad/sand 6 = 0
r = 0.5sec30° = 0.5774 m
7 = 0.5 sec 30° tan 30°(2) = 0.6667 m/s
7 = 0.5[sec 30° tan?30°(2)% + sec>30°(2)> + sec 30° tan 30°(0)]
= 3.849 m/s?
a, =¥ — r6® = 3.849 — 0.5774(2)> = 1.540 m/s>
ag = rf + 219 = 0.5774(0) + 2(0.6667)(2) = 2.667 m/s>
/+32F = ma,; N cos 30° — 0.5(9.81) cos 30° = 0.5(1.540)
N =579N Ans.
NI Fy = mayg; F + 0.5(9.81) sin 30° — 5.79 sin 30° = 0.5(2.667)

F=178N Ans.
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13-97.

Solve Problem 13-96 if the arm has an angular acceleration
of § =3 rad/s> and 6 = 2 rad/s at this instant. Assume the
particle contacts only one side of the slot at any instant.

SOLUTION
=03 = 0.5sech
cos 60

= 0.5 sec 6 tan 66

7= O.5{[(sec 6 tan 66) tan 6 + sec O(sec> 9('9)} 6 + sec 6 tan 99}
= 0.5[sec 6 tan®06> + sec> 06> + sec 6 tan 00]

When 6 = 30°,0 = 2 rad/s and 6 = 3 rad/s>

r = 0.5sec30° = 0.5774 m

7 = 0.5 sec 30° tan 30°(2) = 0.6667 m/s

7 = 0.5[sec 30° tan® 30°(2)? + sec?30°(2)? + sec 30° tan 30°(3)
= 4.849 m/s?

a, =7 — 16 = 4.849 — 0.5774(2)* = 2.5396 m/s

ag = rf + 279 = 0.5774(3) + 2(0.6667)(2) = 4.3987 m/s>

/+2F, = ma,, N cos 30° — 0.5(9.81) cos 30° = 0.5(2.5396)

N = 63712 = 637N
+N\ZF) = may; F + 0.5(9.81) sin 30° — 6.3712 sin 30° = 0.5(4.3987)

F=293N

oMl alaiyl - dyilSall dial

Ans.

Ans.

/)A
/Qi
6=2 rad/s< f

0

0.5 m

0-5(981)N
981) -




13-98.

The collar has a mass of 2 kg and travels along the smooth
horizontal rod defined by the equiangular spiral r = (e?) m,
where 6 is in radians. Determine the tangential force F and
the normal force N acting on the collar when 6 = 45°, if the
force F maintains a constant angular motion 6 = 2 rad/s.

SOLUTION
r=eé
i=e"0

7 69(9)2 + %9

At 0 = 45°
6 = 2rad/s
6=0
r=2.1933
i = 4.38656
¥ = 8.7731

a, =¥ — r(6)? = 8.7731 — 2.1933(2)> = 0

ag =16 + 270 = 0 + 2(4.38656)(2) = 17.5462 m/s>

r 0,0
tany = ——— = =1
an (ﬂ) e’le
de
Y =0 =45°
7+ D F, = ma,; — Nccos45° + F cos 45° = 2(0)

NDY Fy = may; F sin 45° + N¢sin 45° = 2(17.5462)

N =248 N Ans.

F =248N Ans.
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13-99.

For a short time, the 250-kg roller coaster car is traveling
along the spiral track such that its position measured from
the top of the track has components r = 8m,
6 = (0.1 + 0.5) rad, and z = (—0.2¢) m, where ¢ is in
seconds. Determine the magnitudes of the components of
force which the track exerts on the car in the r, 6, and z
directions at the instant + = 2 s. Neglect the size of the car.

SOLUTION

Kinematic: Here, r = 8m, r = ¥ = 0. Taking the required time derivatives at
t = 2s,we have

6 = 0.1t + 0.5[,_o, = 0.700rad 6 = 0.100rad/s 6 = 0

2= 025, = —0400m  z=-0200m/s Z=0

Applying Eqgs. 12-29, we have
a, =7 — r6* = 0 — 8(0.100%) = —0.0800 m/s>
ag = rf + 270 = 8(0) + 2(0)(0.200) = 0
a,=72=0

Equation of Motion:

SF, = ma,; F, = 250(—0.0800) = —20.0 N Ans.

SFy = may; Fy=25000) =0 Ans.
SF, = mayg F, — 250(9.81) = 250(0)

F,=24525N = 245 kN Ans.
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*13-100.

The 0.5-Ib ball is guided along the vertical circular path
r = 2r.cos 0 using the arm OA. If the arm has an angular
velocity 6 = 0.4 rad/s and an angular acceleration
6 =08 rad/s” at the instant § = 30°, determine the force of
the arm on the ball. Neglect friction and the size of the ball.
Setr. = 0.4 ft.

SOLUTION

2(0.4) cos 0 = 0.8 cos 6

r

i = —0.8 sin 69

—0.8 cos 062 — 0.8 sin 60

;
At = 30°6 = 0.4rad/s,and 6 = 0.8 rad/s

r = 0.8 cos 30° = 0.6928 ft

i = —0.8'sin 30°(0.4) = —0.16 ft/s

—0.8 cos 30°(0.4)> — 0.8 sin 30°(0.8) = —0.4309 ft/s>

;
a, =¥ — r* = —0.4309 — 0.6928(0.4)> = —0.5417 ft/s’

ag = rf + 279 = 0.6928(0.8) + 2(—0.16)(0.4) = 0.4263 ft/s>

0.5
+73F, = ma;  Neos30° = 0.5sin30° = == (<0.5417) N = 027901b

0.5
N+SF, = mag  Fos+02790sin30° = 0.5 cos 30° = = (0.4263)

Foa = 0.3001b Ans.
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13-101.

The ball of mass m is guided along the vertical circular path
r = 2r.cos 0 using the arm OA. If the arm has a constant
angular velocity 6, determine the angle 6 = 45° at which
the ball starts to leave the surface of the semicylinder.
Neglect friction and the size of the ball.

SOLUTION
r = 2r.cos 6
r = —2r.sin 66

~2r, cos 06% — 2r, sin 60

¥

Since 6 is constant,é = 0.

a, = ¥ — r6> = —2r.cos 003 — 2r.cos 063 = —4r, cos 663
+/72F, = ma, —mg sin § = m(—4r. cos 99%)
4r. 9% _qf 4re 9%
tanf = —— 0 = tan Ans.
8 4
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13-102.

Using a forked rod, a smooth cylinder P, having a mass of
0.4 kg, is forced to move along the vertical slotted path
r = (0.60) m, where 6 is in radians. If the cylinder has a
constant speed of vc = 2 m/s, determine the force of the
rod and the normal force of the slot on the cylinder at the
instant § = 7r rad. Assume the cylinder is in contact with
only one edge of the rod and slot at any instant. Hint: To
obtain the time derivatives necessary to compute the
cylinder’s acceleration components a, and a,, take the first
and second time derivatives of r = 0.60. Then, for further
information, use Eq. 12-26 to determine 6. Also, take the
time derivative of Eq. 12-26, noting that v = 0, to
determine 6.

SOLUTION
r=060 =060 F=060

= 0.60 vy = ro = 0.600
(o)

. 2
2% = (0 60) (0600) = —
0.6V1 + ¢

- - .. 06>
0 =0.7266 + 0.36| 266° + 26766 0=— 3
1+6
At o rad 6 -z 1.011 rad/s
= 177 s = = 1.
0.6V1 + 7
; 1.011)
0= M —0.2954 rad/s’
1+

r=06(7)=06rm i=0.6(1011) = 0.6066 m/s
7 = 0.6(—0.2954) = —0.1772 m/s®

a, =7 —r§> = —0.1772 — 0.6w(1.011)> = —2.104 m/s

ag = rf + 279 = 0.6m(—0.2954) + 2(0.6066)(1.011) = 0.6698 m/s

r 0.660
tan ¢ = =2 = = 72.34°
md=ae 06 0TV
ESF = ma:  —Ncos17.66° = 04(-2104) N = 0.883N
CUSF, = may;  —F + 04(9.81) + 0.883 sin 17.66° = 0.4(0.6698)

F=392N

Mech.MuslimEngineer.Net
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13-103.

A ride in an amusement park consists of a cart which is
supported by small wheels. Initially the cart is traveling in a
circular path of radius r, = 16 ft such that the angular rate of
rotation is 6y = 0.2 rad/s. If the attached cable OC is drawn
inward at a constant speed of # = —0.5 ft/s, determine the
tension it exerts on the cart at the instant » = 4 ft. The cart
and its passengers have a total weight of 400 lb. Neglect
the effects of friction. Hint: First show that the equation of
motion in the 6 direction yields ay = ro + 26 =
(1/r) d(r*0)/dt = 0. When integrated, r* = ¢, where the
constant ¢ is determined from the problem data.

SOLUTION

. _ _ 400 o N2
ma,; T = <32.2><r ré >
400 - .
: =|—= +
may; 0 <32.2>< 0 2r0>
Ld( ) _ 2% -
FromEq.(Z),<r>dt<r (9)—0 ree=c

Since 6, = 0.2 rad/s when r, = 16 ft,c = 51.2.

+/3F,

+N\ISF,

Hence, when r = 4 ft,

. 512
0= ((4)2> = 3.2rad/s

Since r = —0.5 ft/s,7 = 0, Eq. (1) becomes

-T = (;fg)(o - (4)(3.2)2>

T =5091b

@
2)
v 03I
o iz.2 A
7
Ans.
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*13-104.

The arm is rotating at a rate of 6=>5 rad/s when
6 =2 rad/s> and # = 90°. Determine the normal force it
must exert on the 0.5-kg particle if the particle is confined
to move along the slotted path defined by the horizontal
hyperbolic spiral 7§ = 0.2 m.

SOLUTION
m o

0= 5= 90

6 = 5rad/s

6 = 2rad/s?

r=02/6 = 012732 m

F=-026726 = —0.40528 m/s

F=—02[-2073(0) + 6726] = 2.41801
a, = ¥ — r(6)> = 2.41801 — 0.12732(5)* = —0.7651 m/s>
ag = rf + 276 = 0.12732(2) + 2(—0.40528)(5) = —3.7982 m/s>

tan r 0.2/6
an = = -
(373 —0.20

= tanfl(—g) = —57.5184°

+12F, =ma,; N, cos 32.4816° = 0.5(—0.7651)

& 2Fy = may; F + N,sin32.4816° = 0.5(—3.7982)
Np=—-0453 N
F=-166N Ans.

Mech.MuslimEngineer.Net




13-10s.

The forked rod is used to move the smooth
2-1b particle around the horizontal path in the shape of a
limagon, r = (2 + cos ) ft. If at all times 6 = 0.5 rad/s,
determine the force which the rod exerts on the particle at
the instant # = 90°. The fork and path contact the particle
on only one side.

SOLUTION
r=2+ cosf
i = —sin 60

—cos 062 — sin 06

;
Ato = 90°,é = 0.5rad/s, and 6 = 0

r =2+ cos90° = 2 ft

i = —sin 90°(0.5) = —0.5 ft/s

—cos 90°(0.5)% — sin 90°(0) = 0

.
a, =7 — r* =0 — 2(0.5)> = —0.5 ft/s?

ag = rf + 270 = 2(0) + 2(—0.5)(0.5) = —0.5 ft/s>

r 2 + cos 6
t = = =-2 = —63.43°
an ll/ dr/dB —sin 0 9=90° l/j
2
+13F, = ma,;  —N cos26.57° = 55705 N = 00347210
2
& 3F, = ma;  F — 0.03472 sin 26.57° = ——(—0.5)

322

F = —0.01551b Ans.
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13-106.

The forked rod is used to move the smooth 2-lb particle
around the horizontal path in the shape of a limagon,
r= (2 + cos 0) ft. If at all times 6 = 0.5 rad/s, determine
the force which the rod exerts on the particle at the instant
0 = 60°. The fork and path contact the particle on only
one side.

SOLUTION

r=2+ cosf

i = —sin 60

—cos 062 — sin 06

;
Ato = 60°,é = 0.5rad/s, and 6 = 0

r =2+ cos60° =25ft

i = —sin 60°(0.5) = —0.4330 ft/s

—cos 60°(0.5)> — sin 60°(0) = —0.125 ft/s?

.
a, =7 — re* = —0.125 — 2.5(0.5)> = —0.75 ft/s’

ag = rf + 279 = 2.5(0) + 2(—0.4330)(0.5) = —0.4330 ft/s>

tanacn‘f

r 2 + cos 6
t = = = —2.887 = —70.89°
an lll dr/dB —sin 0 0=60° llj
2
+/3F, = ma,, —N cos 19.11° = ——(-0.75) N = 0.04930 1b

322

2
N2ZFy = mayg; F —0.04930sin 19.11° = 302 (—0.4330)

F = —0.0108 1b Ans.
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13-107.

The forked rod is used to move the smooth
2-1b particle around the horizontal path in the shape of a
limagon, r = (2 + cos ) ft. If § = (0.5¢%) rad, where ¢ is in
seconds, determine the force which the rod exerts on the
particle at the instant ¢+ = 1 s. The fork and path contact the
particle on only one side.

SOLUTION
r=2+cosf 6 = 0.5
7y = —sin 60 0=t

¥ = —cos00> —sin9 6 =1rad/s?

Att=1s,06 =0.5rad,0 =1 rad/s,andé =1 rad/s2
r=2+ cos0.5 = 28776 ft

i = —sin 0.5(1) = —0.4974 ft/s’

7 = —cos 0.5(1)> — sin 0.5(1) = —1.357 ft/s?

a, =¥ — rf* = —1.375 — 2.8776(1)> = —4.2346 ft/s’

ag = rf + 270 = 2.8776(1) + 2(—0.4794)(1) = 1.9187 ft/s

r 2 + cos 6
t = = = —6.002 = —80.54°
e dr/dB =8I0 |g=05rad v
2
+/2F, = ma,; —N co0s 9.46° = ——(—4.2346) N = 0.2666 1b

322

2
+NZFy = may; F — 0.2666 sin 9.46° = 3272(1.9187)

F =0.1631b

‘t’angeni-

~

¢=80-54 ’

/
G:: 0.5/40,’436'65 :

Ans.
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*13-108.

The collar, which has a weight of 3 Ib, slides along the
smooth rod lying in the horizontal plane and having the
shape of a parabolar = 4/(1 — cos ), where 6 is in radians
and r is in feet. If the collar’s angular rate is constant and
equals 6 = 4rad/s, determine the tangential retarding
force P needed to cause the motion and the normal force
that the collar exerts on the rod at the instant § = 90°.

SOLUTION

4

rzl—cosé’

—~4sing 6o
(1 — cos 6)*

_ —4sinf8  —4cosb (h)’ . 8 sin® 6 6
(1 —cosf)? (1 —cosh)? (1 — cosh)’

'r

At =90°, 6H=4, 6=0

r=4
i=-16
¥ =128

a, =7 — r(0)’ = 128 — 4(4)* = 64

ag =10 + 26 =0 + 2(—16)(4) = —128

o4

1 —cosf
dr  —4sin@

a9 (1 — cos 8)?
4

¢ 1/; r 1 — cos6) 4 1
an = = = = _
dr —4sin 6 . _
(@ (1 — cos 6)? =90 4

g = —45° = 135°

3
+1SF, =ma,;  Psind5° — Ncos45° = —~— (64)
322
. 3
¢EF(;Zmae; *Pcos45°7Nsm45°=@(7128)
Solving,
P =1261b Ans.
N =4221b Ans.
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13-109.

The smooth particle has a mass of 80g. 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 = (0.8 sin #) m. If the cord has a stiffness k = 30 N/m and
an unstretched length of 0.25 m, determine the force of the
guide on the particle when 6 = 60°. The guide has a constant
angular velocity 6 = 5 rad/s.

SOLUTION
r = 0.8sin 60
i =0.8cos 60

¥ = —0.8sin 6 (§)> + 0.8 cos 66
§=5 6=0

At o = 60°, r = 0.6928

=2
F=—17.321
12 r

a, =7 — r(6) = —17.321 — 0.6928(5)> = —34.641 N

.. . Ne 30°, "\ F
ag =10 +2r0 =0+ 2(2)(5) =20 13.284N
Fy = ks; F, = 30(0.6928 — 0.25) = 13.284 N
/+3F, = ma,;,  —13.284 + Npcos30° = 0.08(—34.641)

N+3F, = mag; F — Npsin30° = 0.08(20)
F=76IN Ans.

Np=121N
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13-110.

The smooth particle has a mass of 80 g. 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 = (0.8 sin 6)
m. If the cord has a stiffness £ = 30 N/m and an unstretched
length of 0.25 m, determine the force of the guide on the
particle when 6 = 2 rad/s%, 6 = 5 rad/s,and 6 = 60°.

SOLUTION
r = 0.8sin 60
i =0.8cosf0

—0.8sin 6 (6)> + 0.8 cos 66

.

=5 6=2

Atf =60°, r=06928
F=2

7= —-16.521

a, =7 — r(6)? = —16.521 — 0.6928(5)> = —33.841
ag =10 + 270 = 0.6925(2) + 2(2)(5) = 21.386
F, = ks; F, = 30(0.6928 — 0.25) = 13.284 N
/+3F, = ma,;  —13284 + Npcos30° = 0.08(—33.841)
+NZFy = may; F — Npsin 30° = 0.08(21.386)
F=78N Ans.

Np=122N
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13-111.

A 0.2-kg spool slides down along a smooth rod.

If the rod has a constant angular rate of rotation
6 = 2 rad/s in the vertical plane, show that the equations of 0
motion for the spool are ¥ — 4r — 9.81sinf = 0 and D

0.87 + N; — 1.962 cos § = 0, where N; is the magnitude of

the normal force of the rod on the spool. Using the 6 =2rad/s \

methods of differential equations, it can be shown that d

the solution of the first of these equations is V
r=Ce® + Ce¥ — (9.81/8)sin2t. If r, i, and 6§ are

zero when ¢ = 0, evaluate the constants C; and C, to
determine r at the instant § = /4 rad.

SOLUTION

Kinematic: Here, 6. = 2 rad/s and 6 =0. Applying Egs. 12-29, we have
a,='r'—ré2='r'—r(22)='r'—4r 02980 =1 962K
ag = rf + 219 = r(0) + 2-(2) = 4F e
Equation of Motion: Applying Eq. 13-9, we have

SF, = ma,; 1.962 sin 6 = 0.2(F — 4r) G ‘// AL \
9

a r
¥ —4r —981sind =0 (Q.E.D.) () "
2Fy = may; 1.962 cos  — N, = 0.2(4r)
0.8 + N, — 1.962cos0 =0  (Q.E.D.) )

0 1
Since 0. = 2rad/s, then /6 = / 2dt, 6 = 2t. The solution of the differential
0 0
equation (Eq.(1)) is given by

r=cre s c - 2 din )

Thus,
F=-2Cie 2 +2C, e — % cos 2t )
Atr=0,r = 0.FromEq.(3) 0 = C; (1) + C,(1) = 0 )
At = 0,7 = 0.From Eq.(4) 0 = —2C; (1) + 2C, (1) — % (©6)

Solving Egs. (5) and (6) yields

9.81 9.81
"7 9T
Thus,
981 _, . 981 , 981 .
= —— + —e — ——sin2
r 16 e 16 e 3 sin 2¢
9.81 [(—e 2 + & |
= S\ 2 sin 2¢
9.81
=5 (sin h 2t — sin 2¢)
T 981 ( . = LT\
At =2t = T r= 3 (sm h4 sin 43) = 0.198 m Ans.
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*13-112.

The pilot of an airplane executes a vertical A
loop which in part follows the path of a cardioid,
r =600(1 + cos 0) ft. If his speed at A (6 =0°) is a
constant vp = 80 ft/s, determine the vertical force the
seat belt must exert on him to hold him to his seat when
the plane is upside down at A. He weighs 150 Ib.

r =600 (1 + cos 0) ft

SOLUTION

r = 600(1 + cos 0)|yg—¢- = 1200 ft

F = —600 sin 66]y—y = 0

—600 sin 06 — 600 cos 06%|y_q- = —6006

\2
vf,: 2+ (r@)

. 2 .
(802 =0 + (12009) 6 = 0.06667

20,0, = 217 + 2<r0)(i0 + rO)

0=0+0+2760 6=0

7

a, = ¥ — rf? = —600(0.06667)> — 1200(0.06667)> = —8 ft/s
ag=rf+2i0=0+0=0

150
+12F, = ma,;; N —150 = (32—2)(—8) N =1131b Ans.
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13-113.

The earth has an orbit with eccentricity e =0.0821 around the
sun. Knowing that the earth’s minimum distance from the
sun is 151.3(10% km, find the speed at which the earth travels
when it is at this distance. Determine the equation in polar
coordinates which describes the earth’s orbit about the sun.

SOLUTION
CH 1 GMg
e:GMS WhereC=r0<1— r()v%>andh:r0%
GM 3 V5
e = ! 1- 2S(rovo)2 P S 1
GMS ro ro Vg GMS GMS

. GMs(€+l)
v \i ro

. 1. 30)(0. +
= \/66 73107 99)(109 )0.0821 +1) _ 30818 m/s = 30.8 km/s Ans.
151.3(10%)

1 1 GM GM
7:7(17 ;>cos(9+ 5

r T o Vo riv

1 1 ( 66.73(10—12)(1.99)(1030)) N 66.73(10712)(1.99)(10%%)

r 151.3(10%) 151.3(107)(30818)? [151_3(109)]2 (30818)>

1

= 0.502(10" %) cos 6 + 6.11(10712) Ans.
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13-114.

A communications satellite is in a circular orbit above the
earth such that it always remains directly over a point on
the earth’s surface. As a result, the period of the satellite
must equal the rotation of the earth, which is approximately
24 hours. Determine the satellite’s altitude /. above the
earth’s surface and its orbital speed.

SOLUTION

The period of the satellite around the circular orbit of radius
ro = h +r, = [h + 6378(10° | m is given by

. 2777'0
==
2m[h + 6.378(10°)]
24(3600) =
/US
2m[h + 6.378(10°)
= 1
U 86.4(10°) @

The velocity of the satellite orbiting around the circular orbit of radius
ro = h +r, = [h + 6378(10° | m is given by

_ |GM,
Vg = 7o
66.73(10712)(5.976)(10%%)
Vg = 6 (2)
h + 6.378(10°)
Solving Egs.(1) and (2),
h = 35.87(10°y m = 35.9 Mm vg = 3072.32 m/s = 3.07 km/s Ans.
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13-115.

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 800 km
from the earth’s surface.

SOLUTION
For a 800-km orbit

B \/66.73(10’12)(5.976)(1024)
= (800 + 6378)(10°)

= 7453.6 m/s = 7.45 km/s Ans.
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*13-116.

A rocket is in circular orbit about the earth at an altitude of
h = 4 Mm. Determine the minimum increment in speed it
must have in order to escape the earth’s gravitational field.

h=4Mm

SOLUTION

Circular Orbit:
12 24
ve = |GM, _ \/66.73(103 )5.976(103) — 6198.8 m/s
70 4000(10°) + 6378(10°)
Parabolic Orbit:

—-12 24
o = [2GM. _ \/2(66.73)(130 )5.976(1(3) ) _ er664m s
N r 4000(10%) + 6378(10%)

Av = v, — vc = 8766.4 — 6198.8 = 2567.6 m/s

Av = 2.57 km/s Ans.
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13-117.

Prove Kepler’s third law of motion. Hint: Use Eqgs. 13-19,

13-28,13-29, and 13-31.

SOLUTION
From Eq. 13-19,

N

1 G
;=CCOSH+

hZ
For 6 = 0°and 6 = 180°,

GM
L_cy >
» h
1 GM,
—=-C+—
r[l h

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

2a  2GM;

» W

From Eq. 13-31,

w

T = N (2a)(b)

Thus,

T’h?
B A7 a?

dr’a®  GM,
TR B

T2 = (é;{z )a3

Q.E.D.
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13-118.

The satellite is moving in an elliptical orbit with an eccentricity
e = 0.25. Determine its speed when it is at its maximum
distance A and minimum distance B from the earth.

SOLUTION
Ch
e =
GM,
1 GM,
whereC = —| 1 — and i = ryv.
ro r(ﬂ%
1 GM, )
€= GMero (1 r()?)%)(rov())
2
_[To%
e= (GMe 1
}’0”0% GMe(e + 1)
—e+1 = =
GME ¢ % ro

where ro = r, = 2(10°) + 6378(10°) = 8.378(10°) m.
\/66.73(1012)(5.976)(1024)(0.25 +1)
Up = 0y =

= 7713 m/s = 771 km/s  Ans.

8.378(10%)
ro 8.378(10°) .
= = = 13.96(10
T 26M, | 2A6673)(1077)(5.970)(10%) (10°) m
To %o 8.378(10%)(7713)?
Ty 8378(10% B B
vy = —up (7713) = 4628 m/s = 4.63 km/s Ans.

ro 0 13.96(10°)
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13-119.

The elliptical orbit of a satellite orbiting the earth has an
eccentricity of e = 0.45. If the satellite has an altitude of 6 Mm
at perigee, determine the velocity of the satellite at apogee and

the period.
SOLUTION
Here,rg = rp = 6(10%) + 6378(10%) = 12.378(10°%) m.
h = rpvp
h = 12.378(10%w, @

and

GM
C= i(1 - ;)
rp rpUp

B 1 [1 66.73(10712)(5.976)(10*%)
12.378(10%L 12.378(10%) v,

2.602
C = 80.788(107%) — 6027 Q?)
vp

Using Egs. (1) and (2),

Ch?
GM,

e =

2.602 2
80.788(107%) — @}{12.378(106)14
Vp

0.45 =
66.73(10712)(5.976)(10**)

vp = 6834.78 m/s

Using the result of vp,

r'p

«~ 2GM, )

I

rp UP2
B 12.378(10°)
2(66.73)(10712)(5.976)(10%)
12.378(10°)(6834.78%)
= 32.633(10° m

Since h = rpvp = 12.378(10°)(6834.78) = 84.601(10%) m?/s is constant,
rv, = h
32.633(10%w, = 84.601(10%)

v, = 2592.50 m/s = 2.59 km/s Ans.

Using the result of 4,

T = %(rp + r))Vrpr,

=T [12378(10°% + 32.63'%?1)(1)%?{/'12'.;78(105)'(.32.6'33)(I(.)g)

oA N1 710N




*13-120.

Determine the constant speed of satellite S so that it
circles the earth with an orbit of radius r = 15 Mm. Hint:

Use Eq. 13-1.

SOLUTION

F=G msz . Also F = m; (*) Hence
r
<v%> m me
my =G

24
JG— \/66 7310~ 12) 5976(10 )) = 5156 m/s = 5.16 km/s Ans.
15(10°)
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13-121.

The rocket is in free flight along an elliptical trajectory A’ A.
The planet has no atmosphere, and its mass is 0.70 times that
of the earth. 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.

SOLUTION

Central-Force Motion: Use r, = $, withrg =r, = 6(106) m and
2 GM/ryv3)-1
M = 0.70M,, we have

9(10°) = 610"
<2(66.73) (10712) (0.7) [5.976(1024)]> .
6(10%)0%
vy = 7471.89 m/s = 7.47 km/s Ans.
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13-122.

A satellite S travels in a circular orbit around the earth. A
rocket is located at the apogee of its elliptical orbit for
which e = 0.58. 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.

SOLUTION
1 GM
(-
0 ToVp
[Eq. 13-20]. Substitute these values into Eq. 13-17 gives

1 GM,\( 2 2
B ch? _ 70(1 B E)“OVO) B rovoz 1
‘T oM, GM, oM,

Central-Force Motion: Here, C = ) [Eq. 13-21] and

Rearrange Eq. (1) gives
1 GM,
14+ e rovd

Rearrange Eq. (2), we have

(1+e)GM,

ro

Vy =

o

Substitute Eq. (2) into Eq. 13-27, r, =
(2 GMe/rov%> -1

,we have

r, = fo or r*(lie>r
0_17 0~ T a
o) 1 T

1+ e

or the first elliptical orbit e = 0.58, from Eq. (4)

(rp)1 = ro= (%)[120(106)] = 31.899(10%) m

Substitute ry = (r,); = 31.899(10°) m into Eq. (3) yields

—-12 24
(o) \/(1 +058)(6673)(10 ) (5976)(10%) _ s

31.899(10°)

Applying Eq. 13-20, we have

(va)1 = (?a)(vp)l = { 120(10%) }(4444.34) = 1181.41 m/s

When the rocket travels along the second elliptical orbit, from Eq. (4), we have
10(10%) = (1;6)[120(106)} e = 0.8462
1+e ’
), = 10(10°) m into Eq. (3) yields

Substitute ry = (7,

—-12 24
o) - \/(1 +08462)(6673) (10 ) (5967)(10%) _ s

- 10(10°)

@

2

3

C))
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13-122. continued

And in Eqg. 13-20, we have

(”p)z}( _ {10(10(’)

(va)2 = {W 120(106)}(8580.25) = 715.02 m/s

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

Av = (v,)1 — (v,), = 1184.41 — 715.02 = 466 m/s Ans.

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

GM, 66.73(1072)(5.976)(10*
v, = \/ = \/ ( i )07 = 6314.89 m/s
ro 10(10%)

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

Av = (v,); — v, = 8580.25 — 6314.89 = 2265.36 m/s = 2.27 km/s Ans.
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13-123.

An asteroid is in an elliptical orbit about the sun such that
its periheliondistance is 9.30(10”) km. If the eccentricity of
the orbit is e = 0.073, determine the aphelion distance of

the orbit.

SOLUTION
r, = ro = 9.30(10°) km

_cht l(l GMX>< o3 )
‘- GM, r, o3 GM;

(5
GM,

r'oVp

=e+1 1
om, ¢ M
GM, ( 1 )
rovg e+ 1

r

Fa = 2GMSO = % )

ruvﬁ - (e + 1) -1

role +1)  9.30(10°)(1.073)
T A= T 0.927

Ans.

ro = 10.8(10°) km
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*13-124.

An elliptical path of a satellite has an eccentricity
e = 0.130. If it has a speed of 15 Mm/h 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?

SOLUTION
e = 0.130
v, = vy = 15 Mm/h = 4.167 km/s

T AT
€ GM, B o rovd J\GM,

_ ro Vg 1
¢~ \om,

o U%
GM,

e+1

_(e+ 1HGM,

L
1.130(66.73)(10712)(5.976) (10?4
[4.167(10%)

25.96 Mm

o

GM, 1
o V% e+1

o 7o
Vi = =
AT 2GM, 1 ( 2 ) 1
Fove e+ 1

ro(le + 1)
Ta 1—e

25.96(10°)(1.130)
B 0.870

33.71(10%) m = 33.7 Mm

Vol'o
Vy = —
A ra

15(25.96)(10°)
33.71(10%)

11.5 Mm/h Ans.
d = 33.71(10°) — 6.378(10°)

= 273 Mm Ans.
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13-125.

A satellite is launched with an initial velocity
vy = 2500 mi/h parallel to the surface of the earth.
Determine the required altitude (or range of altitudes)
above the earth’s surface for launching if the free-flight
trajectory is to be (a) circular, (b) parabolic, (c) elliptical,
and (d) hyperbolic. Take G = 34.4(107%)(Ib - ft?)/slug?,
M, = 409(10?") slug, the earth’s radius r, = 3960 mi, and
1 mi = 5280 ft.

SOLUTION
vy = 2500 mi/h = 3.67(10°) ft/s
(a) 6=GC;/}I:=O orC =0
L GM,
- rov%

GM, = 34.4(107%)(409)(10?")
= 14.07(10%)

GM, 14.07(10%)
= = = 1.046(10%) ft
TR T B67(10%)P (10%)

~ 1.047(10%)

_ - 3) s
280 3960 = 194(10%) mi

2
(b) e=Ch=1

1 ) 1 GM,\
GM, (rovz())(ro)<l ro Ué) !

_2GM, _ 2(14.07)(10°)
o [36710)P

ro

r = 396(10%) — 3960 = 392(10%) mi

(c) e <1

194(10%) mi < r < 392(10%) mi
(d e>1

r > 392(10%) mi

= 2.09(10°) ft = 396(10%) mi

Ans.

Ans.

Ans.

Ans.
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13-126.

A probe has a circular orbit around a planet of radius R and
mass M. If the radius of the orbit is nR and the explorer is
traveling with a constant speed v, determine the angle 6 at
which it lands on the surface of the planet B when its speed
is reduced to kv,, where k < 1 at point A.

SOLUTION

When the probe is orbiting the planet in a circular orbit of radius rp = nR, its speed

is given by

_[éM  [6m
Yo = ro a nR

The probe will enter the elliptical trajectory with its apoapsis at point A if its speed is

|IGM
decreased to v, = kvp = k R at this point. When it lands on the surface of the
n

planet,r = rg = R.

1 1 GM GM

—=—|1- cost + ——

r rp rpUp rp~vp

1 1 GM GM

== -2 0 + 1
R <1’P rPZ’UPZ) €os erva ( )

|IGM
Since h = rv, = nR(k 7) = kVnGMR is constant,
n

rpvp = h
- kN nGMR
P rp
Also,
“TaGM
VPUP2
"R 6m )
’PUPZ
o2 = 2nGMR
P rp(rp + nR)
Solving Eqgs.(2) and (3),
k’n
r, = = sz

2

3

; _2-K |GM
P k nR

Substituting the result of r, and v, into Eq. (1),

1 <2 — k2 ) 0+ 1
oy — —5> | COS
R k’nR  k*nR k*nR

o — Cosfl(M)
1 — k2

Here 6 was measured from periapsis. When measured from apoapsis, as in the figure then

0 — o Cosfl(M)
1 - k?

Ans.
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13-127.

Upon completion of the moon exploration mission, the
command module, which was originally in a circular orbit as
shown, is given a boost so that it escapes from the moon’s
gravitational field. Determine the necessary increase in
velocity so that the command module follows a parabolic
trajectory. The mass of the moon is 0.01230 M,.

SOLUTION 3 Mm—

When the command module is moving around the circular orbit of radius
ro = 3(10°% m, its velocity is
\/GM,,, \/66.73(10*12)(0.0123)(5.976)(1024)
v = =
‘ ro 3(10%)
= 1278.67 m/s

The escape velocity of the command module entering into the parabolic trajectory is

B \/ZGM,,,_ \/2(66.73)(10’12)(0.0123)(5.976)(1024)
e - 3(10°)

ro
= 1808.31 m/s

Thus, the required increase in the command module is

Av = v, — v, = 1808.31 — 1278.67 = 529.64 m/s = 530 m/s Ans.
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*13-128.

The rocket is traveling in a free-flight elliptical orbit about
the earth such that e =0.76 and its perigee is
9 Mm 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.

SOLUTION
1 GM,
Central-Force Motion: Here C = Py 1- > ) [Eq. 13-21] and & = ryv,
0 o Vo
[Eq. 13-20] Substitute these values into Eq. 13-17 gives
1 GM.\, 2,2
ch? ro(l —%)(rovo) 3 rovd . L
cT oM, GM, " GM, @
Rearrange Eq.(1) gives
1 GM
= > (2)
1+e ryug
Rearrange Eq.(2), we have
(1 +e)GM,
V=N 3)
To
Substitute Eq.(2) into Eq. 13-27, r, = (2GMe/:ZUoz) - 1,we have
r
T, = ; 0 @
()1
Rearrange Eq.(4), we have
1+e 1+ 0.76 6 p
ry = (1 - e)ro = (m)p(m )] = 66.0(10°) m
Substitute r, = r, = 9(10°) m into Eq.(3) yields
1 + 0.76)(66.73)(10~'%)(5.976) (10*
v, = ( X X X ) 107) = 8830.82 m/s
9(10%)
Applying Eq. 13-20, we have
rp 9(10%)
ve=\|—v,=| ———— |(8830.82) = 12042 m/s = 1.20 km/s Ans.
Ta 66.0(10%)

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

GM, 66.73(10712)(5.976)(10%)
v, = = . = 6656.48 m/s
) 9(10°%)

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

Av =v,— v, = 8830.82 — 6656.48 = 2174.34 m/s = 2.17 km/s Ans.

oMl alaiyl - dyilSall dial
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13-129.

A rocket is in circular orbit about the earth at an altitude above
the earth’s surface of # =4 Mm. Determine the minimum
increment in speed it must have in order to escape the earth’s
gravitational field.

SOLUTION

Circular orbit:

B \/GMei \/66.73(10’12)5.976(1024)
TN T T N 4000(10°) + 6378(10°)

= 6198.8 m/s

Parabolic orbit:

B \/ZGMe B \/2(66.73)(10’12)5.976(1024)
Ve ro N 4000(10%) + 6378(10%)

= 8766.4 m/s

Av = v, — ve = 8766.4 — 6198.8 = 2567.6 m/s

Av = 2.57 km/s

Ans.

Mech.MuslimEngineer.Net

ﬁ h=4Mm



13-130.

The satellite is in an elliptical orbit having an eccentricity of
e =0.15. If its velocity at perigee is vp = 15Mm/h,
determine its velocity at apogee A and the period of the

satellite.
SOLUTION
— 6y M &) -
Here, vp {15(10 ) o }(3600 s 4166.67 m/s.
/’l = rpvp
h = rp (4166.67) = 4166.67r, @

and

1 GM,
C=—11- 3
rp r'pUp

co 1, 66.73(10712)(5.976)(10**)
o, r,(4166.67%)
1 22.97(10°
C=[1—( )} @
rp rp
_CK
‘T GM,
1 22.97(10°
[1 - ()}(4166.67 rp)?
015 =~ i
’ 66.73(10712)(5.976)(10**)
rp = 26.415(10% m
Using the result of 7,
r'p
rA = A~
2GM, )
rp UPZ
B 26.415(10°)
2(66.73)(107'2)(5.976)(10%)
26.415(10°)(4166.67%)
= 35.738(10° m
Since i = rp vp = 26.415(10°)(4166.67%) = 110.06(10”) m?/s is constant,
Faly = h
35.738(10%)v, = 110.06(10°%)
v4 = 3079.71 m/s = 3.08 km/s Ans.

Using the results of &, 74, and rp,

T :%(rp+ rA)m

= 5 [26.415(10% + 35.738(10°) | V/26.415(10%)(35.738)(10°)
110.06(10°) Yl alaiy - elyilayall dial
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13-131.

A rocket is in a free-flight elliptical orbit about the earth
such that the eccentricity of its orbit is e and its perigee is r.
Determine the minimum increment of speed it should have
in order to escape the earth’s gravitational field when it is at
this point along its orbit.

SOLUTION

To escape the earth’s gravitational field, the rocket has to
make a parabolic trajectory.

ParabolicTrajectory:
[2GM,
Ve = -
To
Elliptical Orbit:
cn 1 GM
= GM, where C = r0<1 - rovﬁe> and i = ry vy

e ! 1 GM. (ro vo)?
= - v,
GMer() }’011% 0o
2
7o Vo
= (2%
‘ (GMe )
2 [
o Vo GMe (e + 1)
ES + = - - 7
GMe e 1 Vo 7o

Ay = \/2(%\4 3 \/GMe SZ +1) _ \/Gr[:f (\/ B m)

Ans.
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*13-132.

The rocket shown is originally in a circular orbit 6 Mm
above the surface of the earth.It is required that it travel
in another circular orbit having an altitude of 14 Mm.To
do this,the rocket is given a short pulse of power at A so
that it travels in free flight along the gray elliptical path
from the first orbit to the second orbit.Determine the
necessary speed it must have at A just after the power
pulse, and at the time required to get to the outer orbit
along the path AA’. What adjustment in speed must be
made at A’ to maintain the second circular orbit?

SOLUTION

_n
QGM/ryw}) — 1
r, = (14 + 6.378)(10°) = 20.378(10°Y mand ry = r, = (6 + 6.378)(10°)
= 12.378(10% m, we have

Central-Force Motion: Substitute Eq. 13-27,r, = , with

12.378(10°)
(2(66.73)(1012)[5.976(1024)]> o
12.378(10%)0%
v, = 6331.27m/s

20.378(10°%) =

Applying Eq. 13-20. we have

rp 12.378(10°)
v, = | vy, = | | (6331.27) = 3845.74 m/s
Ta 20.378(10%)

Eq.13-20 gives h = r, v, = 12.378(10°)(6331.27) = 78.368(10°) m?/s. Thus, applying
Eq.13-31, we have

T
T = Z(rp +r)Vr,r,

T
= ——[(12.378 + 20.378)(10°)]V/12.378(20.378)(10°
= 20854.54 s

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

t = g = 10427.38 s = 2.90 hr Ans.

In order for the satellite to stay in the second circular orbit, it must achieve a speed
of (Eq. 13-25)

Y — \/GMe: 66.73(10712)(5.976)(10%*)

= 4423.69 m/s = 4.42 km/s Ans.
ro 20.378(10°)

The speed for which the rocket must be increased in order to enter the second
circular orbit at A’ is

Av = v, — v, = 4423.69 — 3845.74 = 578 m/s Ans.

oMl alaiyl - dyilSall dial
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14-1.

The 20-kg crate is subjected to a force having a constant
direction and a magnitude F = 100 N. When s = 15 m, the
crate is moving to the right with a speed of 8 m/s. Determine
its speed when s = 25 m. The coefficient of kinetic friction
between the crate and the ground is uy = 0.25.

SOLUTION

Equation of Motion: Since the crate slides, the friction force developed between the
crate and its contact surface is Fy = pN = 0.25N. Applying Eq. 13-7, we have

+1SF, = ma,; N + 100 sin 30° — 20(9.81) = 20(0)

N = 1462 N

Principle of Work and Energy: The horizontal component of force F which acts
in the direction of displacement does positive work, whereas the friction force
Fy = 0.25(146.2) = 36.55 N does negative work since it acts in the opposite direction
to that of displacement. The normal reaction N, the vertical component of force F
and the weight of the crate do not displace hence do no work. Applying Eq.14-7,
we have

Tl + Eul,z = T2
25m

%(20)(82) + / 100 cos 30° ds

Sm

25 m 1
- / 36.55 ds = 5(20)1)2
1

Sm

v = 10.7 m/s Ans.

Mech.MuslimEngineer.Net
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14-2.

For protection, the barrel barrier is placed in front of the F (Ib)

bridge pier. If the relation between the force and deflection

of the barrier is F = (90(10%)x"/?) b, where x is in ft,

determine the car’s maximum penetration in the barrier.

The car has a weight of 4000 1b and it is traveling with a F =90(10)* x'/?
speed of 75 ft/s just before it hits the barrier.

x (ft)

SOLUTION = T

Principle of Work and Energy: The speed of the car just before it crashes into the
barrier is v; = 75 ft/s. The maximum penetration occurs when the car is brought to a
stop, i.e., v, = 0. Referring to the free-body diagram of the car, Fig. 2, W and N do no
work; however, F;, does negative work.

w=40001b

ol

Tl + EUI*Z = Tz

1(4000) ) { / 1
== )(75%) + | - 90(10%)x2dx | = 0
2\ 322 (759 0 (10

Xmax = 3.24 ft Ans.

zﬁ

(&)
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14-3.

The crate, which has a mass of 100 kg, is subjected to the
action of the two forces. If it is originally at rest, determine
the distance it slides in order to attain a speed of 6 m/s. The
coefficient of kinetic friction between the crate and the
surface is p; = 0.2.

SOLUTION

Equations of Motion: Since the crate slides, the friction force developed between
the crate and its contact surface is Fy = uy N = 0.2N. Applying Eq. 13-7, we have

3

+13F, = ma N + 1000(§> — 800 sin 30° — 100(9.81) = 100(0)

y;
N = 781N

Principle of Work and Energy: The horizontal components of force 800 N and

1000 N which act in the direction of displacement do positive work, whereas the

friction force Fy = 0.2(781) = 156.2 N does negative work since it acts in the

opposite direction to that of displacement. The normal reaction N, the vertical

component of 800 N and 1000 N force and the weight of the crate do not displace,

hence they do no work. Since the crate is originally at rest, 7y = 0. Applying
Eq. 14-7, we have

T] + 2(]172 = T2

4 1
0 + 800 cos 30°(s) + 1ooo(§)s 15625 = (100)(6?)

s = 1.35m Ans.

Mech.MuslimEngineer.Net
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*14-4.

The 2-kg block is subjected to a force having a constant F
direction and a magnitude F = (300/(1 + s)) N, where s is -~ ASU’
in meters. When s = 4 m, the block is moving to the left
with a speed of 8 m/s. Determine its speed when s = 12 m.
The coefficient of kinetic friction between the block and the §
ground is p;, = 0.25.

SOLUTION
+12F,=0; Nz =20981) + 150
; 1+s
203N 300
Tl + ZUI*Z = T2 —HE
i 30°
1 150 27 300 1 lﬁ ’
- 2 _ . . _ —0. + (7) o _— 2 ,
2(2)(8) 0.25[2(9.81)(12 — 4)] 025[ T+s ds [ T+s ds cos 30 2(2)(1)2) T.O-QSNQ
Ng
1+ 12 1+12
5 = 2476 — 37. + 259.
v5 = 24.76 3751n(1+4> 259811n(1+4>
v, = 154 m/s Ans.
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14-5.

When a 7-kg projectile is fired from a cannon barrel that F (MN)
has a length of 2 m, the explosive force exerted on the
projectile, while it is in the barrel, varies in the manner 15
shown. Determine the approximate muzzle velocity of the
projectile at the instant it leaves the barrel. Neglect the
effects of friction inside the barrel and assume the barrel is 10
horizontal.

5
SOLUTION

02 04 06 08 1.0 12 1.4 1.6 1.8 20 (m)
The work done is measured as the area under the force-displacement curve. This

area is approximately 31.5 squares. Since each square has an area of 2.5 (106)(0.2), 3
—

Tl + EUl—Z = Tz

0+ [(31.5)(2.5)(10°)(02)] = %(7)(1)2)2 F —D

v, = 2121 m/s = 2.12 km/s (approx.) Ans.
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14-6.

The spring in the toy gun has an unstretched length of
100 mm. It is compressed and locked in the position shown.
When the trigger is pulled, the spring unstretches 12.5 mm,
and the 20-g ball moves along the barrel. Determine the
speed of the ball when it leaves the gun. Neglect friction.

SOLUTION

Principle of Work and Energy: Referring to the free-body diagram of the
ball bearing shown in Fig. a, notice that F, does positive work. The spring
has an initial and final compression of s; =0.1 —0.05=0.05m and
s = 0.1 — (0.05 + 0.0125) = 0.0375 m.

Tl + EUl—Z = T2
1 1 1
0+ |:2ks122ks22:| ZEmVAZ

0+ B (2000)(0.05)2 — ;(2000)(0.03752)} = %(002)7%2

vy = 10.5m/s Ans.

oMl alaiyl - dyilSall dial
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14-7.

As indicated by the derivation, the principle of work and A

energy is valid for observers in any inertial reference frame. o
Show that this is so, by considering the 10-kg block which B, ¥
rests on the smooth surface and is subjected to a horizontal —

force of 6 N. If observer A is in a fixed frame x, determine the
final speed of the block if it has an initial speed of 5 m/s and
travels 10 m, both directed to the right and measured from
the fixed frame. Compare the result with that obtained by an
observer B, attached to the x’ axis and moving at a constant
velocity of 2 m/s relative to A. Hint: The distance the block
travels will first have to be computed for observer B before
applying the principle of work and energy.

10 m |
SOLUTION
Observer A:
T+ 22U, ,=T,
1 ) 1 2
5A0)(5)* + 6(10) = S(10)23
v, = 6.08m/s Ans.
Observer B:
F = ma
6=10a a=06m/s
(5)  s=sn+u+ e 10 (981N
|
10=0+ 5+ %(0.6)t2 “N ‘
—
£+ 16.67t — 3333 = 0 i
t=1.805s T o

Atv =2m/s, s’ = 2(1.805) = 3.609 m
Block moves 10 — 3.609 = 6.391 m

Thus

Tl + EUl*Z = TZ
1 2 1 2
S0)3) + 6(6.391) = (10)v3

v, = 4.08 m/s Ans.

Note that this result is 2 m/s less than that observed by A.
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*14-8.

If the 50-kg crate is subjected to a force of P = 200 N,
determine its speed when it has traveled 15 m starting from
rest. The coefficient of kinetic friction between the crate
and the ground is u; = 0.3.

SOLUTION

Free-Body Diagram: Referring to the free-body diagram of the crate, Fig. a,

+1F, = ma N — 50(9.81) = 50(0) N = 490.5N

y;
Thus, the frictional force acting on the crate is Fy = w, N = 0.3(490.5) = 147.15 N.

Principle of Work and Energy: Referring to Fig. a,only P and F; do work. The work of
P will be positive, whereas F, does negative work.

Tl + EU1,2 = T2
1
0 + 200(15) — 147.15(15) = 5 (50)?
v = 5.63m/s Ans.

oMl alaiyl - dyilSall dial

W=50(9.81) N

,' p=200N

g_ =0:3N

(@)



14-9.

If the 50-kg crate starts from rest and attains a speed of g P
6 m/s when it has traveled a distance of 15 m, determine the

force P acting on the crate. The coefficient of kinetic friction
between the crate and the ground is w;, = 0.3.

SOLUTION

Free-Body Diagram: Referring to the free-body diagram of the crate, Fig. a,

+TFy = may; N — 50(9.81) = 50(0) N = 4905 N W:;@(?@[)N

Thus, the frictional force acting on the crate is Fy = w, N = 0.3(490.5) = 147.15 N.

Principle of Work and Energy: Referring to Fig. a,only P and F; do work. The work of

P will be positive, whereas F, does negative work. \\ M——ﬁ

T+ 2U,,=T,
0 + P(15) — 147.15(15) = %(50)(62) fj:a-,m I
N

P =207N Ans.
(@
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14-10.

The 2-Mg car has a velocity of »; = 100km/h when the v; = 100 km/h
driver sees an obstacle in front of the car. If it takes 0.75 s for
him to react and lock the brakes, causing the car to skid,
determine the distance the car travels before it stops. The
coefficient of kinetic friction between the tires and the road
iS Mr = 025

SOLUTION

Free-Body Diagram: The normal reaction N on the car can be determined by
writing the equation of motion along the y axis. By referring to the free-body
diagram of the car, Fig. a,

+13F, = ma N — 2000(9.81) = 2000(0) N =19620N

s

Since the car skids, the frictional force acting on the car is
Fy = uN = 0.25(19620) = 4905N.

Principle of Work and Energy: By referring to Fig. a, notice that only Fy does work,

1h
which is negative. The initial speed of the car is v; = {100(103) %}(3600 s) =

27.78 m/s. Here, the skidding distance of the car is denoted as s'.
T] + 2U172 = T2
1
5(2000)(27.782) + (—49055") = 0
s' =15731m

The distance traveled by the car during the reaction time is
s" = vt = 27.78(0.75) = 20.83 m. Thus, the total distance traveled by the car
before it stops is

s=g" + 5" =157.31 + 20.83 = 178.14m = 178 m Ans.
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14-11.

The 2-Mg car has a velocity of v; = 100km/h when the
driver sees an obstacle in front of the car. It takes 0.75 s for
him to react and lock the brakes, causing the car to skid. If
the car stops when it has traveled a distance of 175 m,

v, = 100 km/h
e ———

determine the coefficient of kinetic friction between the
tires and the road.

SOLUTION

Free-Body Diagram: The normal reaction N on the car can be determined by
writing the equation of motion along the y axis and referring to the free-body
diagram of the car, Fig. a,

+13F, = may; N — 2000(9.81) = 2000(0) N =19620N

Since the car skids, the frictional force acting on the car can be computed from

Principle of Work and Energy: By referring to Fig. a, notice that only F; does work,

1h
which is negative. The initial speed of the car is v; = {100(103) %K 3 6005) =

27.78 m/s. Here, the skidding distance of the car is s'.
Tl + EUI*Z = Tz
1
5 (2000)(27.78%) + [ —ui(19 620)s’| = 0

o = 39.327
Mk

The distance traveled by the car during the reaction time is
s" = vt = 27.78(0.75) = 20.83 m. Thus, the total distance traveled by the car
before it stops is

s=s"+s"
32
175 = 39327 + 20.83
Mk
e = 0.255 Ans.
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*14-12.

Design considerations for the bumper B on the 5-Mg train
car require use of a nonlinear spring having the load-
deflection characteristics shown in the graph. Select the
proper value of k so that the maximum deflection of the
spring is limited to 0.2 m when the car, traveling at 4 m/s,
strikes the rigid stop. Neglect the mass of the car wheels.

SOLUTION
0.2
%(5000)(4)2— A ks>ds = 0

0.2)° _

40000 — k
3

0

k = 15.0 MN/m?

5(10%(9.81) N

Ans. F
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14-13.

The 2-1b brick slides down a smooth roof, such that when it
is at A it has a velocity of 5 ft/s. Determine the speed of the
brick just before it leaves the surface at B, the distance d
from the wall to where it strikes the ground, and the speed
at which it hits the ground.

SOLUTION
TA + EUAfB = TB

L2 )or 209 = (25 )

vg = 31.48 ft/s = 31.5ft/s

(i>) s =S8y + vt

d=0+ 31.48(%)t

+1 s=s0+v0t—lacl2
( 2

3

1
30=0+ 31.48<5>t + 5(32.2)t2

16.12 + 18.888t — 30 = 0

Solving for the positive root,

t = 0.89916 s

4
d= 31.48<§)(0.89916) =226t
TA + EUA*C = TC

%(é)(sf +2(45) = %(%)v%

ve = 54.1 ft/s

15

30 ft

Ans.

Ans.
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14-14.

If the cord is subjected to a constant force of F = 300 N
and the 15-kg smooth collar starts from rest at A, determine
the velocity of the collar when it reaches point B. Neglect
the size of the pulley.

SOLUTION

Free-Body Diagram: The free-body diagram of the collar and cord system at an
arbitrary position is shown in Fig. a.

Principle of Work and Energy: Referring to Fig. a, only N does no work since it
always acts perpendicular to the motion. When the collar moves from position A to
position B, W displaces vertically upward a distance # = (0.3 + 0.2) m = 0.5 m,

while force F displaces a distance of s= AC — BC = V0.77 + 0.4* —

V0.22 + 0.22 = 0.5234 m. Here, the work of F is positive, whereas W does
negative work.

Th+ 2Us-p=Ts
0 + 300(0.5234) + [—15(9.81)(0.5)] = %(15)1)32
vg = 3.335m/s = 3.34 m/s Ans.

W= 15G8pN F=300N

@)
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14-15.

The crash cushion for a highway barrier consists of a nest of
barrels filled with an impact-absorbing material. The barrier
stopping force is measured versus the vehicle penetration
into the barrier. Determine the distance a car having a
weight of 4000 Ib will penetrate the barrier if it is originally
traveling at 55 ft/s when it strikes the first barrel.

SOLUTION
Tl + ZUl,Z = T2

1 (4000
2

—— )(55)% — Area = 0
322(

Area = 187.89 kip - ft

209) + (5 = 2)(18) + x(27) = 187.89
x=4291ft < (15 - 5) ft

Thus

s =51t +429ft =929 ft

(98]
(o)}

a

=)

Q

2 27

L

on

=

‘| 18

a

2

g 9

bl

3

/M ol

2 5 10 15 20 25
Vehicle penetration (ft)
(0O.K!)
40001p
e e
Ans. TN
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*14-16.

Determine the velocity of the 60-1b block A if the two
blocks are released from rest and the 40-1b block B moves
2 ft up the incline. The coefficient of kinetic friction
between both blocks and the inclined planes is u;, = 0.10.

SOLUTION
Block A:
+N2IF, = may; N4 — 60 cos 60° =0
_ SN
N4 =301b 6?°
F,=0.1(30) =31b
Lolb
Block B: o
o zT
+/72F, = may; Np —40cos30° =0
F
Ny = 34.641b 4
N,
Fp = 0.1(34.64) = 3.464 1b A
Use the system of both blocks. N ;, N, T, and R do no work.
Tl + EUI*Z = TZ .»r 40}6
(0 + 0) + 60 sin 60°|As 4| — 40 sin 30°|Asg| — 3|As 4| —3.464|Asg| = 1<ﬂ)v2 + 1(ﬂ>v2 2
4 5 AL Bo\322) ™ 2\322)7"
2SA + Sp = !
A
2ASA = _ASB NB g
When |Asg| = 2 ft,|As,| = 11t
Also,
ZUA = —Vp —r
2
Substituting and solving,
vy = 0.771 ft/s Ans.

vg = —1.54 ft/s

oMl alaiyl - dyilSall dial



14-17.

If the cord is subjected to a constant force of /' = 30 Ib and
the smooth 10-Ib collar starts from rest at A, determine its
speed when it passes point B. Neglect the size of pulley C.

F=301b
A y
X
SOLUTION |
‘kl ft— 3 ft 2 ft—
Free-Body Diagram: The free-body diagram of the collar and cord system at an
arbitrary position is shown in Fig. a.
Principle of Work and Energy: By referring to Fig. a, only N does no work since it W=101b
always acts perpendicular to the motion. When the collar moves from position A to
position B, W displaces upward through a distance & = 4.5 ft, while force F displaces a
distance of s = AC — BC = V6% + 4.5 — 2 = 5.5 ft. The work of F is positive,
whereas W does negative work.
Ty+ 22Uy p=Tg N
0 + 30(5.5) + [-10(4.5)] = ] <£>v ?
' ' 2\322/)"" F=301b
(@
vg = 27.8 ft/s Ans.
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14-18.

The two blocks A and B have weights W, = 601b and
W = 10 1b. If the kinetic coefficient of friction between the
incline and block A is u;, = 0.2, determine the speed of A
after it moves 3 ft down the plane starting from rest. Neglect
the mass of the cord and pulleys.

SOLUTION

Kinematics: The speed of the block A and B can be related by using position
coordinate equation.

SA+(SA7SB):I ZSAfsB:[
ZASA - ASB =0 ASB = 2ASA = 2(3) =06 ft
204 —vp =0 (€))

Equation of Motion: Applying Eq. 13-7, we have

4 60
+ , = L. — ) = = .
SF, =may; N 60( 5) 5, N =4801b

Principle of Work and Energy: By considering the whole system, W 4 which acts in
the direction of the displacement does positive work. W and the friction force
Fy = uN = 0.2(48.0) = 9.60 Ib does negative work since they act in the opposite
direction to that of displacement Here, W , is being displaced vertically (downward)

3
gAs 4 and Wy is being displaced vertically (upward) Asp. Since blocks A and B are
at rest initially, 7y = 0. Applying Eq. 14-7, we have

Tl + EUl—Z = T2

3 1 1
0+ WA<ASA> — FfASA — WBASB = 71”’%41)%4 + “mp ’U%;

5 2 2
3 160\, 1[10),
- — 0. — = + —
60[5 (3)} 9.60(3) — 10(6) 2<32.2>vf, 2<32.2>v3
1236.48 = 60v% + 100% Q?)

Egs. (1) and (2) yields
vy = 3.52ft/s Ans.

v = 7.033 ft/s

oMl alaiyl - dyilSall dial




14-19.

If the 10-Ib block passes point A on the smooth track with a
speed of v, = 5 ft/s, determine the normal reaction on the

block when it reaches point B.

SOLUTION

Free-Body Diagram: The free-body diagram of the block at an arbitrary position is

shown in Fig. a.

Principle of Work and Energy: Referring to Fig. a, N does no work since it always
acts perpendicular to the motion. When the block slides down the track from
position A to position B, W displaces vertically downward 4 = 8 ft and does positive n

work.

Th+ 2Up-p=Tg

1/10 Y, 1710 ,
i + -

2 (32.2)(5 )+ 1068) =3 (32.2)”3
vg = 23.24 ft/s

2

v . .
Equation of Motion: Here, a, = —. By referring to Fig. a,
P

10 2
>F, = may; N — 10cosf = (7)(1,*)

322/\ p
N = ﬂ(f) + 10 cos 0
322\ p 08
1 d’ 1
Geometry: Here, d—i} =16 and dix)zj =16

d
makes with the horizontal is 3 = tan 71((%)
y

x=0

curvature of the track at position B

dy\? PP~ 1 \2 P32

. + J—

[1 + (dx> ] 1 1 6x
= = = 16 ft
PB dzy ‘i
dx2 16 x=0

Substituting § = 0z = 0°, v = v = 23.24 ft/s,and p = pp = 16 ft into Eq. (1),

10 {23.242

= + o _ .
B= 355 16} 10 cos 0 20.51b

(@)

@

. The slope that the track at position B

= tan ~'(0) = 0°.The radius of

Ans.
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*14-20.

The steel ingot has a mass of 1800 kg. It travels along the
conveyor at a speed v = 0.5 m/s when it collides with the
“nested” spring assembly. Determine the maximum < 0.45m
deflection in each spring needed to stop the motion of the ks Ky

ingot. Take k4 = 5 kN/m, kg = 3 kN/m.

SOLUTION B
Assume both springs compress
w
T] + EU],Q = Tz
6 -]
1 , 1 , 1 5 0
5(1800)(0.5) - 5(5000)5‘ - 5(3000)(s - 0057 =0 N,

225 — 2500 s> — 1500(s*> — 0.1 s + 0.0025) = 0

s* — 0.0375 s — 0.05531 = 0

s = 0.2547m > 0.05m (OK!)
sy = 0255 m Ans.
sg = 0.205m Ans.

oMl alaiyl - dyilSall dial



14-21.

The steel ingot has a mass of 1800 kg. It travels along the
conveyor at a speed v = 0.5 m/s when it collides with the
“nested” spring assembly. If the stiffness of the outer spring
is k4, = 5 kN/m, determine the required stiffness kg of the
inner spring so that the motion of the ingot is stopped at
the moment the front, C, of the ingot is 0.3 m from the wall.

SOLUTION B

Tl + EUl*Z = T2

1 1 1 ﬁ "”t?s’l)ﬂ
5(1800)(0.5)2 - 5(5000)(0'5 -03)> - 5 (kp)(0.45 — 03)*> =0 __qF

kp = 11.1 kN/m Ans. Ny
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14-22.

The 25-1b block has an initial speed of v, = 10 ft/s when it

is midway between springs A and B. After striking spring B, ky =10 Ib/in.

it rebounds and slides across the horizontal plane toward
spring A, etc. If the coefficient of kinetic friction between
the plane and the block is u; = 0.4, determine the total

\_/

2 ft

1ft——

—> vy = 10 ft/s

kg = 60 Ib/in.

distance traveled by the block before it comes to rest.

SOLUTION

Principle of Work and Energy: Here, the friction force Fy = u N = 0.4(25) =
10.0 Ib. Since the friction force is always opposite the motion, it does negative work.
When the block strikes spring B and stops momentarily, the spring force does
negative work since it acts in the opposite direction to that of displacement.
Applying Eq. 14-7, we have

T] + EUl—Z = T2

1/ 25 ) 1 R
— = — + - =
2( ) 2) (10)° = 10(1 + 51) = 5 (60)s = 0

s, = 0.8275 ft

Assume the block bounces back and stops without striking spring A. The spring
force does positive work since it acts in the direction of displacement. Applying
Eq. 14-7, we have

T2 + EU2_3 = T3
1
0+ (60)(0.8275%) — 10(0.8275 + 5,) = 0

s, = 1.227 ft

Since s, = 1.227 ft < 2 ft, the block stops before it strikes spring A. Therefore, the
above assumption was correct. Thus, the total distance traveled by the block before
it stops is

STot = 281 + 55 + 1 = 2(0.8275) + 1.227 + 1 = 3.88 1t Ans.
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14-23.

The train car has a mass of 10 Mg and is traveling at 5 m/s
when it reaches A. If the rolling resistance is 1/100 of the
weight of the car, determine the compression of each spring

when the car is momentarily brought to rest.

SOLUTION

Free-Body Diagram: The free-body diagram of the train in contact with the spring

1
is shown in Fig. a. Here, the rolling resistance is F, = 100 [10 000(9.81)] = 981 N.

The compression of springs 1 and 2 at the instant the train is momentarily at rest
will be denoted as s; and s,. Thus, the force developed in springs 1 and 2 are

(Fsp)l = ks, = 300(10%)s, and (Fsp>2 = 500(10%)s,. Since action is equal to
reaction,

(Fsp)l = (FSP)Z
300(10%)s; = 500(10%)s,
§1 = 16667S2

Principle of Work and Energy: Referring to Fig. a, W and N do no work, and F,, and
F, do negative work.

T+ 2U,=T,
1
(10000)(5%) + [~981(30 + s + 5)] +
{—1[300(103)}s 2} + {—1[500(103)}s2} =0
2 ! 2 2
150(10%)s,% + 250(10%)s;2 + 981(s; + s5) — 95570 = 0

Substituting Eq. (1) into Eq. (2),
666.67(10%)s,2 + 26165, — 95570 = 0

Solving for the positive root of the above equation,

s, = 0.3767m = 0.377 m

Substituting the result of s, into Eq. (1),
s1 = 0.6278 m = 0.628 m Ans.

Mech.MuslimEngineer.Net
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*14-24.

The 0.5-kg ball is fired up the smooth vertical circular track
using the spring plunger. The plunger keeps the spring
compressed 0.08 m when s = 0. Determine how far s it must
be pulled back and released so that the ball will begin to
leave the track when 6 = 135°.

SOLUTION
Equations of Motion:
— . o _ L% 2 _ 2/2
2F, = may; 0.5(9.81) cos 45° = 0.5 15 vg = 10.41 m?/s k = 500 N/m

Principle of Work and Energy: Here, the weight of the ball is being displaced
vertically by s = 1.5 + 1.5sin 45° = 2.561 m and so it does negative work. The
spring force, given by Fg, = 500(s + 0.08), does positive work. Since the ball is at ¢ 058N

rest initially, 7y = 0. Applying Eq. 14-7, we have \ 45 /4=
Iy /

;

h.

TAJF EUA*B:TB

0+ / S500(s + 0.08) ds — 0.5(9.81)(2.561) = %(0.5)(10.41)
0

s = 0.1789 m = 179 mm Ans.
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14-25.

The skier starts from rest at A and travels down the ramp. If
friction and air resistance can be neglected, determine his
speed vy when he reaches B. Also, find the distance s to
where he strikes the ground at C, if he makes the jump
traveling horizontally at B. Neglect the skier’s size. He has a

mass of 70 kg.

SOLUTION

TA+ EUA*B:TB

0 + 70(9.81)(46) = %(70)@3)2

vg = 30.04 m/s = 30.0 m/s
(i>> s =590+ vyt

s cos 30° = 0 + 30.04¢

+1 s=s0+vol+lactz
( >

1
ssin30° +4=0+0+ 5(9.81)r2

Eliminating ¢,

s° — 122.67s — 98133 = 0

Solving for the positive root

s =130 m

Ans.

Ans.
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14-26.

The catapulting mechanism is used to propel the 10-kg
slider A to the right along the smooth track. The propelling
action is obtained by drawing the pulley attached to rod BC
rapidly to the left by means of a piston P. If the piston
applies a constant force F' = 20 kN to rod BC such that it
moves it 0.2 m, determine the speed attained by the slider if
it was originally at rest. Neglect the mass of the pulleys,
cable, piston, and rod BC.

SOLUTION

2SC+SA:l qgl
3
DAse+ Asy =0 t__’l_“‘)T —> 10(10DN
Na

2(02) = —Asy

—04 = Asy
Sa
T] + EUl_z = Tz }@——_.1
. :H}_f
0 + (10 000)(0.4) = 5(10)(%)2 , l
R
vy = 283 m/s Ans.
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14-27.

Block A has a weight of 60 1b and B has a weight of 10 Ib.
Determine the distance A must descend from rest before it
obtains a speed of 8 ft/s. Also, what is the tension in the
cord supporting A? Neglect the mass of the cord and

pulleys.

SOLUTION

254 + 55 =1

2As5, = — Asp

2v4 = —vp

For v, = 8 ft/s, vg = —16 ft/s
For the system:

T, + 22U ,=T,

60

[0 + 0] + [60(s4) — 10(2s4)] = %(32'2)(8)2 +

sS4 = 2484 = 2.48ft

For block A:

T] + EU],Z = Tz

0 + 60(2.484) — T,(2.484) = %(%)(8)2

T, =3601b

%(%)(—16)2

Ans.

Ans.
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*14-28.

The cyclist travels to point A, pedaling until he reaches a
speed v, = 4m/s. He then coasts freely up the curved
surface. Determine how high he reaches up the surface
before he comes to a stop. Also, what are the resultant normal
force on the surface at this point and his acceleration? The
total mass of the bike and man is 75 kg. Neglect friction, the
mass of the wheels, and the size of the bicycle.

SOLUTION
x%+y%=2
~x72 L 7%dy:0

+77
2T Y Tk

T] + EU],Q = T2
%(75)(4)2 —7509.81)(y) = 0

y =0.81549m = 0.815m

x'2 + (0.81549)2 = 2

x = 12033 m
dy  —(1.2033)71/?

tanf = — = ———— " = —(.82323
dx  (0.81549)71/?

6 = —39.46°

J+3F, =ma,; N, — 9.81(75) cos 39.46° = 0
N, = 568 N
+N\F, = may; 75(9.81) sin 39.46° = 75 a,

a=a,=623m/s’

y
+——C
K24 yl 2=9
4 m
B y=x
45° A C@)
X
4 m 1
2519.8ON
39.46°
Mb
Ans.
Ans.
Ans.
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14-29.

The collar has a mass of 20 kg and slides along the smooth
rod. Two springs are attached to it and the ends of the rod as
shown. If each spring has an uncompressed length of 1 m
and the collar has a speed of 2 m/s when s = 0, determine
the maximum compression of each spring due to the back-
and-forth (oscillating) motion of the collar.

SOLUTION
Tl + ZUl*Z = T2

S0 = 206 — S100))” = 0

s = 0.730 m Ans.

Mech.MuslimEngineer.Net

]

k4 =50 N/m kg =100 N/m
Im 1m
0.25m
2e(4.INN
¥ [g i
N,



14-30.

The 30-1b box A is released from rest and slides down along

the smooth ramp and onto the surface of a cart. If the cart ‘

is prevented from moving determine the distance s from the s ﬂ

end of the cart to where the box stops. The coefficient of

4 ft

kinetic friction between the cart and the box is u;, = 0.6. g

SOLUTION

Principle of Work and Energy: W , which acts in the direction of the vertical
displacement does positive work when the block displaces 4 ft vertically. The friction
force Fy = N = 0.6(30) = 18.01b does negative work since it acts in the
opposite direction to that of displacement Since the block is at rest initially and is
required to stop, 74 = T¢ = 0. Applying Eq. 14-7, we have

TA + EUA—C = TC
0+ 30(4) —18.0s" =0 s = 6.667 ft

Thus, s =10 — s' = 333 ft Ans.
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14-31.

Marbles having a mass of 5 g are dropped from rest at A through _eA
the smooth glass tube and accumulate in the can at C. Determine
the placement R of the can from the end of the tube and the
speed at which the marbles fall into the can. Neglect the size g 3
of the can.
3m
@

2m
SOLUTION c
TA + > UA*B = TB ! [m-l

1 \ R l
0 + [0.005(9.81)(3 — 2)] = E(0.00S)V%
vp = 4.429 m/s 0.005(9 §))N
(+l) s=s0+?)0t+la t2
2 c

1
2=0+0= 5(9.81):2

t = 0.6386's
<—'t>) s =S8y T vyt
R =0 + 4.429(0.6386) = 2.83 m Ans.

TA + E UA—C = T]
1
0+ [0.0059.81)(3) = (0.005)v

ve = 7.67m/s Ans.
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*14-32.

The cyclist travels to point A, pedaling until he reaches a y
speed v, = 8 m/s. He then coasts freely up the curved
surface. Determine the normal force he exerts on the
surface when he reaches point B. The total mass of the bike T 1€
and man is 75 kg. Neglect friction, the mass of the wheels,
and the size of the bicycle. X2 yl2=2
4m
B y=x
SOLUTION i A R
X
1 1
X2+ y2 = 2
Y 4m 1
1 1 1 1 dy
—x 24+ —y2 ==
2 T
d 1 75(13ON
LTy = )12 7 \us®
x oy
N A
Fory = x, N
1 ¢ \.\ as
2x2=2
x =1,y = 1 (Point B)
Thus,
dy
tanf = = -1
an I
0 = —45°
dy NN
— = (- 2 2
o= (o)
=) -G ()
ac T\2" P2V Nax
d2y 1. (1)
_— = -2 _l’_ — —
a2 T2\
Forx =y =1
dy d*y _q
de 7 dd
1+ ()72
Tl + EU1,2 = T2
1 2 1 2
SOHE? = 75081)(1) = (75)(v)
vp = 44.38
44.38
/+2F, = ma,; Np — 9.81(75) cos 45° = 75(2.828)
Np = 1.70 kN Ans.
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14-33.

The man at the window A wishes to throw the 30-kg sack on
the ground. To do this he allows it to swing from rest at B to
point C, when he releases the cord at § = 30°. Determine
the speed at which it strikes the ground and the distance R.

SOLUTION

Ty + SUg_c = T¢

0 + 30(9.81)8 cos 30° = %(30)1%
ve = 11.659 m/s

Ty + Uy p=Tp

0 + 30(9.81)(16) = %(30) vh

vp = 17.7m/s

During free flight:

(+1)s = sy + vt + %actz

16 = 8 cos 30° — 11.659 sin 30°t + %(9.81)t2

£ — 1.18848 ¢t — 1.8495 = 0

Solving for the positive root:
t=2.0784s

(B)s=sy+ vyt

s = 8sin 30° + 11.659 cos 30°(2.0784)

s =24985m

Thus,

R =8+ 24985 =33.0m

Also,

(vp)y = 11.659 cos 30° = 10.097 m/s

(+1) (vp), = —11.659 sin 30° + 9.81(2.0784) = 14.559 m/s

vp = V(10.097)? + (14.559)> = 7.7 m/s

8 m

8 m

16 m
C
D
| R |

T

30(9.81)N
Ans.
Ans.
Ans.
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14-34.

The spring bumper is used to arrest the motion of the
4-1b block, which is sliding toward it at v = 9 ft/s. As
shown, the spring is confined by the plate P and wall using
cables so that its length is 1.5 ft. If the stiffness of the
spring is k = 50 1b/ft, determine the required unstretched
length of the spring so that the plate is not displaced more
than 0.2 ft after the block collides into it. Neglect friction,
the mass of the plate and spring, and the energy loss
between the plate and block during the collision.

SOLUTION
T+ 22U, =T,
%<3;—2> 9 - B(SO)(S ~ 13 - (50)(s — 15| = 0

020124 = s> — 2.60 s + 1.69 — (s> — 3.0 s + 2.25)
0.20124 = 0.4 s — 0.560

s = 1.90 ft

Va

— K
1.5 ft.—! 5 ft. |

b

+
R
:N

Ans.
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14-35.

The collar has a mass of 20 kg and is supported on the
smooth rod. The attached springs are undeformed when
d = 0.5m. Determine the speed of the collar after the
applied force F = 100 N causes it to be displaced so that
d = 0.3 m. When d = 0.5 m the collar is at rest.

SOLUTION
Tl + EUI*Z = T2

k=25N/m

;%“%

1
0+ 1005in 60°(0.5 — 0.3) + 196.2(05 — 03) —  (15)(05 — 0.3
Fy

1 2 1 2
— 5 (25)(05 ~ 03 = (2002 19928 loon
60°

Y

ve = 236 m/s Ans.
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*14-36.

If the force exerted by the motor M on the cable is 250 N,
determine the speed of the 100-kg crate when it is hoisted
to s = 3 m.The crate is at rest when s = 0.

SOLUTION

Kinematics: Expressing the length of the cable in terms of position coordinates s and
sp referring to Fig. a,

3SC + (SC - Sp) =1
4SC_Sp:l (1)

Using Eq. (1), the change in position of the crate and point P on the cable can be
written as

(+1)  4Asc — Asp=0
Here, Asc = —3 m.Thus,
(+1) 4(-3) — Asp =0 As,=-12m=12m

Principle of Work and Energy: Referring to the free-body diagram of the pulley
system, Fig. b, F; and F, do no work since it acts at the support; however, T does
positive work and W does negative work.

T] + EUI—Z = T2

1
0+ TASP + [_WcASC] = Emc’vz

0 + 250(12) + [~100(9.81)(3)] = %(100)1)2

v =1.07m/s Ans.

oMl alaiyl - dyilSall dial
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14-37.

If the track is to be designed so that the passengers of the
roller coaster do not experience a normal force equal to
zero or more than 4 times their weight, determine the
limiting heights %4 and /¢ so that this does not occur. The
roller coaster starts from rest at position A. Neglect friction.

SOLUTION

Free-Body Diagram:The free-body diagram of the passenger at positions B and C
are shown in Figs. a and b, respectively.

2
v . . .

Equations of Motion: Here, a, = —. The requirement at position B is that
p

Np = 4mg. By referring to Fig. a,

V32
+13F, = may; 4dmg —mg = m 15
vp? = 45g

At position C, N is required to be zero. By referring to Fig. b,

’Ucz
+|l2F, = ma,; mg—0=m<20>

ve? = 20g
Principle of Work and Energy: The normal reaction N does no work since it always
acts perpendicular to the motion. When the rollercoaster moves from position A
to B, W displaces vertically downward /# = h 4 and does positive work.
We have
TA + EUA*B = TB

1
0+ mghy = 5m(45g)

hy=225m Ans.

When the rollercoaster moves from position A to C, W displaces vertically
downward h = hy — he = (22.5 — he) m.

TA + EUA*B = TB
1
0+ mg(22.5 — he) = Em(ZOg)

he = 125m Ans.

Mech.MuslimEngineer.Net
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14-38.

The 150-1b skater passes point A with a speed of 6ft/s.
Determine his speed when he reaches point B and the
normal force exerted on him by the track at this point.
Neglect friction.

y
/gf/L—A—
B
20 ft

SOLUTION

Free-Body Diagram:The free-body diagram of the skater at an arbitrary position is
shown in Fig. a.

Principleof Work and Energy: By referring to Fig. a, notice that N does no work since it
always acts perpendicular to the motion. When the skier slides down the track from A
to B, W displaces vertically downward & = y, — yz = 20 — [2(25)"2] = 10 ft and
does positive work.

TA + EUA*B:TB

1150, , 1150

{22 )(6) + [150010)] = 5 | 222 |vs?

2 (32.2>(6 )+ [1s000)] =3 <32.2>VB

vg = 26.08 ft/s = 26.1 ft/s Ans.

2
v . .
Equations of Motion:Here, a, = —. By referring to Fig. a,
p

150 (*
N+2F, = ma,; 150 cos® — N = ﬁ(;)
150 vz)
N = 150 cos 6 32.2(p 1
d 1 d? 1
Geometry: Here, y = 2x '/ Do and Yo - The slope that the

Tdx V2 dx? 2532

d
track at position B makes with the horizontal is 6 = tan™! (d7§>

B 1
= tan ﬁ

x=25ft

= 11.31°. The radius of curvature of the track at position B is

x=25 ft
given by
32
dy\? 2 1+ R ?
1+ (?) x1/2
X
Pp = = = 265.15ft
T e i
dxz 2x3/2
x=251t

Substituting 6 = 05 = 11.31°, v = vg = 26.08 ft/s, and p = pp = 265.15ft into
Eq. (1),

. 150 (26.08
Npg = 150 cos 11.31° — 32 <265.15>

=1351b Ans.
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14-39.

The 8-kg cylinder A and 3-kg cylinder B are released from

rest. Determine the speed of A after it has moved 2 m
starting from rest. Neglect the mass of the cord and pulleys.

SOLUTION
Kinematics: Express the length of cord in terms of position coordinates s 4 and sz by
referring to Fig. a A
2s A + s B — / (1)
B
Thus
ZASAJF ASBZO (2)

If we assume that cylinder A is moving downward through a distance of As, = 2 m,
Eq. (2) gives

(+1) 2+ Asg=0 Asp=—4m=4m1

Taking the time derivative of Eq. (1),

(+1) 20, +0v5=0 3)
2T+ 2U i, = 2T,
1 > 1 2
0 + 8(2)9.81 — 3(4)9.81 = E(S)DA + 5(3)1)5
Positive net work on left means assumption of A moving down is correct. Since
Vp = _2'UA,
vy =198m/s | Ans.

vp = —3.96m/s = 3.96m/s |

h5=453 =4m

'UA ’

€)) Datum
@)
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*14-40.

Cylinder A has a mass of 3 kg and cylinder B has a mass of
8 kg. Determine the speed of A after it moves upwards 2 m
starting from rest. Neglect the mass of the cord and pulleys.

SOLUTION
2T+ QU= 2T, h

0 + 2[F, — 3(9.81)] + 4[8(9.81) — F,] = %(3)1;3, + %(8)1)23

Also, vy = 2v4, and because the pulleys are massless, F; = 2F,. The F; and F,
terms drop out and the work-energy equation reduces to

255.06 = 17.5v
A ANANAN

vy = 3.82m/s Ans.

E{l T Sy=25,

3(9.81)N

8(981) N

oMl alaiyl - dyilSall dial



14-41.

A 2-1b block rests on the smooth semicylindrical surface. An
elastic cord having a stiffness k = 2 Ib/ft is attached to the
block at B and to the base of the semicylinder at point C. If
the block is released from rest at A (6§ = 0°), determine the
unstretched length of the cord so that the block begins to
leave the semicylinder at the instant # = 45°. Neglect the
size of the block.

SOLUTION

+/>F, = ma,; 2 in45°—i<£>
" " s 322\15

v = 5.844 ft/s

Tl + EUl—Z = Tz

2
0+ %(2)[77(1.5) — 10}2 - %(2)[37“ (15) — zo} — 2(1.5sin 45°) =

N[ =

(é)(s.wf

ly = 2.77 ft Ans.

Mech.MuslimEngineer.Net
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14-42.

The jeep has a weight of 2500 Ib and an engine which
transmits a power of 100 hp to all the wheels. Assuming the
wheels do not slip on the ground, determine the angle 6 of
the largest incline the jeep can climb at a constant speed
v = 30 ft/s.

SOLUTION
P=F
100(550) = 2500 sin 6(30)

0 =472°

Ans.

oMl alaiyl - dyilSall dial



14-43.

Determine the power input for a motor necessary to lift 300 Ib
at a constant rate of 5 ft/s. The efficiency of the motor is
e = 0.65.

SOLUTION

Power: The power output can be obtained using Eq. 14-10.

P =TF-v=300(5) = 1500 ft-Ib/s
Using Eq. 14-11, the required power input for the motor to provide the above
power output is

. power output
power mput = —————
€

1
= % = 2307.7ft-1b/s = 4.20 hp Ans.

Mech.MuslimEngineer.Net



*14-44.

An automobile having a mass of 2 Mg travels up a 7° slope
at a constant speed of v = 100 km/h. If mechanical friction
and wind resistance are neglected, determine the power
developed by the engine if the automobile has an efficiency
€ = 0.65.

SOLUTION

Equation of Motion: The force F which is required to maintain the car’s constant
speed up the slope must be determined first.

+3F, = may;  F — 2(10%)(9.81) sin 7° = 2(10%)(0)

F =2391.08 N

Power: Here, the speed of the car is v =

100(10%) m y ( 1h
h 3600 s
The power output can be obtained using Eq. 14-10.

) = 27.78 m/s.

P = F-v = 2391.08(27.78) = 66.418(10%) W = 66.418 kW

Using Eq. 14-11, the required power input from the engine to provide the above
power output is

. power output
power mput = —————
€

66.418
= 065 102 kW Ans.

oMl alaiyl - dyilSall dial
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14-45.

The Milkin Aircraft Co. manufactures a turbojet engine that
is placed in a plane having a weight of 13000 Ib. If the engine
develops a constant thrust of 5200 1b, determine the power
output of the plane when it is just ready to take off with a

speed of 600 mi/h.

SOLUTION

At 600 ms/h.

P*5200600(88ﬁ/s)L*832 10°) h A
= 52006000 G/ J550 = 832 (100 bp ns-

Mech.MuslimEngineer.Net



14-46.

To dramatize the loss of energy in an automobile, consider a
car having a weight of 5000 1b that is traveling at 35 mi/h. If
the car is brought to a stop, determine how long a 100-W light
bulb must burn to expend the same amount of energy.
(1 mi = 5280 ft.)

SOLUTION

. 35 mi 5280 ft 1h
N = X X =
Energy: Here, the speed of the car is v ( o ) < Tmi ) (3 500 s)

51.33 ft/s. Thus, the kinetic energy of the car is

1 1 (5000
2 2\ 322

U=_mi = —)(51.332) = 204.59(10°) ft - 1b

Th f the bulb is P —100W><(1hp)X(SSOft-lb/s)_
o opowern o e R R T 746 W ihp /)~

73.73 ft - 1b/s. Thus,

i ~204.59(10%)

= = 277498 s = 46.2 mi Ans.
P 7373 98s min ns

oMl alaiyl - dyilSall dial



14-47.

The escalator steps move with a constant speed of 0.6 m/s.
If the steps are 125 mm high and 250 mm in length,
determine the power of a motor needed to lift an average
mass of 150 kg per step. There are 32 steps.

SOLUTION
Step height: 0.125 m

32

4
The number of steps: 012

Total load: 32(150)(9.81) = 47 088 N

4
If load is placed at the center height, & = 5" 2 m, then

U =47 088<%> = 94.18kJ

vy =vsinf = 0.6< 4 > = 0.2683 m/s
V(32(0.25)) + 4%
h 2
t= ;y = 02683 7.454 s

U 9418

" = m = 12.6 kW Ans.
Also,
P =TF-v =47088(0.2683) = 12.6 kW Ans.
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*14-48.

If the escalator in Prob. 14-47 is not moving, determine the
constant speed at which a man having a mass of 80 kg must
walk up the steps to generate 100 W of power—the same
amount that is needed to power a standard light bulb.

SOLUTION

U, _ (80)(9.81)(4) _

P= 100 t=3l4s
t t
s V(32(025)) + 4 0285 A
v=o= 314 = 0.285m/s ns.
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14-49.

The 2-Mg car increases its speed uniformly from rest to
25m/s in 30 s up the inclined road. Determine the
maximum power that must be supplied by the engine, which
operates with an efficiency of € = 0.8. Also, find the
average power supplied by the engine.

SOLUTION

Kinematics: The constant acceleration of the car can be determined from
(i)> V=1 + act
25 =0 + a.(30)

a, = 0.8333 m/s?

Equations of Motion: By referring to the free-body diagram of the car shown in
Fig. a,

2F, =may; F —2000(9.81) sin 5.711° = 2000(0.8333)

F = 3618.93N

Power: The maximum power output of the motor can be determined from

(Pow)max = F* Vinax = 3618.93(25) = 90 473.24 W

Thus, the maximum power input is given by

P 90473.24
Py, = — = Tog 309155 W = 113 kW Ans.
& .

The average power output can be determined from
25
(Pout)avg = F'Vavg = 3618.93 7 = 45236.62 W

Thus,

(Pout) 45236.62
(Pin)ave = St L o = S6S45T8W = 565 KW Ans.

Mech.MuslimEngineer.Net
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14-50.

The crate has a mass of 150 kg and rests on a surface for M
which the coefficients of static and kinetic friction are @2
w, = 0.3 and pu, = 0.2, respectively. If the motor M supplies &t <@ =

a cable force of F = (8> + 20) N, where ¢ is in seconds, %
determine the power output developed by the motor when =

t=3S5s.
SOLUTION 150(9.8) N
Equations of Equilibrium: If the crate is on the verge of slipping, F'y = u; N = 0.3N. ; \
From FBD(a), s o
+13F, = 0; N —150(9.81) =0 N = 14715N 5:0-5/~/
BIF, =0;  03(1471.5) =3 (822 +20) =0 = 3.9867s N
@)
Equations of Motion: Since the crate moves 3.9867 s later, Fy = ux N = 0.2N.
From FBD(b),
o
+ 1SF, = ma,; N —150(9.81) = 150 (0) N = 14715N «—  150(960N
5 3F, = ma,;  02(1471.5) — 3 (82 + 20) = 150 (—a) E‘t::ﬁ?ghh :
a = (01607 — 1.562) m/s’ [t N
—3
Kinematics: Applying dv = adt, we have /;102 N
N

5
/ (0.1607 — 1.562) dr
3.9867 s

/dv
0

v = 1.7045 m/s
Power: At t =5s, F =38 (52) + 20 = 220 N. The power can be obtained using
Eq. 14-10.
P =F-v=3(220) (1.7045) = 112497 W = 1.12 kW Ans.
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14-51.

The 50-kg crate is hoisted up the 30° incline by the pulley
system and motor M. If the crate starts from rest and, by
constant acceleration, attains a speed of 4m/s after
traveling 8 m along the plane, determine the power that
must be supplied to the motor at the instant the crate has
moved 8 m. Neglect friction along the plane. The motor has
an efficiency of e = (0.74.

SOLUTION
Kinematics: Applying equation v*> = v} + 2a, (s — s,), we have

2=0+2a8-0) a=100m/s?

Equations of Motion:
+2F, = may; F — 50(9.81) sin 30° = 50(1.00) F =29525N
Power: The power output at the instant when v = 4 m/s can be obtained using
Eq. 14-10.
P =F-v=29525(4) = 1181 W = 1.181 kW
Using Eq. 14-11, the required power input to the motor in order to provide the
above power output is

. power output
powermput = —————
€

1.181
= ﬁ = 1.60 kW Ans.
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*14-52.

The 50-Ib load is hoisted by the pulley system and motor M.
If the motor exerts a constant force of 30 Ib on the cable,
determine the power that must be supplied to the motor if
the load has been hoisted s = 10 ft starting from rest. The
motor has an efficiency of € = 0.76.

SOLUTION

2030) — 50 = 2 g,

+T2Fy=may; 00

ag = 6.44 m/s?

(+1)v* = vf + 2a, (s — sp)

2.3
vE = 0 + 2(6.44)(10 — 0) T o

v = 11.349 ft/s

2SB+SM:l

-t

501k

2VB = — Vy
oy = —2(11.349) = 22.698 ft/s
P, =F-v =30(22.698) = 680.94 ft-1b/s

= 22T 29597 ft -]

P; =1.63hp Ans.
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14-53.

The 10-1b collar starts from rest at A and is lifted by
applying a constant vertical force of F = 251b to the cord.
If the rod is smooth, determine the power developed by the
force at the instant 6 = 60°.

SOLUTION
Work of F

Uj—, = 25(5 — 3.464) = 38.401b - ft

Tl + EUl—Z = Tzs

1,1
0 + 38.40 — 10(4 — 1.732) = E(%) v

v = 10.06 ft/s
P = F-v = 25c0s60°(10.06) = 125.76 ft-1b/s

P =0.229 hp Ans.
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14-54.

The 10-1b collar starts from rest at A and is lifted with a
constant speed of 2 ft/s along the smooth rod. Determine the
power developed by the force F at the instant shown.

SOLUTION

4
+13F, = may; F(g) -10=0

[ S—
F=1251b

P=F-v= 12.5(%)(2) = 201b-ft/s

= 0.0364 hp Ans.
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14-55.

The elevator E and its freight have a total mass of 400 kg.
Hoisting is provided by the motor M and the 60-kg block C.
If the motor has an efficiency of € = 0.6, determine the
power that must be supplied to the motor when the elevator
is hoisted upward at a constant speed of vz = 4 m/s.

SOLUTION

Elevator:

Since a = 0,

+1 SF,=0;  60(9.81) + 3T — 400(9.81) = 0

T=1111.8N
2SE + (SE - SP) =1
3’UE:UP

Since vy = —4 m/s, vp = —12m/s

o v (11118)(12)

= 222 kW
! e 0.6

Ans.

Mech.MuslimEngineer.Net
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*14-56.

The sports car has a mass of 2.3 Mg, and while it is traveling
at 28 m/s the driver causes it to accelerate at 5 m/s” If the
drag resistance on the car due to the wind is F, = (0.32%) N,
where v is the velocity in m/s, determine the power supplied
to the engine at this instant. The engine has a running
efficiency of € = 0.68.

SOLUTION

BSF. =ma; F — 0302 = 23(10%(5) d_;;’"r"
F =030 + 11.5(10°) ?" ]

Atwv =28 m/s

F=117352N

Py = (11735.2)(28) = 328.59 kW

Py 3285
p, = Lo _ 32859

; = 438k Ans.
i . 0.68 38 kW ns
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14-57.

The sports car has a mass of 2.3 Mg and accelerates at
6 m/s%, starting from rest. If the drag resistance on the car
due to the wind is F, = (10v) N, where v is the velocity in
m/s, determine the power supplied to the engine when
t = 5. The engine has a running efficiency of € = 0.68.

SOLUTION w
B SF, =ma;  F— 100 = 2.3(10°(6) %:— Fo
N

F =13.8(10% + 10w

(BYv =10, + act

v=0+ 6(5) =30m/s

Po = F-v = [13.8(10%) + 10(30)](30) = 423.0 kW

Po  423.0
P, = . = 068 = 622 kW Ans.

i
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14-58.

The block has a mass of 150 kg and rests on a surface for
which the coefficients of static and kinetic friction are
me =05 and pu, = 04, respectively. If a force
F = (60¢*) N, where ¢ is in seconds, is applied to the cable,
determine the power developed by the force when ¢t = 5s.
Hint: First determine the time needed for the force to
cause motion.

SOLUTION
B SF, =0, 2F — 0.5(150)(9.81) = 0
F = 367.875 = 60
1= 24765
5 SF, =ma;  2(602)—0.4(150)(9.81) = 150a,

a, = 0.8 — 3.924

dv = adt

v 5
/dv = / (0.8 — 3.924) dr
0 2.476
5
v = (%)R — 3.924

sp+ (sp—sp) =1

= 19.38 m/s
2,476

2'UP = VUp
vp = 2(19.38) = 38.76 m/s
F = 60(5)*> = 1500 N

P = F-v = 1500(38.76) = 58.1 kW

saluwl oLyl - yilssal dil

Ans.

150480 N

aF

0.5Np +——

TNr= 150(3.2¢) N




14-59.

The rocket sled has a mass of 4 Mg and travels from rest
along the horizontal track for which the coefficient of
kinetic friction is w; = 0.20. If the engine provides a
constant thrust 7 = 150 kN, determine the power output of
the engine as a function of time. Neglect the loss of fuel
mass and air resistance.

SOLUTION

BSF. =ma;  150(10)° — 0.2(4)(10)°(9.81) = 4(10)* a
a = 35.54 m/s?

(B)v=1)+ a.

= 0 + 35.54t = 35.54¢

~
Il
-
<

= 150(10)3 (35.54t) = 5.33t MW

B ——
T
_>
I N I I I O N I O B
40980~
1500160a)

¢4)08)5.80M

Ans. N=g¢0J841) N
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*14-60.

A loaded truck weighs 16(10%) Ib and accelerates uniformly
on a level road from 15 ft/s to 30 ft/s during 4s. If the
frictional resistance to motion is 325 lb, determine the
maximum power that must be delivered to the wheels.

SOLUTION

_Av_30-—15 )
a=-= 2 = 3.75ft/s

tSF F — 325 16(10%) 3.75

< = : - =

x T M 32 )BT
F = 2188.351b

b gy L 2883560 A

max — Vimax = 550 - p ns.

oMl alaiyl - dyilSall dial

A=375tf*>
e

W=160021h

325 Ib



14-61.

If the jet on the dragster supplies a constant thrust of
T = 20 kN, determine the power generated by the jet as a
function of time. Neglect drag and rolling resistance, and
the loss of fuel. The dragster has a mass of 1 Mg and starts
from rest.

SOLUTION

Equations of Motion: By referring to the free-body diagram of the dragster shown
in Fig. a,

B SF, = ma,; 20(10%) = 1000(a) a = 20m/s?

Kinematics: The velocity of the dragster can be determined from

<_—t)> U:v()+act
v =0+ 207 = (20¢t) m/s

Power:
P =F-v = 20(10°)(20¢)

= 1400(10%)¢ | W Ans.
[ ]

Mech.MuslimEngineer.Net
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14-62.

An athlete pushes against an exercise machine with a force
that varies with time as shown in the first graph. Also, the
velocity of the athlete’s arm acting in the same direction as
the force varies with time as shown in the second graph.
Determine the power applied as a function of time and the
work doneint = 0.3 s.

SOLUTION
For0 =r=102
F = 800N
20
= —1 = 60.67t
Y03
P=F-v=>533tkW Ans.

For02 =r=1023
F = 2400 — 8000¢
v = 60.67t

P=F-v= (160t — 5332) kW Ans.

03
u= / Pdt
0

0.2 0.3
u= / 533rdt + / (1601 — 5337%) dr
0 0.2

533

5 (0.2)> + 12ﬂ[(0.3)2 - (0.2 - 52—3[(0.3)3 - (02)7]

= 1.69kJ Ans.

oMl alaiyl - dyilSall dial

F(N)
800
1 ‘
02 0.3
v (m/s)
20
1
0.3

t(s)

t(s)



14-63.

An athlete pushes against an exercise machine with a
force that varies with time as shown in the first graph.
Also, the velocity of the athlete’s arm acting in the same
direction as the force varies with time as shown in the
second graph. Determine the maximum power developed
during the 0.3-second time period.

SOLUTION

See solution to Prob. 14-62.
P =160t — 5337

ar _ 160 — 1066.6¢ = 0
dt

t=015s<02s

Thus maximum occurs at t = 0.2's

P = 53.3(0.2) = 10.7 kW

F(N)
800
1 w £(s)
0.2 0.3
v (m/s)
20
1 £(s)
0.3
Ans. P
jo.bb

0.2 0.3

Mech.MuslimEngineer.Net



*14-64.

The 500-kg elevator starts from rest and travels upward
with a constant acceleration a, = 2 m/s®>. Determine the
power output of the motor M when ¢ = 3s. Neglect the
mass of the pulleys and cable.

SOLUTION

+12F, =ma 3T — 500(9.81) = 500(2)

y s

T = 196833 N

SSE_Sp:l
3UEZ/UP
Whent = 35,

(+T) vy + at

vp =0+ 2(3) = 6m/s T T
vp = 3(6) = 18 m/s &&
Py = 1968.33(18
¢ (18) 500(9.8)N

Py =354kW Ans. T ¢
Sg P

oMl alaiyl - dyilSall dial



14-65.

The 50-Ib block rests on the rough surface for which F
the coefficient of kinetic friction is ux = 0.2. A force 3007: k =201b/ft
F = (40 + s%) Ib, where s is in ft, acts on the block in the N'm'm'm'i
direction shown. If the spring is originally unstretched

(s = 0) and the block is at rest, determine the power

developed by the force the instant the block has moved
s = 1.5ft

SOLUTION P
3——0'\i]4—-F5

+——0.2Ng

+13F, =0;  Ng— (40 + 8*)sin30° — 50 = 0
Ng =70 + 0.55° Ne

1.5

2 1/ 50 »
+ 0. ==
(70 OSS)dS 2(32.2)1)2

0+ /0 . (40 + 5?) cos 30° ds — %(20)(1.5)2 - 02 A
0 + 52,936 — 22.5 — 21.1125 = 0.7764 v3

v, = 3.465 ft/s

When s = 1.5 ft,

F =40 + (1.5)> = 42251b

P =F-v = (4225 cos 30°)(3.465)

P =126.79 ft- Ib/s = 0.231 hp Ans.

Mech.MuslimEngineer.Net



14-66.

The girl has a mass of 40 kg and center of mass at G. If she
is swinging to a maximum height defined by 6 = 60°,
determine the force developed along each of the four
supporting posts such as AB at the instant § = 0°. The
swing is centrally located between the posts.

SOLUTION

The maximum tension in the cable occurs when 6 = 0°.
T] + V] = T2 + V2

1
0 + 40(9.81)(—2 cos 60°) = 5(40)1)2 + 40(9.81)(—2)

v = 4429 m/s

4.429°
2

+12F, = ma,; T —40(9.81) = (40)( ) T = 7848 N

+T2Fy =0 2(2F) cos 30° — 784.8 = 0 F=227TN

[l

.
Ans. %ﬁ— 1

40(981) N

¥
A
2F /3@ 2F

T-74¢.60)

oMl alaiyl - dyilSall dial



14-67.

Two equal-length springs are “nested” together in order to
form a shock absorber. If it is designed to arrest the motion
of a 2-kg mass that is dropped s = 0.5 m above the top of
the springs from an at-rest position, and the maximum
compression of the springs is to be 0.2 m, determine the
required stiffness of the inner spring, kg, if the outer spring
has a stiffness k4, = 400 N/m.

SOLUTION

T1+V1:T2+V2

0+0=0-20981)0.5+02) + %(400)(0.2)2 + %(kB)(O.Z)Z

kp = 287 N/m Ans.

Mech.MuslimEngineer.Net
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*14-68.

The collar has a weight of 8 Ib. If it is pushed down so as to
compress the spring 2 ft and then released from rest
(h = 0), determine its speed when it is displaced & = 4.5 ft.
The spring is not attached to the collar. Neglect friction.

SOLUTION
Tl + V1 = Tz + Vz

0+ %(30)(2)2 = %(32%)1% + 8(4.5)

v, = 139 ft/s Ans.

oMl alaiyl - dyilSall dial

—
> k =30 Ib/ft




14-69.

The collar has a weight of 8 Ib. If it is released from rest at
a height of 4 = 2ft from the top of the uncompressed
spring, determine the speed of the collar after it falls and
compresses the spring 0.3 ft.

SOLUTION
T1 —+ Vl = T2 + Vz
0+0= %(32%) 3 — 8(2.3) + %(3»0)(0-3)2

v, = 11.7 ft/s Ans.

Mech.MuslimEngineer.Net

== / = 30 Ib/ft




14-70.

The 2-kg ball of negligible size is fired from point A with
an initial velocity of 10 m/s up the smooth inclined plane.
Determine the distance from point C to where it hits the
horizontal surface at D. Also, what is its velocity when it
strikes the surface?

SOLUTION

Datum at A:

To,+V =T+ Vg
%(2)(10)2 + 0= %(2)(1;3)2 + 2(9.81)(1.5)

vg = 8.401 m/s

(i>> s =95yt vt

d=0+ 8.401(%)t

1
(1) s=s0+ vt + Eat,;t2

1
-15=0+ 8.401<%)t + 5(—9.81)t2

—4.905 + 5.040t + 1.5 =0

Solving for the positive root,

t=1269s
4
d = 8.401(5)(1.269) =853m

Datum at A:

TA + VA = TD + VD
1 2 1 2
S @002 + 0= @) +0

vp = 10m/s

C
} 2m d
2.401 ™4
I.Tn
4 A

Ans.

Ans.

oMl alaiyl - dyilSall dial



14-71.

The ride at an amusement park consists of a gondola which
is lifted to a height of 120 ft at A. If it is released from rest
and falls along the parabolic track, determine the speed at
the instant y = 20 ft. Also determine the normal reaction of
the tracks on the gondola at this instant. The gondola and
passenger have a total weight of 500 Ib. Neglect the effects
of friction and the mass of the wheels.

SOLUTION

Substituting into Eq. (1) yields

t G—Q—OSSS
anf = -~ = 0555,

i+ (0.555)*]/?

+N\XF, = ma,;

T1+V1:T2+V2

v = 80.2 ft/s

Ng = 9521b

Aty =120 — 100 = 20 ft

0 = 29.02°

= 194.40 ft

. 500 @?
Ng — 500 cos 29.02 732.2(194.4()) 1)

) 2 — 500(100)

Ans.

Ans.

Mech.MuslimEngineer.Net
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y =201t

500 I
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*14-72.

The 2-kg collar is attached to a spring that has an
unstretched length of 3 m. If the collar is drawn to point B
and released from rest, determine its speed when it arrives
at point A.

SOLUTION -

Potential Energy: The initial and final elastic potential energy are
1 \/32 2 2 1 2 . o
) (3)( 37+ 45— 3) =6.00J andi (3)(3 — 3)° = 0,respectively. The gravitational
potential energy remains the same since the elevation of collar does not change when it
moves from B to A.
Conservation of Energy:
TB + VB =T A +V A
1 2
0 + 6.00 :5(2)1),4 +0

vy = 245m/s Ans.

oMl alaiyl - dyilSall dial




14-73.

The 2-kg collar is attached to a spring that has an unstretched
length of 2 m. If the collar is drawn to point B and released
from rest, determine its speed when it arrives at point A.

SOLUTION

Potential Energy: The stretches of the spring when the collar is at B and A are
sp= V32 +4>—2=3m and s, = 3 — 2 = 1 m, respectively. Thus, the elastic
potential energy of the system at B and A are

Vo)s = %ks,f = %(3)(32) =13.57J

(Voa = 3ksd =5 (YD) = 151

There is no change in gravitational potential energy since the elevation of the collar
does not change during the motion.

Conservation of Energy:

TB+VB:TA+VA

1 1
5"“’32 + (Ve = Evaz + (Ve)a

1
0+ 135 = 5(2)1;A2 + 1.5

vy = 3.46m/s Ans.

Mech.MuslimEngineer.Net




14-74.

The 0.5-1b ball is shot from the spring device shown. The
spring has a stiffness & = 10 1b/in. and the four cords C and
plate P keep the spring compressed 2 in. when no load is on
the plate. The plate is pushed back 3 in. from its initial
position. If it is then released from rest, determine the speed
of the ball when it travels 30 in. up the smooth plane.

SOLUTION

Potential Energy: The datum is set at the lowest point (compressed position).
30

Finally, the ball is Esin 30° = 1.25 ft above the datum and its gravitational

potential energy is 0.5(1.25) = 0.625 ft-1b. The initial and final elastic potential

1 2 +3Y)? 1 2\’
energy are 5(120)( 1 ) = 1042 ft-1b and 5(120)(5) = 1.667 ft- b,

respectively.

Conservation of Energy:
2T+ 2V, = 2T, + 2V,

1
0+ 1042 = —~
2(

0.5

= v* +0.625 + 1.
32.2)1) 0.625 + 1.667

v =323 ft/s Ans.

oMl alaiyl - dyilSall dial



14-75.

The 0.5-1b ball is shot from the spring device shown. Determine
the smallest stiffness k which is required to shoot the ball a
maximum distance of 30 in. up the smooth plane after the
spring is pushed back 3 in. and the ball is released from rest. The
four cords C and plate P keep the spring compressed 2 in. when
no load is on the plate.

SOLUTION

Potential Energy: The datum is set at the lowest point (compressed position).
. .30 . . .
Finally, the ball is 13 Sin 30° = 1.25ft above the datum and its gravitational

potential energy is 0.5(1.25) = 0.625 ft-1b. The initial and final elastic potential
1 2 +3\? 1 2\?
energy are 5 (k)(T) = 0.08681k and > (k)(ﬁ) = 0.01389%, respectively.

Conservation of Energy:
ET] + EV] = ETQ + EVZ
0 + 0.08681k = 0 + 0.625 + 0.01389

k = 8.571b/ft Ans.

Mech.MuslimEngineer.Net




*14-76.

The roller coaster car having a mass m is released from rest
at point A. If the track is to be designed so that the car does
not leave it at B, determine the required height 4. Also, find
the speed of the car when it reaches point C. Neglect
friction.

SOLUTION

Equation of Motion: Since it is required that the roller coaster car is about to leave
Up Up

the track at B, Nz = 0. H =—=——B ferring to the free-bod =
e track at B, Ng ere, a, Py -5 By referring to the free-body Nb___o
diagram of the roller coaster car shown in Fig. a,
SF, = may; 081) = m{ P ) vy = 73,575 ms

L= ma,; m(9.81) = m 25 ) vs=73575m /s t

Potential Energy: With reference to the datum set in Fig. b, the gravitational
potential energy of the rollercoaster car at positions A, B, and C are m (9 &I )
(Vo)a = mghy = m(9.81)h = 9.81mh, (V)5 = mghy = m(9.81)(20) = 1962 m, l

and (V,)c = mghe = m(9.81)(0) = 0.

Conservation of Energy: Using the result of v;2 and considering the motion of the n
car from position A to B,

TA+VA:TB+VB

%vaz + (Vg)A = %msz + (Vg)B

1
0+ 98Lmh = —m(73.575) + 196.2m

h =2375m Ans.
Also, considering the motion of the car from position B to C,
T B +V B = TC + VC

%mvgz + (Vg)B = %mvcz + (Vg)c

1 1
2 m(73.575) +1962m = - muc® + 0

ve = 21.6 m/s Ans.

sl alaiyl - elyilSiall disl ®)



14-717.

A 750-mm-long spring is compressed and confined by the
plate P, which can slide freely along the vertical 600-mm-long
rods. The 40-kg block is given a speed of v = 5 m/s when it is
h = 2 m above the plate. Determine how far the plate moves
downwards when the block momentarily stops after striking

it. Neglect the mass of the plate.

SOLUTION

Potential Energy: With reference to the datum set in Fig. a, the gravitational potential
energy of the block at positions (1) and (2) are (Vg)1 = mgh, = 40(9.81)(0) = 0
and (Vg>2 = mgh, = 40(9.81)[*(2 + y)] = [*392.4(2 + y)}, respectively. The
compression of the spring when the block is at positions (1) and (2) are
s1 = (0.75 —=0.6) = 0.15m and s, = s5; + y = (0.15 + y) m. Thus, the initial and

final elastic potential energy of the spring are

1 1
(Vo) = kst = 5(25)(103)(0.152) =281257

[\

(Vo)o = sksh = %(25)(103)(0.15 +y)?

N | =

Conservation of Energy:

T1+V]:T2+V2

Lt + [ (Vv (v ] = B [0+ (v.)]

%(40)(52) + (0 + 281.25) = 0 + [—392.4(2 + y)] +

%(25)(103)(0.15 + y)?

12500y* + 3357.6y — 1284.8 = 0

Solving for the positive root of the above equation,

y = 02133 m = 213 mm

Ans.

Mech.MuslimEngineer.Net
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14-78.

The 2-1b block is given an initial velocity of 20 ft/s when it is

at A. If the spring has an unstretched length of 2 ft and a :;
stiffness of & = 100 1b/ft, determine the velocity of the block
when s = 1 ft. 2 ft ‘
vy =20 ft/s l [
SOLUTION s
k=100 lb/ft
Potential Energy: Datum is set along AB. The collar is 1 ft below the datum when it
is at C. Thus, its gravitational potential energy at this point is —2(1) = —2.00 ft - Ib.

The initial and final elastic potential energy are 5(100)(2 —2)>=0 and
1
5 (100)(V2? + 12 = 2)? = 2786 fit - Ib, respectively.

Conservation of Energy:

TA+VA:TC+VC

1/ 2\ o /2,
== +0=2|5 Jve +2.786 + (2.
2(32_2)(20) 0 2(32'2)% 2.786 + (—2.00)

ve = 194 ft/s Ans.

oMl alaiyl - dyilSall dial



14-79.

The block has a weight of 1.5 1b and slides along the smooth
chute AB. It is released from rest at A, which has coordinates
of A(5 ft, 0, 10 ft). Determine the speed at which it slides off
at B, which has coordinates of B(0, 8 ft, 0).

SOLUTION

Datum at B:

TA+VA:TB+VB

0 + 1.5(10) = %(%)(vg)z +0

vg = 254 ft/s

Mech.MuslimEngineer.Net
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10 ft

<—8ft—»‘
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*14-80.

Each of the two elastic rubber bands of the slingshot has
an unstretched length of 200 mm. If they are pulled back
to the position shown and released from rest, determine
the speed of the 25-g pellet just after the rubber bands
become unstretched. Neglect the mass of the rubber
bands. Each rubber band has a stiffness of £ = 50 N/m.

SOLUTION

T1+V]:T2+V2

0+ (2)(%)(50)[\/(0.05)2 + (0.240)> — 0.2]* = %(0.025)1;2

v = 2.86m/s Ans.

oMl alaiyl - dyilSall dial



14-81.

Each of the two elastic rubber bands of the slingshot has an
unstretched length of 200 mm. If they are pulled back to the
position shown and released from rest, determine the
maximum height the 25-g pellet will reach if it is fired
vertically upward. Neglect the mass of the rubber bands and
the change in elevation of the pellet while it is constrained
by the rubber bands. Each rubber band has a stiffness
k = 50 N/m.

SOLUTION

T1+V1:T2+V2

0+ 2(%)(50)[ (0.05)% + (0.240)* — 0.2]* = 0 + 0.025(9.81)h

h = 0416 m = 416 mm Ans.

Mech.MuslimEngineer.Net



14-82.

If the mass of the earth is M,, show that the gravitational
potential energy of a body of mass m located a distance r
from the center of the earth is V, = ~GM,m/r. Recall that
the gravitational force acting between the earth and the
body is F= G(M,m/r?), Eq. 13-1. For the calculation, locate
the datum at r — oo. Also, prove that F is a conservative
force.

SOLUTION

The work is computed by moving F from position r, to a farther position r,.

Vg=—U=—/Fdr

I
|
Q
X
3
h
<, ‘ &N

a1 1)
r "

ASI’l_) 9] ,1etr2 = rl,Fz = Fl,then

V,— —Gy \
A

To be conservative, require F Y

i GM L T
F=-vv,= _i(_iem> 2

ar r r/

-GM,m
=7 Q.E.D.
B

oMl alaiyl - dyilSall dial



14-83.

A rocket of mass m is fired vertically from the surface of the
earth, i.e., at r = r;. Assuming no mass is lost as it travels

upward, determine the work it must do against gravity to
reach a distance r,. The force of gravity is F = GM,m/r

2

(Eq. 13-1), where M, is the mass of the earth and r the
distance between the rocket and the center of the earth.

SOLUTION
M.m
F=G 2

I d
Fi, = /Fdr = GMem/ <
rn r

1 1
~omn(L- 1)
" )

Ans.

Mech.MuslimEngineer.Net




*14-84.

The firing mechanism of a pinball machine consists of a
plunger P having a mass of 0.25 kg and a spring of stiffness
k =300 N/m. When s = 0, the spring is compressed
50 mm. If the arm is pulled back such that s = 100 mm and
released, determine the speed of the 0.3-kg pinball B just
before the plunger strikes the stop, i.e., s = 0. Assume all
surfaces of contact to be smooth. The ball moves in the
horizontal plane. Neglect friction, the mass of the spring,
and the rolling motion of the ball.

SOLUTION
T1 + Vl = Tz + V2

"\!\'_W.\'_'\‘cl' A
|

AV VEA TR |

0+ %(300)(0.1 +0.05)? = %(0.25)(1;2)2 + %(0.3)(1;2)2 + %(300)(0.05)2

v, = 3.30m/s Ans.

oMl alaiyl - dyilSall dial



14-85.

A 60-kg satellite travels in free flight along an elliptical orbit
such that at A, where r4 =20 Mm, it has a speed v, =40 Mm/h.
What is the speed of the satellite when it reaches point B, where
rg = 80 Mm? Hint: See Prob. 14-82, where M, = 5.976(10**) kg
and G = 66.73(1072) m3/(kg -+ s?).

SOLUTION
v, = 40 Mm/h = 11 111.1 m/s

GM,m
r

Since V = —

T1+V1:T2+V2

66.73(10) " 12(5.976)(10)%(60) 1

66.73(10) " '2(5.976)(10)%*(60)

1 2 _ 5 -
S(E0)(11 111.1) 20(10)° 5 (60075 80(10)°

vg = 9672 m/s = 34.8 Mm/h Ans.

Mech.MuslimEngineer.Net
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14-86.

Just for fun, two 150-1b engineering students A and B intend
to jump off the bridge from rest using an elastic cord N N S A e A
(bungee cord) having a stiffness k = 80 1b/ft. They wish to
just reach the surface of the river, when A, attached to the
cord, lets go of B at the instant they touch the water.
Determine the proper unstretched length of the cord to do
the stunt, and calculate the maximum acceleration of
student A and the maximum height he reaches above the / 120t Agdp
water after the rebound. From your results, comment on the
feasibility of doing this stunt.

SOLUTION
T, +V, =T, +V,

SNANINNZINNZINNZINNZTNN

0 + 2(150)(120) = 0 + %(80)@)2
x =30ft

Unstretched length of cord.

120 =1 + 30
1 =90ft Ans.
When A lets go of B.
§o(30) b
Tz + V2 = T3 + V3
150lb

0+ %(80)(30)2 =0+ (150) A
h = 240 ft

This is not possible since the 90 ft cord would have to stretch again, i.e., A,,,, = 120 +
90 = 210 ft.

Thus, & > 120 + 90 = 210 ft

Tz + V2 = T3 + V3
1 2 1 2
0 + 5(80)(30) = 0 + 150 h + —(80)[(h — 120) — 90]

36 000 = 150 & + 40(h* — 420 h + 44 100)

h? — 41625 h + 43200 = 0

Choosing the root > 210 ft

h =219 ft Ans.

150
+13F, = ma,;  800(30) — 150 = 350

a = 483 ft/s? Ans.

It would not be a good idea to perform the stunt since a = 15 g which is excessive
and A rises 219" — 120" = 99 ft above the bridge!
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14-87.

The 20-1b collar slides along the smooth rod. If the collar is z
released from rest at A, determine its speed when it passes
point B. The spring has an unstretched length of 3 ft.

k =20 1b/ft

SOLUTION

Yoa = {_2i+3j+6k}ft, oA =71t

Yo = {4i} ft, rop = 4 ft

Put datum at x—y plane
TA + VA = TB + VB

1 , 120 ,
+ + = - == +0+
0+ (201b)(6 £t) + (20 Ib/f)(7 ft — 3 ft) 2( = 2) v% + 0

%(20 Ib/ft)(4 ft — 3 ft)?

vg = 29.5 ft/s Ans.
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*14-88.

Two equal-length springs having a stiffness k4 = 300 N/m
and kg = 200 N/m are “nested” together in order to form
a shock absorber. If a 2-kg block is dropped from an at-rest

position 0.6 m above the top of the springs, determine
their deformation when the block momentarily stops.

SOLUTION

Datum at initial position:

Tl + V1 = T2 + VZ
1
0+0 =0 20981)(0.6 + x) + (300 + 200)(x)’

250x% — 19.62x — 11.772 = 0

Solving for the positive root,

x = 0.260 m Ans.
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14-89.

When the 6-kg box reaches point A it has a speed of
v, = 2m/s. Determine the angle 6 at which it leaves the
smooth circular ramp and the distance s to where it falls
into the cart. Neglect friction.

SOLUTION
At point B:
2
+U/SF, = ma;  6(9.81)cos b = 6(%) o))

Datum at bottom of curve:

TA + VA = TB + VB
%(6)(2)2 + 6(9.81)(1.2 cos 20°) = %(6)(1)3)2 + 6(9.81)(1.2 cos ¢)

13.062 = 0.5v% + 11.772 cos ¢ )

Substitute Eq. (1) into Eq. (2), and solving for v,

vg = 2.951 m/s
Th — 71(&51)2) = 42.29°
us. ¢ =cos o0 T
0 =¢ — 20° =223° Ans.

(—i—T) s:so-i-vot-i-%actz
1
—1.2 cos 42.29° = 0 — 2.951(sin 42.29°)t + 5(—9.81):2

4.905¢% + 1.9857t — 0.8877 = 0

Solving for the positive root: t = 0.2687 s

(—t) s =95yt vt

0 + (2.951 cos 42.29°)(0.2687)

N

s = 0.587m Ans.
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14-90.

The Raptor is an outside loop roller coaster in which riders

are belted into seats resembling ski-lift chairs. Determine /&:i\ y
the minimum speed v, at which the cars should coast down 7
from the top of the hill, so that passengers can just make the Yo

loop without leaving contact with their seats. Neglect
friction, the size of the car and passenger, and assume each
passenger and car has a mass m.

SOLUTION

Datum at ground: - i I

T] + Vl = T2 + V2
1 1 N
Emv% + mgh = Emv% + mg2p N =0 l
v = Vg + 2g(h—2p)
vt
+~LEF,,=ma,,; mg = m| —
p
v = Vep
Thus,

gp = vj + 2gh — 4gp

v = Vgp — 2h) Ans.
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14-91.

The Raptor is an outside loop roller coaster in which riders
are belted into seats resembling ski-lift chairs. If the cars
travel at vy = 4 m/s when they are at the top of the hill,
determine their speed when they are at the top of the loop
and the reaction of the 70-kg passenger on his seat at this
instant. The car has a mass of 50 kg. Take # = 12m, p = S5m.
Neglect friction and the size of the car and passenger.

SOLUTION

Datum at ground:

T1+V]:T2+V2

%(120)(4)2 + 120(9.81)(12) = %(120)(1)1)2 + 120(9.81)(10)

v = 7432 m/s

(7.432)2)

+l3F, = ma,, 70(9.81) + N = 70( s

N = 86.7N

Mech.MuslimEngineer.Net
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*14-92.

The 75-kg man bungee jumps off the bridge at A with an
initial downward speed of 1.5 m/s. Determine the required
unstretched length of the elastic cord to which he is
attached in order that he stops momentarily just above the
surface of the water. The stiffness of the elastic cord is
k = 80 N/m. Neglect the size of the man.

SOLUTION

Potential Energy: With reference to the datum set at the surface of the water, the
gravitational potential energy of the man at positions A and B are <Vg) A =mghy =
75(9.81)(150) = 110362.5J and (Vg)B = mghpg = 75(9.81)(0) = 0. When the man
is at position A, the elastic cord is unstretched (s, = 0), whereas the elastic cord
stretches sg = (150 - lo) m, where [, is the unstretched length of the cord. Thus, the
elastic potential energy of the elastic cord when the man is at these two positions are

1 1 1
(Vo)a = EksA2 = 0and (V,)z = EksBZ = 5 (80)(150 — 1p)* = 40(150 — Io)2.

Conservation of Energy:

TA+VA=TB+VB

L [(1),+ ]S [ (), + ]

%(75)(1.52) + (1103625 + 0) = 0 + [0 + 40(150 — £y)?]

lp=97.5m Ans.

oMl alaiyl - dyilSall dial



14-93.

The 10-kg sphere C is released from rest when 6 = 0° and
the tension in the spring is 100 N. Determine the speed of
the sphere at the instant § = 90°. Neglect the mass of rod
AB and the size of the sphere.

SOLUTION

Potential Energy: With reference to the datum set in Fig. a, the gravitational potential
energy of the sphere at positions (1) and (2) are (Vg>1 = mgh; = 10(9.81)(0.45) =
44.145J and (V ), = mgh, = 10(9.81)(0) = 0. When the sphere is at position (1),

100
the spring stretches s; = 500 0.2 m. Thus, the unstretched length of the spring is

lo="V0.3% + 04% — 02 = 0.3m, and the elastic potential energy of the spring is
1 1
(Ve)l = Ekﬁz = —(500)(0.2%) = 10 J. When the sphere is at position (2), the spring

2
stretches s, = 0.7 — 0.3 = 0.4 m, and the elastic potential energy of the spring is
1 1
(V) = Eksz2 = 5(500)(0'42) =407

Conservation of Energy:

T+ V=T, +V,

1 1

S+ (V)4 (V| = Sl + | (v,)o+ (V)
0 + (44.145 + 10) = %(10)(%)22 + (0 + 40)

(vy), = 1.68 m/s Ans.

oném

0m

L:
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14-94.

The double-spring bumper is used to stop the 1500-1b steel
billet in the rolling mill. Determine the maximum displacement
of the plate A if the billet strikes the plate with a speed of 8 ft/s.
Neglect the mass of the springs, rollers and the plates A and B.
Take k= 3000 Ib/ft, k,= 45 000 Ib/ft.

SOLUTION
T, +V, =T, +V,

1/1500\ ., 1 , 1 2
—| == +0=0+= + = =
5 ( 7 )(8) 0 = 0+ (3000)s7, + - (4500)s

F; = 3000s; = 4500s,;

s; = 1.5s,

Solving Egs. (1) and (2) yields:
5, = 0.5148 ft s = 07722 ft

54 =5+ 5= 07722 +0.5148 = 1.29 ft

@

(2

Ans.
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14-95.

The 2-1b box has a velocity of 5 ft /s when it begins to slide
down the smooth inclined surface at A. Determine the point

C (x, y) where it strikes the lower incline.

SOLUTION

Datum at A:

TA+VA:TB+VB

1/ 2 i 12,

e +0==(—)ux-201
2 <32.2> Oy +0=7 (32.2) ve — 2(15)
vg = 31.48 ft/s

(i>> s = 89 + vt

4
+31.48( -
0 3148(5)1

1
+h s =5y + vt + Eact2

=
Il

1
30 — 31.48(%)1 + 5(—32.2)#

~<
Il

Equation of inclined surface:
y_1 _1
x 2 72"

Thus,
30 — 18.888¢t — 16.17%> = 12.592¢

—16.17%> — 31.480t + 30 = 0

Solving for the positive root,

t =0.7014 s
From Egs. (1) and (2):

4
x = 31.48 (g) (0.7014) = 17.66 = 17.7 ft

1
y = 5 (17.664) = 8.832 = 8.83 ft

@

2

Ans.

Ans.

Mech.MuslimEngineer.Net
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*14-96.

The 2-1b box has a velocity of 5 ft/s when it begins to slide
down the smooth inclined surface at A. Determine its speed
just before hitting the surface at C and the time to travel
from A to C. The coordinates of point C are x = 17.66 ft,
and y = 8.832 ft.

SOLUTION
Datum at A:

TA+VA:TC+VC

%(é)@z +0-= %(3227)(%)2 — 2[15 + (30 — 8.832)]

ve = 485 ft/s

3 2
+ L = - )= (= i
NEF, = may; 2(5) (32.2)@

ay = 19.32 ft/s?

TA+VA:TB+VB

%(é)(sy +0= %(322—2>v%; - 2(15)
vg = 31.48 ft/s
(+Y) vp = vy + adt
3148 = 5 + 19.32t 4p
tap = 1.371s
(ﬁ) s =59 T vot

4
+31.48|
0+3 8(5>t

=
I

2

+h

©
|

1
=50+ vt + Eact

3 1
y =30 - 31.48(§)t + 5(—32.2)z2

Equation of inclined surface:

Thus

30 — 18.888 — 16.11% = 12.592¢
—16.11* — 31.480t + 30 = 0
Solving for the positive root:

t =0.7014s

Total time is

t =1.371 + 0.7014 = 2.07 s

Ans.

@

(2
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14-97.

A pan of negligible mass is attached to two identical springs of
stiffness & = 250 N/m. If a 10-kg box is dropped from a height
of 0.5 m above the pan, determine the maximum vertical
displacement d. Initially each spring has a tension of 50 N.

SOLUTION

Potential Energy: With reference to the datum set in Fig. a, the gravitational potential
energy of the box at positions (1) and (2) are (Vg)l = mghy, = 10(9.81)(0) = 0 and
(Vo) = mghy = 1009.81)[—(05 + d)| = —98.1(0.5 + d). Initially, the spring

50
stretches s; = 350 = 0.2m. Thus, the unstretched length of the spring
islp=1-02=08m and the initial elastic potential of each spring is

1
(Ve)] = (2)5 ks = 2(250 / 2)(0.2%) = 10 J. When the box is at position (2), the

spring stretches s, = (\/d2 +12 - 0.8) m. The elastic potential energy of the

springs when the box is at this position is

(Vo) = (2)%ks22 = 2(250/2){\/512 +1- 0.8}2 = 250(d2 —1.6Vd +1+ 1.64).

Conservation of Energy:

T, +V, +T,+V,

Lot [ () + ] = Lo [ (1) + (0]

0+ (0+10)=0+ [98.1(0.5 +d) + 250<d2 - 16Vd + 1+ 1.64”

250d% — 98.1d — 400V d*> + 1 + 350.95 = 0

Solving the above equation by trial and error,

d=134m Ans.

Mech.MuslimEngineer.Net
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