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PROBLEM 11.CQ1

A bus travels the 100 miles between A and B at 50 mi/h and then another
100 miles between B and C at 70 mi/h. The average speed of the bus for the
entire 200-mile trip is:

(@) more than 60 mi/h
(b) equal to 60 mi/h
(¢) less than 60 mi/h

SOLUTION

The time required for the bus to travel from A to B is 2 h and from B to C is 100/70 = 1.43 h, so the total time
is 3.43 h and the average speed is 200/3.43 = 58 mph.

Answer: (c) 4
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PROBLEM 11CQ2

Two cars A and B race each other down a straight
road. The position of each car as a function of time
is shown. Which of the following statements are
Position true (more than one answer can be correct)?
(a) At time t, both cars have traveled the same
distance

(b) At time 1, both cars have the same speed

b f2 time () Both cars have the same speed at some time 7 < f,

(d) Both cars have the same acceleration at some
time t <t

(e) Both cars have the same acceleration at some
time 1 <t<tp

SOLUTION

The speed is the slope of the curve, so answer ¢) is true.

The acceleration is the second derivative of the position. Since A’s position increases linearly the second
derivative will always be zero. The second derivative of curve B is zero at the pont of inflection which occurs
between t; and t,.

Answers: (¢) and (¢) 4
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PROBLEM 11.1

The motion of a particle is defined by the relation x=r*—10> +8¢+12, where x and ¢ are expressed in
inches and seconds, respectively. Determine the position, the velocity, and the acceleration of the particle

whent=1s.

SOLUTION
x=1* =10 +8r+12
=P 4 20148
dt
a:ﬂzlzﬁ—zo
dt
Atr=1s, x=1-10+8+12=11 x=11.00 in. «
v=4-20+8=-8 y=-8.00 in./s 4
a=12-20=-8 a=-8.00in./s> «
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PROBLEM 11.2
The motion of a particle is defined by the relation x =27’ —9¢% +127+10, where x and ¢ are expressed in feet
and seconds, respectively. Determine the time, the position, and the acceleration of the particle when v = 0.
SOLUTION
x=26 =9 +12¢+10
. .. dx 2 2
Differentiating, V= 7 =6t"—18t+12=6(t" —3t+2)
t
=6(t—2)t-1
a= v 12t -18
dt
Sov=0att=1s and t=2s.
At t=1s, x=2-9+12+10=15 t=1.000s 4
a,=12-18=-6 x, =15.00 ft 4
a, =—6.00 ft/s* <«
At t=2s,
x, =2(2)° —9(2)* +12(2) +10=14 tr=2.00s 4
x, =14.00 ft 4
a, =(12)(2)-18=6 a, =6.00 ft/s> 4
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PROBLEM 11.3

The vertical motion of mass A is defined by the relation x=10 sin 2¢ +15cos 2t +100,
where x and ¢ are expressed in mm and seconds, respectively. Determine (a) the position,
velocity and acceleration of A when =1 s, (b) the maximum velocity and acceleration of A.

-

SOLUTION

x=10sin2¢t+15cos 2t +100

v:ﬂ: 20cos 2t —30sin 2¢
dt

a= L4 =—40sin 2t — 60cos 2¢
dt
For trigonometric functions set calculator to radians:
(@) Att=1s. x, =10sin2+15c0s2+100=102.9 x =1029 mm <
v, =20cos2—-30sin2=-35.6 v, =-35.6 mm/s 4
a, =—40sin 2 — 60cos2 =—11.40 a, =—11.40 mm/s> <«

(b) Maximum velocity occurs when a = 0.
—40sin 2t —60cos 2t =0

tan 2t = _@: -1.5
40

2t =tan ' (=1.5) = —0.9828 and —0.9828 + 7

Reject the negative value. 2 =2.1588
1=1.079%s

t=1.0794 s for vpax

SO Vinax = 20c08(2.1588) —305in(2.1588)
=-36.056 Voax = —360.1 mm/s 4

Note that we could have also used
Vo = V207 +30% =36.056

by combining the sine and cosine terms.

For an.x we can take the derivative and set equal to zero or just combine the sine and cosine terms.

A = N40% +60% =72.1 mm/s’ Qe =72.1 mm/s” <
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PROBLEM 11.4

A loaded railroad car is rolling at a constant velocity when
it couples with a spring and dashpot bumper system. After
the coupling, the motion of the car is defined by the

—4.8t

relation x =60e " sin167 where x and ¢ are expressed in

mm and seconds, respectively. Determine the position, the

velocity and the acceleration of the railroad car when
(@)t=0,()t=03s.

SOLUTION
x =60 sin16¢
V= ;ﬂ =60(—4.8)e ™% sin167 + 60(16)e ™" cos16¢
1
v =-288¢ ¥ sin16¢ +960e ™ cos16¢
dv 48 . 4.8
a= 7 =1382.4¢ sin 167 — 4608¢ cos16¢
1
—4608¢ ™ cos16t —15360e ¥ sin16¢
a=-13977.6¢"*% sin16¢ —9216¢~*® cos16¢
(a) Atr=0, x, =0 X, =0mm <«
Vo =960 mm/s Vo =960 mm/s — 4
ay =—9216 mm/s’ a, =9220 mm/s*> ~— <
(b) Atr=0.3s, e = 71 2 0.23692

sin16¢ =sin4.8 =—-0.99616
cos16t =cos4.8 =0.08750

Xy3 = (60)(0.23692)(~0.99616) = —14.16 %3 =14.16 mm ~— 4

Vo3 = —(288)(0.23692)(~0.99616)
+(960)(0.23692)(0.08750) = 87.9 Vo3 =87.9 mm/s — 4

ay5 = —(13977.6)(0.23692)(-0.99616)
—~(9216)(0.23692)(0.08750) = 3108 ay5 =3110 mm/s® <

or 3.11 m/s*> — <«
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PROBLEM 11.5

The motion of a particle is defined by the relation x = 6¢* —2¢> —12¢ + 3¢ + 3, where x and  are expressed in
meters and seconds, respectively. Determine the time, the position, and the velocity when a = 0.

SOLUTION
We have x=6t" =26 —12¢> +3r +3
Then v & 248 — 61> =241 +3
dt
and a=ﬂ=72t2—12t—24
dt
When a=0: 721> =121 =24 =12(6¢> =1 —2) =0
or Bt=2)2t+1)=0
2 1 .
or t=§s and tz—zs (Reject) 1=0.667 s 4
4 3 2
Attzgs: Xy3 =06 2 -2 2 -12 2 +3 2 +3 or  X,;=0259m <
3 3 3 3 3
3 2
v2,3:24[§] —6[%) —24[§]+3 or v,;=-8.56 m/s 4
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PROBLEM 11.6
The motion of a particle is defined by the relation x => —9¢> + 24r —8, where x and ¢ are expressed in inches
and seconds, respectively. Determine (a) when the velocity is zero, (b) the position and the total distance
traveled when the acceleration is zero.
SOLUTION
We have x=1r —9* +24r -8
Then v=B 32 18424
dt
and a= _ 6r—18
dt
(@) When v=0: 312 18t +24=3(1* -6t +8)=0
t-2)(t-4)=0
t=2.00s and r=4.00s 4
(b) When a=0: 6r—18=0 or tr=3s
Atr=3s: X, =(3)°-9(3)* +24(3) -8 or x;=10.00 in. 4
First observe that 0<fr <2 s: v>0
2s<t<3s: v<0
Now
Att=0: X, =-8in.
Atr=2s: x, =(2)° =9(2)* +24(2) -8 =12 in.
; -
1 A i %
- m. D oM, (LN,
() (3s8) (29)
Then X, —x, =12—(-8) =20 in.
[ x3 —x,1=110-12I=2 in.
Total distance traveled = (20 +2) in. Total distance =22.0 in. 4
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PROBLEM 11.7
The motion of a particle is defined by the relation x = 2¢> —15¢> + 24z + 4, where x is expressed in meters
and ¢ in seconds. Determine (a) when the velocity is zero, (b) the position and the total distance traveled when
the acceleration is zero.
SOLUTION
x=20 —15t* + 24t +4
v:d—);:6tz —30r+24
= % =12t-30

(@) v=0when 61> =30t +24=0

6(t—D(t—-4)=0 t=1.000s and r=4.00s 4
(b)) a=0 when 12t -30=0 t=25s

For t=2.5s: x5 =2(2.5)° —15(2.5)* +24(2.5) + 4
X5 =+1.500 m <
To find total distance traveled, we note that
v=0whent=1s: x, = 2(1)° =15(1)* +24(1) + 4
x;=+15m

For =0, X, =+4m
Distance traveled
From r=0toz=1s: X —Xy=15-4=11m—
From t=1stot=2.5s: X5 —x=15-15=13.5m-—
Total distance traveled =11 m+13.5 m Total distance=24.5 m <«
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PROBLEM 11.8
The motion of a particle is defined by the relation x = 7> — 61> —36r — 40, where x and f are expressed in feet
and seconds, respectively. Determine (a) when the velocity is zero, (b) the velocity, the acceleration, and the
total distance traveled when x =0.
SOLUTION
We have x=1"—6t" =361 —40
Then =P 32 121 -36
dt
and a= _ 6r—12
dt
(@) When v=0: 312 121 -36=3(" -4t -12)=0
or t+2)(t-6)=0
or t=-2s (Reject) and 7=6s 1=6.00s 4
(b) When x=0: £ —61> =36t—40=0
Factoring (t—=10)(t+2)t+2)=0 or t=10s
Now observe that 0<t<6s: v<0
6s<t<10s: v>0
and at t=0: X, =—40 ft
t=6s: xs = (6)” —6(6)* —36(6) — 40
=-256 ft
t=10s: vy = 3(10)* —12(10) - 36 or v,=144.0 ft/s 4
a,, = 6(10)—12 or a, =480 ft/s* 4
s
L
1 1 x
- it -40%k O
s ) o)
Then [ x5 — x5l =1-256 — (—40)I = 216 ft
X — X =0—(-256) =256 ft
Total distance traveled = (216 + 256) ft Total distance =472 ft 4
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PROBLEM 11.9

i v=0
ﬁ-‘" & The brakes of a car are applied, causing it to slow down at a
rate of 10 m/s’. Knowing that the car stops in 100 m,
300 & ‘ determine (a) how fast the car was traveling immediately
” ' before the brakes were applied, (b) the time required for the
car to stop.
SOLUTION
a=-10 ft/s*
(a) Velocity at x=0.
vﬂ =a=-10
dx

jvo vdv = —j Oxf (~10)dx

2
V,
0 —70 =—10x, =—(10)(300)

Vg = 6000 vo =715 ft/s> 4
(b)  Time to stop.
_ a=-10
dx
0

dv = —jO” ~10d

Yo

0-v, =—10r,
=N _TT5 t,=775s 4
10 10
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PROBLEM 11.10

The acceleration of a particle is directly proportional to the time t. At =0, the velocity of the particle
is v=16 in./s. Knowing that v =15 in./s and that x =20 in. when ¢ =1s, determine the velocity, the position,
and the total distance traveled when =7 s.

SOLUTION

We have

Now

At r=0,v=161in./s:

or

or

At t=1s,v=151in./s:

or

Also

At r=1s,x=201n.:

or

or

Then

Atr=7s:

When v=0:

a=kt k=constant

ﬂ=a=kl‘
dt
v t
dv=| ktdt
j16 v IO
v—16=ikr2
2

v= 16+%kt2(in./s)

15 in./s =16 in./s +%k(1 s)?

k=—2in/s® and v=16-¢°

& 16—
dt

j;dx - Lr(m —)dt

x—20={16t—1t3}
3

t

1

x:—l 3 +16t+£(in.)
3 3

v, =16—(7)?

X, =—§(7)3 +16(7)+§ or

16-2=0 or t=4s

or v, =-33.0in/s 4

X, =2.00 in. <
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PROBLEM 11.10 (Continued)
At £=0; =2
t=4s: x4=—%(4)3+16(4)+§=47 in.
Now observe that
0<t<4s: v>0
4s<t<Ts: v<0
il { rI “N
QLA 471w
W
sy 3 4%)
()
Xy —xy =47 B =42.67 in.
Then 3
lx; —x41=12—-471=451n.
Total distance traveled = (42.67 +45) in. Total distance =87.7 in. 4
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PROBLEM 11.11
The acceleration of a particle is directly proportional to the square of the time #. When ¢ =0, the particle is
at x=24 m. Knowing thatat t=6 s, x=96 m and v=18 m/s, express x and v in terms of .
SOLUTION
We have a=kt* k=constant
Now ﬂ=a = kt*
dt
v t 2
At 1=65,v=18 m/s: dv=| kldr
18 6
1,
or v—18=§k(t -216)
or v=18+§k(t3 —216)(m/s)
Also W18+ i -216)
dt 3
X t 1 3
At r=0,x=24 m: dxzj {18+—k(r —216)}#
24 0 3
1. (1,4
or x=24=18t+—k| —t" —-216¢
3 \4
Now
1 (1
At t=6s,x=96 m: 96—24=18(6)+§k[z(6)4—216(6)}
|
or k=—m/s
9
Then x—24=18¢ +l(l)(£,4 —216t)
319 \4
[
or x(t)=—1" +10r+24 <
108
1(1), 5
and v=18+—| — |(t" —216)
319
1 5
or v(it)=—1 +10 <
27
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PROBLEM 11.12

The acceleration of a particle is defined by the relation a = kt*. (a) Knowing that v=-8 m/s when ¢ = 0
and that v=+8 m/s when ¢ =2 s, determine the constant k. (b) Write the equations of motion, knowing also
that x=0 when t=2s.

SOLUTION
a=kt® )
ﬂ =a=kt?
dt

t=0, v=-8m/s and r=2s, v=+8 ft/s
8 2
dv=| ki*dr
@ =],
1 3 4
8—(—8)=§k(2) k=6.00 m/s" 4

(b)  Substituting k =6 m/s* into (1)

ﬂ=a=6t2 a=6t> 4
dr
=0, v=—8 m/s: Vdvzjt6t2dt
-8 0
1 3 3
v=(-8)=160) v=2-8 4
ﬂ=v=21‘3—8
d
X t 3 14 !
1=2s x=0: J' dx:J' 28 —8)dt; x=|—1* -8t
0 2 2 5
1, 1
x=| —r* =81 || —(2)* =82
[2 } [zm <>}
1, 1,
x=5t —8t—8+16 x=5t —-8t+8 <
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= PROBLEM 11.13
. A
| The acceleration of Point A is defined by the relation a = —1.8sin k¢, where a and ¢ are
/5 c expressed in m/s* and seconds, respectively, and k = 3 rad/s. Knowing that x = 0 and
y / v=0.6 m/s when ¢ = 0, determine the velocity and position of Point A when t=0.5 s.
|
B ‘
D
SOLUTION
Given: a =—18sinkt m/s*>, v, =0.6mls, x,=0, k=3radls
t
v—vy = [iadt =-18 [ sinkrdr = %coskt .
1.8
v—0.6= ?(coskt —1) = 0.6¢coskt — 0.6
Velocity: v = 0.6coskt m/s
1 ' 0.6 . !
X=Xy = jovdt =0.6 jocosktdt = 7smkt .
x—0= %(sinkt —0) = 0.2sinkt
Position: x = 0.2sinkt m
When t =0.5s, kt = (3)(0.5) =1.5rad
v = 0.6¢c0s1.5 = 0.0424 m/s v = 42.4 mm/s 4
x =0.2sin1.5 = 0.1995 m x =199.5 mm <
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= PROBLEM 11.14

e A
| The acceleration of Point A is defined by the relation a = —1.08sinkt —1.44cos kt,
gc where a and ¢ are expressed in m/s> and seconds, respectively, and k = 3 rad/s.
////! ' Knowing that x = 0.16 m and v = 0.36 m/s when ¢ = 0, determine the velocity and
¥V 4 position of Point A when t=0.5 s.
)
B [
D
SOLUTION
Given: a = —1.08sin kt —1.44 cos kt m/sz, k = 3 rad/s
Xy = 0.16 m, vy = 0.36 m/s
v—vy = [sadt =—1.08 [ sinktdt —1.44 [ cos kt dt
t t
v—0.36 = @coskt - ﬂsinkt
k 0 0
= @(coskt -1 - ﬂ(sinkt -0
3 3
= 0.36¢coskt — 0.36 — 0.48sin kt
Velocity: v = 0.36coskt — 0.48sin kt m/s
x—xo = [pvdt =036 [ cosktdr — 0.48 [ sinkrdt
t t
x—0.16 = @sinkt + %coskt
k 0 k 0
= 0.36 (sinkt — 0) + 0.48 (coskt — 1)
3 3
= 0.12sinkt + 0.16coskt — 0.16
Position: x = 0.12sinkt + 0.16coskt m
When ¢ =055, kt = (3)(0.5) =1.5rad
v = 0.36cos1.5 — 0.48sin1.5 = —-0.453 m/s v = —453 mm/s 4
x =0.12sin1.5 + 0.16cos1.5 = 0.1310 m x =131.0 mm <
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PROBLEM 11.15

A piece of electronic equipment that is surrounded by

t | packing material is dropped so that it hits the ground with a

00 === ||=
™S || ... D= | § v speed of 4 m/s. After contact the equipment experiences an
A

o = acceleration of a =—kx, where k is a constant and x is the
WO (ONIHR (PRXOGID compression of the packing material. If the packing material
experiences a maximum compression of 20 mm, determine
the maximum acceleration of the equipment.

SOLUTION

Separate and integrate.

I N vdv = —onka dx

Yo

Xf

L, 1, 1, 5 1. 5
— Vi ——vy =——kx =——k
2T T, T r
Use v, =4 m/s, Xy =0.02 m, and vy =0. Solve for k.
1 2 1 2 -2
0—5(4) =—5k(0.02) k =40,000 s

Maximum acceleration.

Amax = _kxmax :

(=40,000)(0.02) = —800 m/s”

a=800m/s2T<
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PROBLEM 11.16

. A projectile enters a resisting medium at x=0 with an initial velocity
—— vo=900 ft/s and travels 4 in. before coming to rest. Assuming that the
D velocity of the projectile is defined by the relation v = v, —kx, where v is
expressed in ft/s and x is in feet, determine (a) the initial acceleration of
the projectile, (b) the time required for the projectile to penetrate 3.9 in.
into the resisting medium.
SOLUTION
First note

When xzift, v=0:
12

or

(a)

(b)

0=(900 ft/s) -k [% ft]

k=2700l
S
We have v=v,—kx
Then azﬂzi(vo—kx)z—kv
dt dt
or a=-k(v, —kx)
At r=0: a=27001(900 ft/s —0)
S
or
We have ﬂzvzvo—kx
dt
Atr=0x=0: [ dx =[ @
(URTA — kx 0
1 x
or —;[ln(v0 —kx)]y =t
or tzlln Yo =lln
k \vg—kx) &k
Wh 39i ! 1 1
en x=3.9in.: t=——In| T 70015739 )
27004 | 1= 50w
or

(

39

12

ft)}

a, =—2.43x10°ft/s> <

t=1.366x10"s «
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PROBLEM 11.17

The acceleration of a particle is defined by the relation a =—k/x. It has been experimentally determined that
v=15ft/s when x=0.6 ft and that v=9 ft/s when x=1.2 ft. Determine (a) the velocity of the particle
when x=1.5 ft, (b) the position of the particle at which its velocity is zero.

SOLUTION

When v=09 ft/s, x=1.2ft

Solve for k.

Substitute

(b)  Position when for v =0,

(a)  Velocity when x =65 ft.

vdv -k
a = =

dx o x

Separate and integrate using x =0.6 ft, v =15 ft/s.

J.vvdv=—k xﬁ
15 0.6 x
lv2 =—klnx
2 15 0.6
1 2 1 2 X
—v' =—(15°"=—kIn| — 1
AR (0.6) W

1 . 1., 1.2

—9)? =152 =k In| ==

2() 2() (0.6]
k =103.874 ft*/s>

k=103.874 ft*/s*> and x=1.5ft into (1).

lvz —1(15)2 =-103.8741n 15

2 2 0.6
v =5.89 ft/s 4

0-L (15 =—103.874 h{ij

2 0.6
ln(ij=1.083
0.6

x=1.772 ft <
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PROBLEM 11.18

| A brass (nonmagnetic) block A and a steel magnet B are in equilibrium in a brass
— tube under the magnetic repelling force of another steel magnet C located at a
q distance x = 0.004 m from B. The force is inversely proportional to the square of
the distance between B and C. If block A is suddenly removed, the acceleration

T of block B is a=—9.81+k/x2, where a and x are expressed in m/s> and m,
f respectively, and k=4x10""m’/s*>. Determine the maximum velocity and

: acceleration of B.
al
o, |, £ J -

SOLUTION

The maximum veolocity occurs when a = 0. 0=-981+—

,  k _4x10™

== =40.775x10°m*>  x, =0.0063855 m
9.81 981

The acceleration is given as a function of x.

vﬂ=a=—9.81+i
dx X2

Separate variables and integrate:

vdy = —9.8ldx+¥

by
x dx
2

Xo X

J.(:vdvz—9.81j-;dx+k.|.

Ly =—9.81(x—x0)—k(l—i]
2 X

Xo
lv,i =-9.81(x,, —x,) — k[i—iJ
2 X, X
" 1 1
=-9.81(0.0063855 —0.004) — (4x107*) -
0.0063855  0.004
=-0.023402 + 0.037358 = 0.013956 m? /s>
Maximum velocity: v, =0.1671 m/s v, =167.1 mm/s | <4

The maximum acceleration occurs when x is smallest, that is, x =0.004 m.

_4
a0 =—9814+-x10 a, =1519 m/s* | <

(0.004)*
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PROBLEM 11.19

Based on experimental observations, the acceleration of a particle is defined by the relation a =—(0.1+ sin x/b),
where a and x are expressed in m/s> and meters, respectively. Knowing that »=0.8 m and that v=1m/s
when x =0, determine (a) the velocity of the particle when x=—-1m, (b) the position where the velocity is
maximum, (c) the maximum velocity.

SOLUTION
We have vﬂzaz—(0.1+sini)
X 0.8
When x=0, v=1m/s: J'Vvdv:jx—(o.nsini]dx
1 0 0.8
1 2 X *
or - =-1)=—-0.1x-0.8 cos—
2 0.8,
or L - 01x+08cos—*—03
2 0.8
1, -1
(@)  When x=—1m: —v°=-0.1(-1)+0.8cos——-0.3
2 0.8
or v=%0.323 m/s 4
(b) When v=v,_, a=0: —(0.1+sinij =0
0.8
or x=-0.080134 m x=-0.0801m <«

(¢)  When x=-0.080134 m:

~0.080134

%vﬁm =—-0.1(-0.080 134) + 0.8 cos 0.3

=0.504 m?/s?
or Viax =1.004 m/s 4
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PROBLEM 11.20

A spring AB is attached to a support at A and to a collar. The
unstretched length of the spring is /. Knowing that the collar is

released from rest at x = x; and has an acceleration defined by the

’ relation a = —100(x — Ix/N/I> + x* ), determine the velocity of the

collar as it passes through Point C.

|-._ R —

SOLUTION
dv Ix
Since a is function of x, a=v—=-100| x ———
dx V2 + 12

Separate variables and integrate:

J'vadvz—looj'o UL S PN
%o

Vo IIZ_'_XZ
1, 1 g '
v — =2 =-100] T IV + 22
27 2 2

2
S\ Ty . RN R
2 2

Vi =%(—12 a2 =12 =2J1* +x3)
=@( I +x; —1)

v, =10/1° + x5 —1) 4
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PROBLEM 11.21

The acceleration of a particle is defined by the relation a =-0.8v where a is expressed in m/s”> and
v in m/s. Knowing that at # =0 the velocity is 1 m/s, determine (a) the distance the particle will travel
before coming to rest, (b) the time required for the particle’s velocity to be reduced by 50 percent of its
initial value.

SOLUTION
(a)  Determine relationship between x and v.
a=2Y_ 08 dv=—08dx
dx

Separate and integrate with v=1m/s when x=0.

Lvdvz—O.ijOxdx

v—1=-0.8x
Distance traveled.
For v=0, x=—L o x=125m <«
-0.8
(b)  Determine realtionship between v and t.
a= ﬂ =0.8v
dt

v _ —IXO.Sdt

1y 0
v 1
1 A%

t=1.251n(ij 1=0.866s 4
0.5

For v=0.5(1 m/s)=0.5 m/s,
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PROBLEM 11.22

Starting from x = 0 with no initial velocity, a particle is given an acceleration a =0.1yv* +16,
where a and v are expressed in ft/s” and ft/s, respectively. Determine (a) the position of the
particle when v = 3ft/s, (b) the speed and acceleration of the particle when x =4 ft.

SOLUTION
=M 0107 +16)12 (1)
X
Separate and integrate.
v vdv x
——=| 0.1dx
J-o [2 116 J-o

(2 +16)“2‘; =0.1x

vV +16)"? —4=0.1x

x=10[(v* +16)"* — 4] (2)
(a) v =3 ft/s.
x=10[(3* +16)"* — 4] x=10.00 ft «
(b) x=4ft.
From (2), (W +16)"? =4+0.1x=4+(0.1)(4) = 4.4
v +16=19.36
v =3.36ft%/s? v=1.833ft/s 4
From (1), a=0.1(1.833" +16)"* a=0.440 ft/s* <
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PROBLEM 11.23

A ball is dropped from a boat so that it strikes the surface of a lake
with a speed of 16.5 ft/s. While in the water the ball experiences an
acceleration of a =10-0.8v, where a and v are expressed in ft/s’
and ft/s, respectively. Knowing the ball takes 3 s to reach the
bottom of the lake, determine (a) the depth of the lake, (b) the speed
of the ball when it hits the bottom of the lake.

SOLUTION

Separate and integrate:

or

With v, =16.51t/s

a=ﬂ=10—0.8v
dt

I 10f(v).8v=ﬁdt

v
=t

Vo

In M =_0.8¢
10-0.8v,

|
~ L hao-os
08¢ V)

10-0.8v = (10— 0.8, )e ¥

0.8v =10~ (10— 0.8v,)e ¥
v=12.5-(12.5-v,)e ¥

v=12.5+4¢ "%
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PROBLEM 11.23 (Continued)

Integrate to determine x as a function of 7.

v= P 10544008
dr

J' “dx = J' 125+ 4¢ 0% )
0 0

x=12.5t—5¢7%

; 12,51 —5¢70% 45
(@) Att=35s,
x=12.53) = 5¢>* +5=42.046 ft x=42.0ft <

(b)  v=125+4e** =12.863 ft/s v=12.86 ft/s 4
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PROBLEM 11.24

The acceleration of a particle is defined by the relation a = —k~/v, where k is a constant. Knowing that x =0
and v = 81 m/s at t = 0 and that v = 36 m/s when x = 18 m, determine (a) the velocity of the particle when
x =20 m, (b) the time required for the particle to come to rest.

SOLUTION
dv
(@)  We have y—=a=—kJv
dx
so that \/; dv =—kdx
When x =0, v=81m/s: IV\/;dvzjx—kdx
81 0
or %[1}3/2 —729]=—kx
When x=18 m, v =36 m/s: %(363’2 —729) = —k(18)
or k =19vm/s>
Finally
When x =20 m: %(v” —729) =-19(20)
or v =159 v=293 m/s 4
(b) We have ﬂ=a=—19\/;
dt
At £=0,v=81 m/s: J-Vﬂzjr—l%’t
’ ’ 81\/; 0
or AV, =191
or 2y —9)=—19¢
When v=0: 2(-9)=-19¢
or t=0947s 4
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PROBLEM 11.25
A particle is projected to the right from the position x =0 with an initial velocity of 9 m/s. If the acceleration
of the particle is defined by the relation a=-0.6v"">,where a and v are expressed in m/s> and m/s,
respectively, determine (a) the distance the particle will have traveled when its velocity is 4 m/s, (b) the time
when v=1m/s, (c¢) the time required for the particle to travel 6 m.
SOLUTION
dv 312
(@) We have v—=a=-0.6v
dx
When x=0, v=9 m/s: J-Vv_(m)dv=J-x—0.6dx
9 0
or 2?1y =—0.6x
or x:l@—v”) (1)
0.3
When v =4 m/s: x=(3-412)
0.3
or x=3.33m <«
dv 312
(b) We have —=a=-0.6v
dt
When =0, v=9 m/s: .[vv_“/z)dv = .[ t—0,6dt
9 0
or —2[y~1"2 Jo =—0.6¢
1 1
or ———=0.3¢
B3
1 1
When v=1m/s: —-—=0.3¢
J13
or 1=222s 4
(¢)  Wehave L—1—0 3t
w3
(=)
or V= = 3
1+0.9¢ 1+0.9t)
Now ﬂ =y = Lz
dt (1+0.91)
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PROBLEM 11.25 (Continued)

At1=0, x=0: [far=]' 2 a
0 0(1+0.91)
t
0.91+0.9¢ |,
1ol 11—
1+0.9¢
9
1+0.9¢
When x=6 m: 6=L
1+0.9¢
or t=1.667s <

An alternative solution is to begin with Eq. (1).

1 1/2
x=—Q@0@-v
0.3( )
Then ax =v=(3-0.3x)"
dt
Now
At1=0, x=0: [ <[
0(3-0.3x) 0
1 [ 1 } x
or t=— =
03]13-03x], 9-09x

which leads to the same equation as above.
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PROBLEM 11.26
The acceleration of a particle is defined by the relation a =0.4(1-kv), where k is a constant. Knowing that
at t =0 the particle starts from rest at x =4 m and that when ¢ =15s, v=4 m/s, determine (a) the constant &,
(b) the position of the particle when v =6 m/s, (c) the maximum velocity of the particle.
SOLUTION
dv
(a) Wehave o =a=04(1-kv)
t
v t
At =0, v=0: | v =[ 04ar
0l—kv Jo
1 v
or —;[ln(l —kv)]; =0.4¢
or In(1-kv)=-0.4kt ()
At t=15s, v=4m/s: In(1-4k)=-0.4k(15)
=—6k
Solving yields k=0.145703 s/m
or k=0.1457 s/m 4
dv
(b) We have v—=a=04(1-kv)
dx
When x=4m, v=0: [ vy = [ "04ax
0l—kv J4
Now v 1, W
I—kv k 1-kv
v 1 1 x
Then j _—t— dvzj 0.4dx
o k k(-kv) 4
or YL ok | o4
koK o
or Y -k |= 04— )
ko k? '
6 1
When v =6 m/s: - + 5 In(1-0.145703x6) | =0.4(x—4)
0.145703  (0.145703)
or 0.4(x—4)=56.4778
or x=1452m <
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PROBLEM 11.26 (Continued)

(¢)  The maximum velocity occurs when a = 0.

a=0: 04(0-kv,,)=0

max

1

or vmax P
0.145703

or Viax = 0.86 m/s 4

An alternative solution is to begin with Eq. (1).

In(1-kv) =—-0.4kt
1 ~0.4kt
Then V= ; (1-k )

Thus, v is attained as ¢ —»= oo

max

as above.
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PROBLEM 11.27

Experimental data indicate that in a region downstream of a given louvered
supply vent the velocity of the emitted air is defined by v=0.18v,/x,
where v and x are expressed in m/s and meters, respectively, and v, is the
initial discharge velocity of the air. For v, =3.6 m/s, determine (a) the
acceleration of the air at x=2 m, () the time required for the air to flow
from x=1 tox=3 m.

SOLUTION
(@) We have a= vﬂ
dx
_ 0.18vy d (0.18y,
x dx X
_0.0324v;
JE
2
When x=2 m: az—w
2y
or a=-0.0525 m/s> <4
(b)  We have dx_, 018
dt X
3 fy
From x=1mto x=3m: j xdx=| 0.18v, dt
1 4
1,7
or —x" | =0.18v,(t; —1,)
2
LO-1
or (t;—1) =M
; 0.18(3.6)
or t,-1,=6.17s 4
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PROBLEM 11.28
”~
5y Based on observations, the speed of a jogger can be approximated by the
/4 relation v =7.5(1—0.04x)"*, where v and x are expressed in mi/h and miles,
o3 respectively. Knowing that x=0 at =0, determine (a) the distance the
¢ g jogger has run when f=1h, (b) the jogger’s acceleration in ft/s* at =0,
(c) the time required for the jogger to run 6 mi.
SOLUTION
(@) Wehave ;ﬂ =v=7.51-0.04x)""
t
At1=0, x=0: [ = [ 75
0 (1-0.04x)" 0
or L [(1-0.04x)"71% =7.5¢
0.7\ 0.04 ' o
or 1-(1-0.04x)"" =0.21r (1)
1 1/0.7
or x=——-I1-(1-0.21z
0.04[ ( o
1 1/0.7
At t=1h: x=——{1-[1-0.211
00 4{ [ M}
or x=7.15mi 4
(b) We have a= vﬂ
dx
=7.5(1-0.04x)"’ di[7.5(1 —0.04x)"]
by
=7.5%(1-0.04x)"°[(0.3)(=0.04)(1 - 0.04x) 7]
=-0.675(1-0.04x)""*
2
At =0, x=0: 4y =—0.675 mi/h? x 2201t [_1h
1 mi 3600 s
or a, =-275x107° ft/s* «
(¢) FromEq. (1) t= L[1 —(1-0.04x)"7]
0.21
: 1 0.7
When x =6 mi: t=——{1-[1-0.04(6)]"
021 {1-[ )1}
=0.83229h
or t=49.9 min 4
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Ep——r PROBLEM 11.29
|
| The acceleration due to gravity at an altitude y above the surface of the earth can be
: i expressed as
| -
|
| =322
| a=
! (14 (v/20.9%x10%)1?
where a and y are expressed in ft/s> and feet, respectively. Using this expression,
compute the height reached by a projectile fired vertically upward from the surface
of the earth if its initial velocity is (a) 1800 ft/s, (b) 3000 ft/s, (c) 36,700 ft/s.
SOLUTION
We have v?zaz—L2
T ()
20.9%10
When y=0, V=1,
provided that v does reduce to zero, Y= Ymax» V=0
0 Ymax  —32.2
Then | Lvdv= [ —a
(1)
20910
ymax
1, 6 1
or —Evo =-32.2| -20.9x10 .
20.9x10° |
or vy =1345.96x10°| 1- 1},
20.9x10°
2
or Ymax = V—Oz
64.4——"
20.9%10
2
(@ v, =1800 ft/s: y =800
64.4 — 130
20.9x10°
or Vo =50.4x10° ft 4
2
B) vy =3000 ft/s: y = B000"__
64.4 — %0
20.9x10°
or Vo =140.7x10° ft <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

37

STUDENTS-HUB.com


https://students-hub.com

PROBLEM 11.29 (Continued)

2
() v, =236,700 ft/s: = LOO)Z =-3.03x10"ft
64.4 — (36,700)
20.9x10°

This solution is invalid since the velocity does not reduce to zero. The velocity 36,700 ft/s is above the
escape velocity v, from the earth. For v, and above.

oo d

y max
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— PROBLEM 11.30

The acceleration due to gravity of a particle falling toward the earth is a = —gR*/r*, where r
is the distance from the center of the earth to the particle, R is the radius of the earth, and g
is the acceleration due to gravity at the surface of the earth. If R =3960 mi, calculate the
escape velocity, that is, the minimum velocity with which a particle must be projected
vertically upward from the surface of the earth if it is not to return to the earth. (Hint: v=0

for r=o0.)
SOLUTION
2
We have vﬂ=a=—%
dr r
When =R, v=v,
r=oco, v=0
h S
then J-vev V—IR— 2 r
2 r g
or :
(2><322 fi/s? x 3960 mi x 22001 ft)
1 mi
or v, =36.7x10° ft/s «
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PROBLEM 11.31
The velocity of a particle is v =v,[1—sin(z#/T)]. Knowing that the particle starts from the origin with an
initial velocity v,, determine (a) its position and its acceleration at ¢ =37, (b) its average velocity during the
interval t=0 to t="T.
SOLUTION
(@) We have ﬁz":"o 1—sin t
dt T
X t
At 1=0,x=0; dx=| vo[l—sin(ﬂﬂdt
0 0 T
T (=] T (@) T
X=v,|t+—cos| — || =v,|t+—cos| — |—— (1)
V4 T )], V1 T) &
At t=3T: Xr = Vo {3T +Zcos(”X3T]—Z} =V (3T —Z—T] Xy =236y, T <
’ V4 T V2 V4 ’
dv _d . [ &t T 7
a=—=—1V,|1l=sin| — || =—v, =cos—
dt dt T T T
T T Xx3T TV,
At t=3T: gy ==V €08 = ‘137:70 <
() Using Eq. (1)
At t=0: x0=v0[0+zcos(0)—z}=0
V4 V3
At t=T: xT=v0[T+Zcos(”—Tj—z}zvo[T—z—T)zOS&vOT
V1 T V1 V4
- ) T-—
Now y,, =2 =% _0-363%T =0 v, =0.363y, 4
At T-0
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PROBLEM 11.32

The velocity of a slider is defined by the relation v =v'sin (@, + ¢). Denoting the velocity and the position
of the slider at r=0 by v, and x,, respectively, and knowing that the maximum displacement of the slider
is 2x,, show that (a) v'=(y] +xj@ )/2x,®,, (b) the maximum value of the velocity occurs when
x = x,[3 = (vy/x,@,)* 1/2.

SOLUTION
(@ Atr=0,v=v,: vo =V'sin(0+¢) =v'sin ¢
L]
Then cosg =" =1} /v' M'So
Now & _ v=1'sin (@, + @)
dt
At1=0 Yax={'vsi d
tt=0,x=x,: LO x—jov sin (w,t + @)dt
1 t
or x—x,=V|——-cos(m,t+ @)
o, o
or X=X +V—[cos¢—cos(a)nt+¢)]
o,

n

Now observe that x,, occurs when cos (@, +¢@) =—1. Then

X, = 2%, = X, +——[cos g — (~1)]
,

n

’ 2 2
L. v V. =V
Substituting for cos¢@ Xg=—|—F—+1
o, v
’_ 7”2 2
or Xg@, =V =4[V =y
Squaring both sides of this equation
2 2 . _ .2 2
X0, —2x,0, +V'7 =V =y
2, 2.2
Vo T Xo 0,
or s Q.E.D.
2x,0,
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PROBLEM 11.32 (Continued)

(b)  First observe that v, occurs when @,f + ¢ =7.. The corresponding value of x is

Vv 7
X, =X,+—1|cos¢—cos| —
, 2

max
n

’
v

=X, +——cCos¢
,

n

Substituting first for cos¢ and then for v

’ 72 2
Vv 1% _VO
vmax =x0 + ’
, v
) 12
1 vg +x§a)3 2
=xy+— -
, 2x,,
4 1 4_’_2222_'_44_4222“2
=X 7 \Vo T2V Xo @ + X, —aXe @0,V
2x,;
12
_ 1 2 2 2?2
=X, + = (%@, —vg
2x,w,
@, = vy
—X0+ 5
2x,w;,
2
X, v,
=93] =2 Q.E.D.
2 Xy @,
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PROBLEM 11.33

A stone is thrown vertically upward from a point on a bridge located 40 m above the water. Knowing that it
strikes the water 4 s after release, determine (a) the speed with which the stone was thrown upward, (b) the
speed with which the stone strikes the water.

SOLUTION

Uniformly accelerated motion. Origin at water. +T
1 >
Y=Yy tvyt+—at
2
v=yv,tat
where y, =40m and a=-9.81m/s".
(a) Initial speed.
y=0 when t=4s.
1 2
0=40+v,(4) - 5(9.81)(4)
v, =9.62 m/s v, =9.62m/s | «
(b)  Speed when striking the water. (vatt=45s)

v=9.62-(9.81)(4) =-29.62 m/s v=29.6m/s , 4
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PROBLEM 11.34

A motorist is traveling at 54 km/h when she observes
that a traffic light 240 m ahead of her turns red. The
[ traffic light is timed to stay red for 24 s. If the motorist

[om

26

! 240 m

wishes to pass the light without stopping just as it
| turns green again, determine (a) the required uniform

deceleration of the car, (b) the speed of the car as it
passes the light.

SOLUTION

Uniformly accelerated motion:

1
(a) x=x0+v0t+5at2

when t=24s, x=240m:

b) v=y,tat

when ¢ =24s:

X, =0 v,=54km/h=15m/s

240m =0+ 15 m/s)(24 s) +%a(24 5)?

a=-0.4167 m/s> a=-0417 m/s*> 4

v=(15m/s) +(-0.4167 m/s)(24 s)
v =5.00 m/s
v =18.00 km/h v=18.00 km/h «
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PROBLEM 11.35

30 mi
ik
A motorist enters a freeway at 30 mi/h and accelerates uniformly
h to 60 mi/h. From the odometer in the car, the motorist knows
that she traveled 550 ft while accelerating. Determine (a) the
acceleration of the car, (b) the time required to reach 60 mi/h.

SOLUTION
(@)  Acceleration of the car.
Vi =vg +2a(x; —xy)
_ v
2(x, — xy)
Data: vy =30 mi/h = 44 ft/s
v, =60 mi/h =88 ft/s
X, =0
x, =550 ft

- (88)° —(44)’
(2)(55-0)

a=>5.28 ft/s> 4

(b)  Time to reach 60 mi/h.

v, =vy +a(t,—t)

V1 = Vo

=8333s f,—1,=833s 4
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PROBLEM 11.36

‘ A group of students launches a model rocket in the vertical direction. Based on tracking

data, they determine that the altitude of the rocket was 89.6 ft at the end of the powered

- portion of the flight and that the rocket landed 16 s later. Knowing that the descent

: parachute failed to deploy so that the rocket fell freely to the ground after reaching its

maximum altitude and assuming that g =32.2 ft/s>, determine (a) the speed v, of the
rocket at the end of powered flight, (») the maximum altitude reached by the rocket.

SOLUTION
(@) Wehave y=y vt +%at2
'Jt:o At fngs y=0
Ao oAb Then 0=89.6 ft +v,(16s)
+%(—32.2 ft/s*)(16 5)*
X 'JL Y=Y =252 ft/s 4
&, PNy or v S
1;&& (b)) We have vi=vi+2a(y—-y,)
B AT FTVEN At Y=Y V=0
Then 0= (252 ft/s)* +2(=32.2 ft/s*)(y,,,, —89.6) ft
or Vimax = 1076 ft 4
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PROBLEM 11.37

/%‘\\ A small package is released from rest at A and

\ . 3 ...ﬂ /\ moves along the skate wheel conveyor ABCD.

T U The package has a uniform acceleration of
3m @ o 8 o 8 o g

\/ T \ d 4.8 m/s? as it moves down sections AB and CD,

: \\/ and its velocity is constant between B and C. If

e /] the velocity of the package at D is 7.2 m/s,

\ 8 e
N3 - determine (a) the distance d between C and D,
(b) the time required for the package to reach D.

SOLUTION

(a) ForA— Band C — D we have

Vi =) +2a(x - x,)

Then, at B Vie =0+2(4.8 m/s*)(3-0) m
=28.8 m*/s’ (Vge =5.3666 m/s)
and at D Vi =v§c +2ac,(xp —x0) d=x,—xc
or (7.2 m/s)* =(28.8 m*/s?) +2(4.8 m/s*)d
or d=240m <«
(b) ForA— Band C— D we have
v=y,t+at
Then A — B 5.3666 m/s =0+ (4.8 m/s* )z,
or ty =1.11804 s
and C— D 7.2 m/s = 5.3666 m/s + (4.8 m/s*)t,,
or tep =0.38196 s
Now, for B— C, we have Xo = Xp + Vgelge
or 3m=(5.3666 m/s)t,.
or tge =0.55901 s
Finally, th =tug +1ge +top =(1.11804+0.55901+0.38196) s
or t, =2.06s 4
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PROBLEM 11.38

A sprinter in a 100-m race accelerates uniformly for the first 35 m and then runs
with constant velocity. If the sprinter’s time for the first 35 m is 5.4 s, determine
(a) his acceleration, (b) his final velocity, (c¢) his time for the race.

F_
SOLUTION
Given: 0<x<35m, a=constant
35m<x<100m, v=constant
Att=0, v=0 when x=35m, ¢t=54s
Find:
(@ a

(b) vwhen x=100m

(¢) twhen x=100m

Wl Py ]
) %ﬂr ) B

(@) We have x= O+Ot+2at for 0<x<35m

At t=54s: 35m=%a(5.4 s)?

or a =2.4005 m/s*

a=2.40 m/s> <

(b) Firstnote that v=v_, for 35 m<x<100 m.

Now > =0+2a(x—0) for 0<x<35m

When x=35m: V2. =2(2.4005 m/s*)(35 m)

or Viax = 12.9628 m/s Viax =12.96 m/s 4
(¢) Wehave x=x+vy(t—¢t,) for 35m<x<100m

When x =100 m: 100 m=35m+(12.9628 m/s)(t, —5.4) s

or t,=1041s <
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PROBLEM 11.39
/v‘ﬁ -— As relay runner A enters the 20-m-long exchange zone with a
A8 ' & J B speed of 12.9 m/s, he begins to slow down. He hands the baton to
/7 3 runner B 1.82 s later as they leave the exchange zone with the
{ < ¥ L same velocity. Determine (a) the uniform acceleration of each of
? * | the runners, (b) when runner B should begin to run.
| 20m |
SOLUTION
1 2
(a)  For runner A: Xy =0+(VA)01+EC’A’
At t=1.82s: 20 m = (12.9 m/s)(1.82 s)+%aA(l.82 s)*
or a, =-2.10 m/s* <
Also Vy =V +aut
At t=1.82s: V. )1g0 = (129 m/s) +(=2.10 m/s*)(1.82 5)
=9.078 m/s
For runner B: vy =0+2a, [x; —0]
When xp=20m, vy=v,: (9.078 m/s)* =2a,(20 m)
or ag =2.0603 m/s’
ay =2.06 m/s* <4
(b)  For runner B: vg =0+ag(t—tg)
where ¢, is the time at which he begins to run.
At r=1.82s: 9.078 m/s = (2.0603 m/s*)(1.82 —1,)s
or tp =—2.59s
Runner B should start to run 2.59 s before A reaches the exchange zone. 4
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////)\ PROBLEM 11.40
= “"fﬁ A In a boat race, boat A is leading boat B by 50 m
. and both boats are traveling at a constant
speed of 180 km/h. At ¢t=0, the boats
accelerate at constant rates. Knowing that

. when B passes A, t=8s and v, =225 km/h,
i B determine (a) the acceleration of A, (b) the

— = : ~
5 acceleration of B.

SOLUTION
(a) Wehave V=)o +ayt
(v4)o =180 km/h =50 m/s
At t=8s: v, =225 km/h = 62.5 m/s
Then 62.5 m/s =50 m/s +a,(8s)
or a, =1.563 m/s* 4
(b)) We have

X, = (X0 + (v,)ot +%aAt2 =50 m+ (50 m/s)(8 s) +%(1.5625 m/s*)(8s)* =500 m

and xp =0+ (VB)Ot+%aBt2 (vg)o =50 m/s
At t=8s: X, =Xg
500 m = (50 m/s)(8 s) +%a3 (8s)°

or ay =3.13m/s*> <
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PROBLEM 11.41

A police officer in a patrol car parked in a 45 mi/h speed zone observes a passing automobile traveling at a
slow, constant speed. Believing that the driver of the automobile might be intoxicated, the officer starts his
car, accelerates uniformly to 60 mi/h in 8 s, and, maintaining a constant velocity of 60 mi/h, overtakes the
motorist 42 s after the automobile passed him. Knowing that 18 s elapsed before the officer began pursuing
the motorist, determine (a) the distance the officer traveled before overtaking the motorist, (b) the motorist’s

speed.
SOLUTION
—a
('KO]“_ -~
—r (NS
G2 |\ GEP G EomtPe
19 122es i=a2%
(vpig =0 (Vp )y =60 mi/h =88 fi/s (vp)gr =90 mi/h =88 ft/s

(a) Patrol car:

For 18 s<t<26s: vp =0+ap(t—18)

At t=26s: 88 ft/s=a,(26-18) s

or ap =11 fs?

Also, Xp =O+0(t—18)—%a,,(t—18)2

At t=26s: (Xp)ag = %(11 ft/s*)(26 —18)* =352 ft

For 26s<t<42s: Xp = (Xp)ag + (Vp)oe(t —26)

At t=42s: (xp)ap =352 m+ (88 ft/s)(42 - 26)s

=1760 ft
(xp)sr =1760 ft <«

(b) For the motorist’s car: Xy =0+ vyt

At t=42s,xy, =xp: 1760 ft =v,, (42 s)

or vy =41.9048 ft/s

or vy, =28.6 mi/h 4
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PROBLEM 11.42

Automobiles A and B are traveling in adjacent highway lanes

- — and at r =0 have the positions and speeds shown. Knowing

that automobile A has a constant acceleration of 1.8 ft/s> and
that B has a constant deceleration of 1.2 ft/sz, determine

(a) when and where A will overtake B, (b) the speed of each
automobile at that time.

SOLUTION

Motion of auto A:

Motion of auto B:

a

L =+18 fts*  ay =—1.2 fus?

(v4)p = 24 mi/h =352 fi/s

(v3) =36 mi/h = 52.8 ft/s A overtakes B
z =g,
Y- —— ——— tO _
= (BN
GA AR Cal s
0 4—lvg)m %t —
¥s
un .
V=) +a,t=352+1.8 (1)
1, 1 )
XAZ(XA)0+(VA)0t+E‘1At =0+35.2t+5(1.8)t 2)
Vg =(vg)y +agt=52.8—-1.2t 3)
1 2 1 2
xp = (g + (Dot + gt =75 +5280+ (=120 (4)

(a) Aovertakes B at t=¢,.

Eq. (2):

X, =xp: 35.2t+0.9¢8 =75+52.8t, — 0.6
1.5t —17.6t, =75=0
t,=-322s and 1, =15.0546 1,=15.05s 4

x, =35.2(15.05) +0.9(15.05)* x, =734 ft 4
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PROBLEM 11.42 (Continued)

(b) Velocities when £ =15.05s

Eq. (1): v, =35.2+1.8(15.05)

v, =62.29 fi/s v, =42.5 mi/h —v 4
Eq. 3): vy =52.8-1.2(15.05)

vy =34.74 ft/s vy =23.7 mi/h —» 4
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PROBLEM 11.43

Two automobiles A and B are approaching each other in adjacent highway lanes. At#=0, A and B are 3200 ft
apart, their speeds are v, =65 mi/h and vz =40 mi/h, and they are at Points P and Q, respectively. Knowing
that A passes Point Q 40 s after B was there and that B passes Point P 42 s after A was there, determine (a) the
uniform accelerations of A and B, (b) when the vehicles pass each other, (c¢) the speed of B at that time.

I 65 mi‘h v = 40 mi‘h

<
<ETN 5
- ® I
2 %
! 3200 ft ! ©
SOLUTION
(@)  Wehave X, =04+ ,),t +%aAt2 (v4)p =65 mi/h =95.33 ft/s
(x is positive —=; origin at P.)
At t=40s: 3200 m =(95.333 m/s)(40 s) +%aA (405)> a, =-0.767 ft/s* 4
Also, x5 =0+ (vg),t +%aBt2 (vg)o =40 mi/h =58.667 ft/s
(xp 1S positive =—; origin at Q.)
Att=42s: 3200 ft = (58.667 ft/s)(42 s) +%a3 (42'5)*
or ay =0.83447 ft/s> ay =0.834 ft/s* 4

(b)  When the cars pass each other  x, +x; =3200 ft

Then (95.333 fi/s)r +%(—0.76667 ft/s)r2, + (58.667 ft/s)t +%(0.83447 fi/s> )13, = 3200 ft

or 0.03390¢3 , +154¢ ., —3200 =0
Solving t=20.685s and r=-4563s t>0= typ =20.7s 4
(¢) Wehave Vg =(vg)y +agt
At t=t,p: vy =58.667 ft/s +(0.83447 ft/s*)(20.685 s)
=75.927 ft/s vy =51.8 mi/h 4
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PROBLEM 11.44

An elevator is moving upward at a constant speed of 4 m/s. A man standing 10 m
~  above the top of the elevator throws a ball upward with a speed of 3 m/s. Determine
(a) when the ball will hit the elevator, (b) where the ball will hit the elevator with

respect to the location of the man.
10 m

SOLUTION

Place the origin of the position coordinate at the level of the standing man, the positive direction being up.
The ball undergoes uniformly accelerated motion.

|
Ye =)o +(v3)ot—§gt2

with (y5), =0, (v), =3 m/s, and g =9.81 m/s”.

yp =3t —4.905¢>
The elevator undergoes uniform motion.

Ve = (Yg)o + Vgt
with (y;); =—10m and v, =4 m/s.
(@)  Time of impact. Set yp =y

3t —4.9051* = —10+ 4t
4.905¢* +t-10=0
t=1.3295 and —1.5334 r=1.330s 4

(b)  Location of impact.

vy =(3)(1.3295) - (4.905)(1.3295)* =—4.68 m
yg =—10+(4)(1.3295) =—4.68 m (checks)

4.68 m below the man 4
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. PROBLEM 11.45

Two rockets are launched at a fireworks display. Rocket A is launched with an
initial velocity v,= 100 m/s and rocket B is launched #, seconds later with the
| same initial velocity. The two rockets are timed to explode simultaneously at a
i height of 300 m as A is falling and B is rising. Assuming a constant acceleration
5 a0m 8=9.81 m/s”, determine (a) the time #,, (b) the velocity of B relative to A at the
time of the explosion.

SOLUTION

Place origin at ground level. The motion of rockets A and B is

Rocket A: vy =(y)y — gt =100-9.81¢ (n
Ya=0ao +(vA)0t—% gt” =100t —4.905¢° 2)

Rocket B: Vg =(g) — gt —1,)=100-9.81(t - 1,) 3)

o = oy + )t 1) = g1=1
=100(t —1,) —4.905(t — 1, )* 4
Time of explosion of rockets A and B. y, =y, =300 ft
From (2), 300 =100z — 4.905¢>

4.905¢* —=100¢ +300 =0
t=16.732s and 3.655s

From (4), 300 =100( — 1,) —4.905(1 — 1)

t—1,=16.732s and 3.655s

Since rocket A is falling, t=16.732s
Since rocket B is rising, t—t,=3.655s
(@) Time t;: f=t—(t—1t) , =13.08s <
(b)  Relative velocity at explosion.
From (1), v, =100—(9.81)(16.732) = —64.15 m/s
From (3), vp =100—(9.81)(16.732 —13.08) = 64.15 m/s
Relative velocity: Vs =Vp —Vy4 Vs =128.3 m/sT <4
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PROBLEM 11.46

Car A is parked along the northbound lane of a highway, and car B is traveling in the southbound lane at a
constant speed of 60 mi/h. At =0, A starts and accelerates at a constant rate a,, while at £=5s, B begins to
slow down with a constant deceleration of magnitude a,/6. Knowing that when the cars pass each other
x=294ft and v, =v,, determine (a) the acceleration a,, (b) when the vehicles pass each other, (c) the
distance d between the vehicles at ¢ =0.

SOLUTION
_— o x|
A S S,

For t = 0: v, =0+a,t

1 o

X, =0+0+—ay,t

2
0<t<5s: x5 =0+ (vg)yt (vg), =60 mi/h =88 ft/s
Att=5s: xp = (88 ft/s)(5s) =440 ft

1

For t=5s: Vg =(vg)y +ag(t—5) aB=—gaA

1
xp = (xp)g +(vB)0(t—5)+5aB(t—5)2

Assume ¢> 5 s when the cars pass each other.

At that time (7,5),

v, =V aytyy = (88 fi/s) —%A(tAB -5)
1o
x, =294 ft: 294 ft=—a,t}
a(ls  —3
Then —A(6 A32 6) =ﬁ
La, iy 294
or 4415, —343t,, +245=0
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PROBLEM 11.46 (Continued)

Solving t,g =0.795s and t,,=7.00s
(@) With t,, >5s, 294 ft =%aA(7.00 s)?

or a, =12.00 ft/s* 4
(b)  From above 1y =7.00s 4

Note: An acceptable solution cannot be found if it is assumed that #,, <5 s.

(¢) Wehave d=x+(xp),
=294 ft + 440 ft + (88 {t/s)(2.00 s)

+%(—éx12.00 ft/szj(Z.OO s)?

or d =906 ft 4
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PROBLEM 11.47

The elevator shown in the figure moves downward with a constant velocity
of 4 m/s. Determine (a) the velocity of the cable C, (b) the velocity of the
counterweight W, (c) the relative velocity of the cable C with respect to the
elevator, (d) the relative velocity of the counterweight W with respect to
@" | | L the elevator.

SOLUTION

Choose the positive direction downward.

(a) Velocity of cable C.

Ye + 2y = constant

Ve +2vp =0
But, vy =4 m/s
or Ve =—2v, =-8 m/s

(b)  Velocity of counterweight W.

Yy T+ Yg = constant
Vy +Vvp =0 vy, =—v, =—4m/s VW=4.001’I]/ST<
(¢) Relative velocity of C with respect to E.
Verp = Ve — Vg = (=8 m/s) — (+4 m/s) = —12 m/s
Ve =12.00m/s | <
(d) Relative velocity of W with respect to E.
Ve =V — Vg = (=4 m/s) — (4 m/s) = -8 m/s

Vi =8.00 m/s | «
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PROBLEM 11.48

( .|'. \: ) II . \\
<Y | &

The elevator shown starts from rest and moves upward with a constant
acceleration. If the counterweight W moves through 30 ft in 5 s, determine
(a) the acceleration of the elevator and the cable C, (b) the velocity of the
elevator after 5 s.

SOLUTION
We choose positive direction downward for motion of counterweight. IV I IIINII
2 1
Yw =S ayt 4 w
L l Je
At t=S5s, yw =30 ft m |

30 ft =%aw(5 s)?

a, =2.4 ft/s’ a,, =24 ft/s*,

(a)  Accelerations of E and C.

Since Yw +yg =constant vy, +v, =0, and ay +a; =0

Thus: ap =—ay, =—(2.4 ft/s?), a, =240 fi/s’ | 4

Also, Y¢ +2yg = constant, v, +2v, =0, and a.+2a;=0

Thus: ac =-2a, =-2(-2.4 ft/s*) = +4.8 ft/s?, a. =4.80 ft/s* | 4
(b)  Velocity of elevator after 5 s.

v =(vp)g +apt =0+ (=2.4 ft/s*)(5 ) =—12 ft/s (vg)s =12.00 ft/sT |
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PROBLEM 11.49

Slider block A moves to the left with a constant

to portion D.

velocity of 6 m/s.

Determine (a) the velocity of block B, (b) the velocity of portion D of
the cable, (c) the relative velocity of portion C of the cable with respect

SOLUTION

From the diagram, we have

x, +3y, = constant

) . Then vy +3v, =0 (D)
and a,+3ay =0 2)
s (a)  Substituting into Eq. (1) 6 m/s+3v; =0
® | or v, =2.00m/s | €
g
__'B (b)  From the diagram yg + ¥, = constant
Then v +v, =0
v, =2.00 /s |, 4
(c)  From the diagram X4 + Yo = constant
Then vyt =0 Ve =—6 m/s

Now  Veyp =ve —vp = (=6 m/s)— (2 m/s) =—8 m/s

Ve =8.00m/s | <
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PROBLEM 11.50

Block B starts from rest and moves downward with a constant
acceleration. Knowing that after slider block A has moved 9 in. its
velocity is 6 ft/s, determine (a) the accelerations of A and B, (b) the
velocity and the change in position of B after 2 s.

SOLUTION

From the diagram, we have

x4 +3yp = constant
Then vy +3v, =0 )

) and a, +3a, =0 2)
“p

(@ Eq.(2): a,+3a; =0 and a, is constant and

Yy positive = a, is constant and negative

Also, Eq. (1) and (v5), =0=(v,), =0

'B ] Then V2 =042a,[x, — (x,),]

When [Ax,[=04m: (6 ft/s)? = 2a, (912 ft)

or a, =24.0 ft/s’— 4
Then, substituting into Eq. (2):
24 ft/s* +3a, =0

or ag =? ft/s> ay =8.00 ft/s* | «
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(b) We have
Att=2s:
or
Also
Att=2s:
or

PROBLEM 11.50 (Continued)

vp =0+agt

Vg =(? ft/szj(Z s)

1
e =(g)o +O+E“Bt2

s = (s %% ft/s2)<2 5)°

vy =16.00 ft/s , 4

Y —(¥p)o =16.00 ft, 4
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PROBLEM 11.51
b G .@“fg 1 Slider block B moves to the right with a constant
-5 . = 1 J velocity of 300 mm/s. Determine (a) the velocity
D (el ' of slider block A, (b) the velocity of portion C of
the cable, (c) the velocity of portion D of the
cable, (d) the relative velocity of portion C of the
cable with respect to slider block A.
SOLUTION
t
Xy
Xe
Xp
X
|
P ¢
D
From the diagram xg + (x5 —x,)—2x, = constant
Then 2vp —3v, =0 (1
and 2ap —3a, =0 2)
Also, we have —Xp — X, = constant
Then vp+v, =0 3)
(a) Substituting into Eq. (1) 2(300 mm/s)—-3v, =0
or v, =200 mm/s — 4
(b) From the diagram Xp +(xp — x-) = constant
Then 2vp —ve =0
Substituting 2(300 mm/s)—v. =0
or Ve =600 mm/s — 4
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PROBLEM 11.51 (Continued)

(c) From the diagram (xc —x4)+ (xp — x,) = constant

Then Ve —=2v, +v, =0

Substituting 600 mm/s —2(200 mm/s) + v, =0

or v =200 mm/s ~— 4
(d) Wehave Vo =Ve —Va

= 600 mm/s — 200 mm/s
or Ve =400 mm/s — 4
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PROBLEM 11.52

At the instant shown, slider block B is moving
b "(-Zj.'ra ' with a constant acceleration, and its speed is
; - \_J 150 mm/s. Knowing that after slider block A
D (| ' has moved 240 mm to the right its velocity is
| 60 mm/s, determine (a) the accelerations of A
and B, (b) the acceleration of portion D of the
cable, (c) the velocity and change in position of
slider block B after 4 s.

SOLUTION
\.n’l
ks
O
From the diagram xp +(xz —x,)—2x, =constant
Then 2vp =3v, =0 (D
and 2ay —3a, =0 2)
(a) First observe that if block A moves to the right, v, — and Eq. (1) = v, —. Then, using
Eq. ()at r=0
2(150 mm/s) = 3(v,), =0
or (v4)o =100 mm/s

Also, Eq. (2) and a, = constant = a, = constant
Then Vi= ()8 +2a,x, —(x,)]
When x, —(x,), =240 mm:

(60 mm/s)* = (100 mm/s)* +2a ,, (240 mm)

or a, = —? mm/s’

or a, =13.33 mm/s* ~— «

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

66

STUDENTS-HUB.com


https://students-hub.com

PROBLEM 11.52 (Continued)

Then, substituting into Eq. (2)

or ay =-20 mm/s’ ay =20.0 mm/s* ~— <

(b)  From the diagram, —x, — x, = constant

vp+v, =0
Then ap+a, =0
Substituting ap +(—? mm/szj =0
or a, =13.33 mm/s> — <
(c) Wehave vy =(vg)y +agt
Att=4s: vy =150 mm/s + (—20.0 mm/s*)(4 s)
or vy =70.0 mm/s — 4
1 o
Also xg =(xg)o +(vB)0t+EaBt
Att=4s: xp — (x5)o = (150 mm/s)(4 s)

+%(—zo.o mm/s?)(4 s)*

or Xp —(Xp)y =440 mm — <
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PROBLEM 11.53

Collar A starts from rest and moves upward with a constant acceleration. Knowing
that after 8 s the relative velocity of collar B with respect to collar A is 24 in./s,
determine (a) the accelerations of A and B, (b) the velocity and the change in position
of B after 6 s.

SOLUTION
From the diagram
TET : 2y, +yp +(yg —y4) =constant
Y, i ' Then vyt+2vp =0 (1)
> ) Uy and a,+2az=0 (2)
| S (@ Eq.(1)and (v,)y =0=>(v5)y =0
@ | Also, Eq. (2) and a, is constant and negative = a, is constant and
positive.
Then vy =0+ay,t vg =0+ayt
- Now Ve = Vg = vy =(ag —ay)t

From Eq. (2) ap = —%QA
So that Vpa = —%GAI

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

68

STUDENTS-HUB.com


https://students-hub.com

PROBLEM 11.53 (Continued)
. 3
At r=8s: 241n./s=—5aA(8 S)
or a, =2.00in/s’| 4
1 .2
and then ag = —5(—2 in./s%)
or a, =1.000 in./s* | 4
(b) Att=6s: vg = (1 in./s*)(6 s)
or vy =6.00 in./s | 4
1,
Now Y =(¥p)o +0+5a3t
L. 2 2
Att=6s: yB—(yB)(,:E(l in./s“)(6 s)
or Y —(¥5), =18.00 in., €
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PROBLEM 11.54

The motor M reels in the cable at a constant rate of 100 mm/s. Determine (a) the
velocity of load L, (b) the velocity of pulley B with respect to load L.

SOLUTION

oSt ™

Xe

£

)
/\
J'J %

<
Let x5 and x;, be the positions, respectively, of pulley B and load L measured downward from a fixed elevation
above both. Let x;; be the position of a point on the cable about to enter the reel driven by the motor. Then,
considering the lengths of the two cables,

Xy +3xg = constant vy +3v, =0
x; +(x; —xp)=constant 2v, +vg =0
with vy, =100 mm/s

vy = —VTM =-33.333m/s
v, =V7B= ~16.667 mm/s

(@) Velocity of load L. v, =16.67 mm/s| <
(b)  Velocity of pulley B with respect to load L. vy, =v, —v;, =-33.333-(-16.667) =-16.667

V. =16.67 mm/s | 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

70

STUDENTS-HUB.com


https://students-hub.com

STUDENTS-HUB.com

PROBLEM 11.55

Block C starts from rest at + = 0 and moves downward with a constant
acceleration of 4 in./s”. Knowing that block B has a constant velocity of 3 in./s
upward, determine (a) the time when the velocity of block A is zero, (b) the
time when the velocity of block A is equal to the velocity of block D, (c) the
change in position of block A after 5 s.

SOLUTION

From the diagram:

_ Cord 1: 2y, +2yg + y- =constant
L
Then 2v, +2vp +v, =0
and 2a, +2ag+a. =0 (1)

Cord 2: (yp —¥4)+(yp — yg) = constant

Then 2vp, =v,—vp =0

and 2ap—a, —ag =0 (2)
Use units of inches and seconds.
Motion of block C: Ve =Veo tact

=0+4r where a.=-4in/s
Motion of block B: vg ==31in./s; ag =0

Motion of block A: From (1) and (2),

1 1
V4 =—Vg —EVC =3—E(4t)=3—2t in./s

) ==ty = —dc =0—%(4) =-2in./s?
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PROBLEM 11.55 (Continued)

(a) Time when vp is zero.

3-2t=0 t=1500s 4

Motion of block D: From (3),
V==V, +—V —1(3 —21) —1(3) =1t
Pra P 2

(b)  Time when v, is equal to v.

3-2t=—t r=3.00s 4
(c)  Change in position of block A (¢ =5).

15
Ay, =, )t +EaAt
=3)() -1-%(—2)(5)2 =-101in.

Change in position =10.00 in.T <4
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PROBLEM 11.56

Block A starts from rest at + = 0 and moves downward with a constant
acceleration of 6 in./s’. Knowing that block B moves up with a constant
velocity of 3 in./s, determine (a) the time when the velocity of block C is zero,
(b) the corresponding position of block C.

SOLUTION

Cable 1

The cable lengths are constant. S Y
L, =2y, +2yp + constant 1 ©
L,=y,+yg +(yg — yp)+ constant ) A | Y

Eliminate yp.

Cuble 2

L +2L,=2y-+2y, +2y, +2y5 +2(y5 — yp) + constant

2(yc +y4 +2yp) = constant &
Differentiate to obtain relationships for velocities and accelerations, positive downward.
VetV +2v, =0 ey
ac +a, +2a5 =0 2)
Use units of inches and seconds.
Motion of block A: vy =a,t+6t
Ay, = %a/f = %(6)t2 =3¢
Motion of block B: vp=3 in./sT vg ==3in./s
Ayp =vgt =-3t
Motion of block C: From (1),
Ve ==V, —2vp =—6t—2(-3)=6-06¢
Ay = jot Vedt =6t — 31
(@) Time when v is zero. 6-6:=0 t=1.000s 4
(b) Corresponding position.
Aye = (6)(1)—(3)(1)* =3in. Ay =3.00in., <4
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PROBLEM 11.57

Block B starts from rest, block A moves with a constant
acceleration, and slider block C moves to the right with a
constant acceleration of 75 mm/s*>. Knowing that at t=2s the
velocities of B and C are 480 mm/s downward and 280 mm/s to
the right, respectively, determine (a) the accelerations of A and B,
(b) the initial velocities of A and C, (c) the change in position of
slider block C after 3 s.

SOLUTION

3y, +4yp +x, = constant

From the diagram

Then 3v, +4vy +vp =0 (1)
and 3a, +4az +a. =0 2)
Given: (vg)=0,

a, = constent
(ac) =75 mm/s*> —
At t=2s, vy =480 mm/s,
Ve =280 mm/s —

(@) Eq.(2)and a, =constant and a, =constant = a, = constant

Then vp =0+ agt
Att=2s: 480 mm/s = agz(2 s)
ay =240 mm/s>  or a, =240 mm/s* | €4

Substituting into Eq. (2)
3a, +4(240 mm/s*) + (75 mm/s*) =0
a, =-345 mm/s or a, =345 mm/s’| <
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PROBLEM 11.57 (Continued)

(b) We have Ve =)o T act
Att=2s: 280 mm/s = (v )o + (75 mm/s)(2 s)
ve =130 mm/s or  (vp),=130.0 mm/s — 4

Then, substituting into Eq. (1) at t=0
3(v4)o +4(0)+ (130 mm/s) =0

v, =—43.3 mm/s or (V1) =43.3 mm/s | <4
(c) Wehave xe = (xp)g + (Ve ot +%act2
At t=3s: Xe = (x¢)o = (130 mm/s)(3 s) +%(75 mm/s*)(3 s)?
=728 mm or Xc—(Xc)y =728 mm-— 4
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PROBLEM 11.58

Block B moves downward with a constant velocity of 20 mm/s.
At t=0, block A is moving upward with a constant acceleration,
and its velocity is 30 mm/s. Knowing that at ¢t =3 s slider block C
has moved 57 mm to the right, determine (a) the velocity of slider
block C at t =0, (b) the accelerations of A and C, (c) the change in
position of block A after 5 s.

SOLUTION

+
:"\ yfi
B
From the diagram
3y, +4yp +x, = constant

Then 3v, +4vg +v-. =0 (1)
and 3a, +4az +a. =0 2)
Given: vy =20 mm/s};

(V)0 =30 mmy/s |
(a)  Substituting into Eq. (1) at 1 =0
3(=30 mm/s) +4(20 mm/s) + (v), =0

(ve)o =10 mm/s or (V¢)o =10.00 mm/s — 4
(b)) We have Xe = (x0)g + (Ve ot +%act2
At t=3s: 57 mm = (10 mm/s)(3 s)+%ac(3 s)?
ap =6 mm/s> or a. =6.00 mm/s’ — 4
Now v, =constant — a; =0
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PROBLEM 11.58 (Continued)

Then, substituting into Eq. (2)

3a, +4(0)+ (6 mm/s*) =0

a, =-2 mm/s’ or a, =2.00 mm/s*| <4
1
(¢) Wehave yAz(yA)O+(VA)Ot+EaAt2
Atr=5s: Vo= (V1) = (=30 mm/s)(5 s)+%(—2 mm/s*)(5 s)?
=—-175 mm
or Y4—(¥4)o=175.0 mm| <«
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PROBLEM 11.59

The system shown starts from rest, and each component moves with a constant
acceleration. If the relative acceleration of block C with respect to collar B is

(i_‘; M 60 mm/s”> upward and the relative acceleration of block D with respect to block A
= is 110 mm/s* downward, determine (a) the velocity of block C after 3 s, (b) the
| P .’i',‘.l | change in position of block D after 5 s.

I e i

SOLUTION

From the diagram

Cable 1: 2y, +2yg + yo = constant
Then 2V, +2vp +v-=0 ()
and 2a, +2ag +a. =0 2)

Cable 2: (yp —¥4)+(yp — yg) =constant

Then -V, =V +2v, =0 3)

and —a,—ag+2a,=0 “4)

Yp . .
Given: At t=0, v=0; all accelerations constant;

agp =60 mm/s’|, ap, =110 mm/s? |

(a) Wehave agg =ac —ag =—60 or ap=a.+60

and ap, =ap—a, =110 or a, =a,—-110

Substituting into Eqs. (2) and (4)

Eq. (2): 2(a;, —110) +2(a, +60)+a. =0
or 3a. +2a, =100 )
Eq. (4): —(ap, —110)—(a,- +60) +2a, =0
or —ac +ap =-50 (6)
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PROBLEM 11.59 (Continued)
Solving Egs. (5) and (6) for a. and a,,
ac =40 mm/s’
ap =-10 mm/s’
Now ve =0+act
Att=3s: Ve = (40 mm/s*)(3 s)
or v =120.0 mm/s, €
(b) We have Yp =(p) + (0)t+%aDt2
Att=5s: yD—(yD)():%(—lOmm/SZ)(S 5)?
or Y —(¥p)o =125.0 mm | «

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

79

STUDENTS-HUB.com


https://students-hub.com

PROBLEM 11.60*

The system shown starts from rest, and the length of the upper cord is adjusted so
that A, B, and C are initially at the same level. Each component moves with a

.ﬁ 1 constant acceleration, and after 2 s the relative change in position of block C with
" respect to block A is 280 mm upward. Knowing that when the relative velocity of
'U ”ﬁ collar B with respect to block A is 80 mm/s downward, the displacements of A
N 5 3 -;‘—\ and B are 160 mm downward and 320 mm downward, respectively, determine

_ _CJ (a) the accelerations of A and B if a;>10 mm/s*, (b) the change in position of
h block D when the velocity of block C is 600 mm/s upward.

SOLUTION
From the diagram
I u - Cable 1: 2y, +2yg + y- = constant
) @ ® @ +  Then 20, +2vy +ve =0 (1)
Uy @ T © % and 2a, +2ay +a. =0 2)
. ’L@ @ || Cable 2:  (y, —y,)+(yp — yg) = constant
) | B'“j [ Then v, —vp—2v, =0 3)
Yy ® 7T 1 and —a,—ag+2a,=0 4)
Given: At t=0
B v=0

(Ya)o =)o =)o

All accelerations constant.
Att=2s

Yeu =280 mmT

When Vg4 =80 mm/s |

Ya—ado =160mmT
g —(¥g)o =320 mm,

ag >10 mm/s*
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PROBLEM 11.60* (Continued)

(@) We have yu=(y,), +(0) +%aAtz
1
and Ve =(ye)o +(0)¢ +Eact
1 2
Then Yea =Ye —Ya ZE(GC —ay)t

At t=2s, yo,4 =—280 mm:
—280 mm =%(ac —a,)2s)’

or a- =a, —140 )
Substituting into Eq. (2)
2a, +2agz+(a, —140)=0

or a, =%(140—2a3) (6)
Now v =0+agt
vy =0+a,t

Vg =Vp =V =(ag —ay)t
Also o =0y + O + 2 ayt
When Vea=80mm/sy  80=(az—a,)t @)

Ay, =160 mm 160:%%;2

Ayp =320 mm, 320 =%a3t2

Then 160 = %(aB —a,)rt?

Using Eq. (7) 320=(80)t or tr=4s

Then 16O=laA(4)2 or a, =20.0 mm/s”| 4
2

and 320= %aB (4)? or a, =40.0 mm/s*| 4

Note that Eq. (6) is not used; thus, the problem is over-determined.
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PROBLEM 11.60* (Continued)

(b)  Substituting into Eq. (5)
ap =20-140 = -120 mm/s’
and into Eq. (4)
—(20 mm/s?) — (40 mm/s*) +2a, =0

or a,, =30 mm/s*
Now ve =0+at
When v, =—600 mm/s: —600 mm/s = (—120 mm/s?)z
or r=S5s
15
Also Yo =(p)y+ (0)t+zaDt
Att=5s: yD—(yD)O=%(3O mm/s*)(5 s)’
or Yp—(¥p)o =375 mm, 4
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o (%) PROBLEM 11.61

I
e A particle moves in a straight line with the acceleration shown in the figure.
L ra— e Knowing that it starts from the origin with v, =—14 ft/s, plot the v—r and x—¢
S — —— curves for 0<¢<15s and determine (a) the maximum value of the velocity

of the particle, (b) the maximum value of its position coordinate.

SOLUTION
alftfc¥
N +8
. o +3
o ANE NSNS S 5 t(s)
0 - v
R 8'\.‘\}.,\.-." : ,T.“
- \ SN NI
Change in v = area under a—t curve. vy =—141t/s
t=0to t=2s: vy =V, = (3ft/s*)(25) = +6 ft/s v, =-8 fi/s
t=2sto r=5s: Vs —v, = (8 ft/s?)(3s) = +24 ft/s vs =+16ft/s
t=5s to t=8s: vg —vs = (3 ft/s*)(3s) =+9 ft/s Vg =+25 ft/s
t=8s to t=10s: Vo — Vg = (=5 ft/s*)(2 5) =—10 ft/s vy =+15 ft/s
t=10s to t=15s1 w5 —v,=(=5ft/s*)(5s) =-25ft/s Vs =—10 ft/s
{4tls) 28

/0

A8

iy
\/3 “ #s)

3s 2s
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t=0tort=2s:

t=2s tot=3s:

t=3s tor=5s:

t=5s to t=8s:

t=8s to t=10s:

t=10s to r=13s:

t=13s to t=15s:

+f)

PROBLEM 11.61 (Continued)

Plot v—t curve. Then by similar triangles A’s find t for v =0.

Change in x = area under v—f curve

X=X, =%(—14—8)(2) =221t
1
= = () =4
1
X5 = = (+16)(2) = +16 f
1
Xy =5 = (+16+25)(3) =+61.5ft
1
g =% = (425+15)(2) = +40 f
1
iy =g = (HIS)() = 4225 f¢

X5 — X3 =%(—10)(2) =—10ft

X, =0

x, =221t
xg =—26ft
x5 =—101t
X3 =+51.6 ft
X, =191.6 1t
X5 =+114 1t
X5 =+94 ft

+%
+9¥

()

(a) Maximum velocity: When t =8 s,

(b) Maximum x: Whent=13s,

- - -

v, =25.0ft/s 4
x, =114.0ft |
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PROBLEM 11.62

For the particle and motion of Problem 11.61, plot the v—¢ and x—¢ curves for
0<t<15sand determine the velocity of the particle, its position, and the
total distance traveled after 10 s.

¢ _5 Iﬁ ’;H «« PROBLEM 11.61 A particle moves in a straight line with the acceleration
,}> --------- SE— shown in the figure. Knowing that it starts from the origin with

vy =—14ft/s, plot the v—t and x—t curves for 0<r<15sand determine

(a) the maximum value of the velocity of the particle, (b) the maximum

value of its position coordinate.
SOLUTION

alfific?)
T +8
A\ - +32
s AN SR NS S 5 t(s)
0 .
z 8.\“\?‘\"-! K .Ts.
-5 \ Viact s W N
Change in v = area under a—t curve. vy =—141t/s
t=0tot=2s: v2—v0:(3ft/s2)(2s):+6ft/s v, ==8ft/s
t=2sto r=5s: Vs —v, = (8 ft/s*)(3s) = +24 ft/s vs =+16ft/s
t=5s to t=8s: vg —vs = (3ft/s*)(35) = +9 ft/s Vg =+25 ft/s
t=8s to t=10s: Vip—Vg =(=5 ft/s*)(2's) =—10 ft/s Vo =+151t/s
t=10s to t=15s1 w5 —v = (=5 ft/s*)(5s) =25 ft/s Vs =—10 ft/s
vl s| 2s &l

i$
l \13 s #(s)

2 I

3s 2s 7
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PROBLEM 11.62 (Continued)

Plot v—¢ curve. Then by similar triangles A’s find t for v = 0.

Change in x = area under v—f curve X, =0

t=0to t=2s: xz—x():%(—l4—8)(2)=—22ft x, =221t
t=2s to t=3s: x3—x2=%(—8)(1)=—4ft xg =—261t
t=3s to t=5s: x5—x3:%(+16)(2)=+16ft xs =—101t
t=5s to t=8s: x8—x5:%(+16+25)(3)=+61.5ft Xy =+51.61t
t=8s to t=10s: X0 — Xg =%(+25+15)(2) =+40 ft X, =191.6 1t
t=10s to t=13s: X3 =X =%(+15)(3) =+22.51t X5 =+114 ft
t=13s to t=15s: X5 — X3 =%(—10)(2) =-10ft X5 =194 ft

»f)

when7=10s: v =+15ft/s 4

X0 =191.5ft/s 4
Distance traveled: t=0to r = 105
t=0tot=3s: Distance traveled = 26 ft
t=3stot=10s Distance traveled =26 ft + 91.5 ft=117.5 ft
Total distance traveled =26 + 117.5 = 143.5 ft <
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PROBLEM 11.63

v (m/s)
60 A particle moves in a straight line with the velocity
\ shown in the figure. Knowing that x=-540m at ¢ =0,
) : 26 446 (a) construct the a—t and x—t curves for 0<z<50 s,
ol W0TTTTTTSIT TP 9 and determine (b) the total distance traveled by the

particle when =505, (c) the two times at which x=0.

SOLUTION

(a) a,=slope of v—t curve at time ¢

From t=0 to t=10s: v=constant > a=0
t=10s to t=26s: azﬂz—Sm/s2
26-10
t=26s tot=41s: y=constant => a =0
t=41s to t=46s: - (_20)—3 m/s>
46—-41
t=46s: y=constant => a =0
a, m/s*
3
0 e [
" N s
-3
X, = x, + (area under v—¢ curve from ¢, to t,)
At r=10s: X0 =—540+10(60) + 60 m

Next, find time at which v = 0. Using similar triangles

f-o—10 26-10
60 80

At 1=22s: x22:60+%(12)(60):420m

t=26s: X6 :420—%(4)(20)=380 m

t=41s: x4; =380-15(20) =80 m

r=46s: x4 :80—5(20;5):17.5111

t=50s: x5, =17.5-4(5)=-25m
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PROBLEM 11.63 (Continued)

(b) From t=0 to t=22s: Distance traveled = 420 — (—540)

= 960 m

t=22sto t=50s: Distance traveled =|—2.5—420I
=4225m

Total distance traveled = (960 +422.5) ft =1382.5m

Total distance traveled =1383 m «

(¢)  Using similar triangles

Between 0 and 10s: () =0 _10
540 600
(1), =9.00s 4
Between 46s and 50 s: (ti0)y =46 _4
17.5 20

(t_y), =49.5s <
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PROBLEM 11.64

v (m/s)
A particle moves in a straight line with the

60 velocity shown in the figure. Knowing that
I x=-540m at r =0, (a) construct the a—¢ and
: 26 41 46 x—t curves for 0<t<50s, and determine (b)

_;3 s e, 09090909090 == ¢(ss the maximum value of the position coordinate of
) the particle, (¢) the values of ¢ for which the
particle is at x =100 m.
SOLUTION

(a) a, =slope of v—¢ curve at time ¢

From r=0 to t=10s: vy =constant =>a =0
t=10s to t=26s: a:M:—Sm/s2
26-10
t=26s tot=41s: y=constant => a=0
t=41s to t=46s: a=2"C20 5o
46—41
t=46s: y=constant => a=0
a,, m/s*
3
0 e [
" A e
-3

X, = x, + (area under y—¢ curve from ¢, to t,)
At t=10s: X0 =—540+10(60) = 60 m
Next, find time at which v = 0. Using similar triangles

f2o—10 26-10
60 80

or t_o=22s

At 1=22s: x22:60+%(12)(60)=420m

t=26s: X6 =420—%(4)(20)=380 m

t=41s: x4 =380—-15(20) =80 m
20+5

t=46s: x46=80—5( )=17.5m

1=50s: x5 =175-4(5)=—2.5m
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PROBLEM 11.64 (Continued)

(b) Reading from the x—t curve Xpax =420 m 4
(¢) Between 10sand 22 s

100 m =420 m — (area under v—¢ curve from ¢, to 22 s) m

100:420—%(22—:1)@1) “'2%
e ns

(22 —-1)(v;) =640
Using similar triangles

v _60
22—t 12

or v =5(22-1¢)

Then (22-1)[5(22—1,)] = 640

t,=10.69s and ¢ =33.3s
We have 10s<7,<22s= ,=10.69s 4
Between 26 s and 41s:
Using similar triangles

41-1, 15
20 300

1, =40.0s 4
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PROBLEM 11.65

During a finishing operation the bed of an industrial planer moves alternately 30 in. to the right and 30 in. to
the left. The velocity of the bed is limited to a maximum value of 6 in./s to the right and 12 in./s to the left; the
acceleration is successively equal to 6 in./s” to the right, zero 6 in./s to the left, zero, etc. Determine the time
required for the bed to complete a full cycle, and draw the v— and x—t curves.

SOLUTION

We choose positive to the right, thus the range of permissible velocities is —12 in./s <v < 6in./s since

acceleration is —6 in./s”,0, or +6 in./s>. The slope the v—¢ curve must also be —6 in./sz, 0, or +6 in./s%.

afin is?)

+4 +4
(+9 | +/2)

Planer moves = 30 in. to right: +30in.=3+6¢, +3 t,=4.00s
Planer moves = 30 in. to left: =30in.=-12-12¢, +12 t,=0.50s

Total time =1s+4s+1s+2s+0.5s+25=105s fow =10.50s 4
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PROBLEM 11.66

A parachutist is in free fall at a rate of 200 km/h when he opens his parachute at an
altitude of 600 m. Following a rapid and constant deceleration, he then descends at
a constant rate of 50 km/h from 586 m to 30 m, where he maneuvers the parachute
into the wind to further slow his descent. Knowing that the parachutist lands with a
negligible downward velocity, determine (a) the time required for the parachutist to
land after opening his parachute, (b) the initial deceleration.

SOLUTION

Assume second deceleration is constant. Also, note that

200 km/h =55.555 m/s,
50 km/h =13.888 m/s

/u;m/s

- t, L.———— = ls
—)1 s
-13_888
-55.555
%, m
o0 586
L ts
F—t,ﬁl‘- t, e tg*'l
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PROBLEM 11.66 (Continued)
(@) Now Ax =area under v—¢ curve for given time interval
Then
(586 — 600) m = —, (Mj /s
t, =0.4032s
(30-586) m=—t,(13.888 m/s)
t, =40.0346 s
0-30)m= —%(t3)(13.888 m/s)
t; =4.3203s
fora = (04032 +40.0346 + 4.3203) s fow =44.8s 4
(b)) Wehave Aipitial = AVt
4
_ [-13.888 —(=55.555)] m/s
0.4032 s
=103.3 m/s’
a,,, =103.3m/s? | <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited

distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

93

STUDENTS-HUB.com


https://students-hub.com

PROBLEM 11.67

A commuter train traveling at 40 mi/h is 3 mi
from a station. The train then decelerates so
that its speed is 20 mi/h when it is 0.5 mi from
the station. Knowing that the train arrives at

| 3 mi |

= ‘[L E}‘a:' = . M the station 7.5 min after beginning to decelerate
14 and assuming constant decelerations, determine
(a) the time required for the train to travel the
first 2.5 mi, (b) the speed of the train as it
arrives at the station, (¢) the final constant
deceleration of the train.
SOLUTION

Given: At t =0, v=40 mi/h, x=0; when x=2.5 mi, v=20 mi/h;
at =7.5 min, x =3 mi; constant decelerations.
The v—t curve is first drawn as shown.

(@) We have A =25mi
(t, min) 40+20 mi/h Xl—h' =2.5mi
2 60 min
f; =5.00 min <«
(b) We have A, =0.5 mi

2
(7.5—5)min><( O+v2jmi/h>< 5 mi
2 min

v, =4.00 mi/h «

(¢) Wehave Aginal = 12
(4-20)mi/h 5280 ft 1min 1h
= X X X
(7.5—=5)min mi 60s 3600s

ag, = —0.1564 ft/s* 4
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PROBLEM 11.68
. A temperature sensor is attached to slider AB which moves back
o " | and forth through 60 in. The maximum velocities of the slider
| — i are 12 in./s to the right and 30 in./s to the left. When the slider is
- ** ' ) moving to the right, it accelerates and decelerates at a constant
Z{ rate of 6 in./sz; when moving to the left, the slider accelerates
and decelerates at a constant rate of 20 in./s”. Determine the time
required for the slider to complete a full cycle, and construct the
v—tand x—t curves of its motion.
SOLUTION
The v—t curve is first drawn as shown. Then
Vright 12 in./s
a = —= —2 = S
Qg 610/3
Vierr _ 301n./s
td =—=—
e 201in./s
=135s
Now A; =60 in. N8 ta totes
_ ; — 60 A
or [(t; —2)s](121in./s) =60 in. | x, Xa te
or t=Ts
Az
and A, =60 in.
or {[(z, =7)—1.5]s}(301in./s) = 60 in. <
or t,=105s ta . - tg
Now leyae = foyae =10.5s 4
We have x; = x; + (area under v—¢ curve from f; to t;;)
At t=2s: X, =%(2)(12)=121n.
]
1=5s: xs =12+ (5-2)(12) : i
=48 in. : .
t=T7s: x; =60 in. : i
! ]
[}
t=85s: Xys =60-£(1.5)(30) : Lo
: 2 ] 3 L TR
=37.51in. i S a1 BS\q W5
t=9s: Xy =37.5-(0.5)(30)
=225 in.
t=10.5s: X5 =0
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PROBLEM 11.69

In a water-tank test involving the launching of a small model boat,
the model’s initial horizontal velocity is 6 m/s, and its horizontal
acceleration varies linearly from —12 m/s* at t=0 to —2 m/s* at

ﬁ t =1, and then remains equal to —2 m/s* until 7=1.4s. Knowing
that v=1.8 m/s when ¢ =t¢, determine (a) the value of ¢, (b) the
velocity and the position of the model at =14 s.
SOLUTION
Given: vy =6 m/s; for 0<r <y,
for f<t<lds a=-2m/s%;
at t=0 a=-12m/s%;
atr=t, a=-2m/s, v=18m/s
The a—t and v—t curves are first drawn as shown. The time axis is not
drawn to scale.
(@) Wehave v, =Vot A
12+2
1.8 m/s =6m/s—(t, s)( > ]m/sz
0'3 X, & t,S
A, Y Y 1=06s

(b)) Wehave Vig =V, A4
V4 =1.8m/s—(1.4-0.6) sx2 m/s’

v, =020m/s 4

Now x,, = A; + A, where A; is most easily determined using
integration. Thus,

for 0<t<1,: (=222, 150,
0.6 3
Now ﬂ=a=5—0t—12
dt 3
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PROBLEM 11.69 (Continued)

At 120, v=6m/s: J.:dv:j;[?t—njdt

or v=6+£t2—12t
3
We have ﬂ=v=6—12z+§r2
dt 3
_ X, B 0.6 25 5
Then A3_jo dx_jo (6-12+)di

0.6
=[6t — 61> +§t3} =2.04m

0
Also A, =(1.4-0.6) (%j —08m
Then X4 =(2.04+0.8) m
or x4=2.84m <
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£
im/s=)

D s i

PROBLEM 11.70

The acceleration record shown was obtained for a small
airplane traveling along a straight course. Knowing that x =0

and v=60m/s when ¢=0, determine (a) the velocity and
position of the plane at r=20s, (b) its average velocity
during the interval 6 s <t <14 s.

OAS Wy

SOLUTION
(+0.3) 7 = +0.%4
itk +03 _ ${o. 25X 20) -
b E B8 © >Jf 20 £(s)
T 12 iy [
(-0.15) o T {
1’["'3} |
60 ] ’ T l
]]] |
£9.25 | svac |
— 62 iy 60 }
S T | | __ &6)
3 ) o 12 Je 20
Geometry of “bell-shaped” portion of v—¢ curve
LRs 25 , 2s 2T,
| 4 1 g - 1i
[ 3
L] } LSafs

The parabolic spandrels marked by *

are of equal area. Thus, total area of shaded portion of v—¢ diagram is:

b—4ts —ot

YN

=Ax=6m

(@) Whent=20s: Vy =60 m/s 4
Xy = (60 m/s) (20 s) — (shaded area)
=1200m—6 m Xyy =1194m <«
(b)) Fromt=6stot=14s: At=8s
Ax = (60 m/s)(14 s— 6 s) —(shaded area)
=60 m/s)(8s)—6m=480 m—6 m=474 m
Vaverage :ﬁ = 474 = Vaverage = 5925 m'/s 4
At 8s
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200 m |

PROBLEM 11.71

In a 400-m race, runner A reaches her maximum velocity v, in 4 s with
constant acceleration and maintains that velocity until she reaches the
half-way point with a split time of 25 s. Runner B reaches her
maximum velocity v, in 5 s with constant acceleration and maintains
that velocity until she reaches the half-way point with a split time
of 25.2 s. Both runners then run the second half of the race with the
same constant deceleration of 0.1 m/s?. Determine (a) the race times
for both runners, (b) the position of the winner relative to the loser
when the winner reaches the finish line.

SOLUTION
T (/s
A,
—>1I| L t1 ,{ t(57
ACY ‘
g o — — - ___Enf_\lc
‘\} =
A; i
Il r

Sketch v—t curve for second 200 m.

A3:V

Sketch v—t curves for first 200 m.

Runner A: h=4s,1t=25-4=21s

1
Al = 5(4)(VA)max = 2(VA)max

Ay = 21(v,)

A+ A =Ax=200m

230 ) =200 o (V). = 8.6957 m/s

max

Runner B: L =35s, t, =252-5=202s

1
Al = 5(5)(v8)max = 2'S(VB)max

Ay = 20.2(vp)

max
A+ A =Ax=200m

227(0g) e =200 or (V). = 8.8106 m/s

max

Av=lalt; = 0.1f

0.05¢3 — v, t; +200 = 0

Vmax

Ve E |/ Omac)? = (4)(0.05)(200)

[3:

Runner A: Vax)a = 8.6957,

Reject the larger root. Then total time

- 10(vmax N 40)

(2)(0.05)
(t;)4 = 146.64 s and 27.279 s

t, = 25+27.279 = 52.279 s 1, =5225 4
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PROBLEM 11.71 (Continued)

Runner B: (v, )p = 8.8106, (f3)5 =149.45s and 26.765 s

Reject the larger root. Then total time tg =252 +26.765 = 51.965 s
ty =52.0s 4
Velocity of A at ¢ = 51.965 s:
v, = 8.6957 — (0.1)(51.965 — 25) = 5.999 m/s
Velocity of A at t = 51.279 s:
Vv, = 8.6957 — (0.1)(52.279 — 25) = 5.968 m/s
Over 51.965s < r < 52.965 s, runner A covers a distance Ax
Ax = v, (A1) = %(5.999 + 5.968)(52.279 — 51.965) Ax =1.879m 4
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PROBLEM 11.72

A car and a truck are both traveling at the constant
speed of 35 mi/h; the car is 40 ft behind the truck.
The driver of the car wants to pass the truck, i.e.,
he wishes to place his car at B, 40 ft in front of the
truck, and then resume the speed of 35 mi/h. The
maximum acceleration of the car is 5 ft/s> and
the maximum deceleration obtained by applying
the brakes is 20 ft/s>. What is the shortest time in
which the driver of the car can complete the
passing operation if he does not at any time exceed
a speed of 50 mi/h? Draw the v—t curve.

SOLUTION

Relative to truck, car must move a distance: Ax=16+40+50+40=146 ft

Allowable increase in speed: Av,, =50-35=15 mi/h =22 ft/s
ar(ft/s) che
z
a=1Spt \ as-0th
ay,, |[g-
L e o
TRUEK
! l Vrruex | tﬁ)
0 Z :
—2% —+4 —t+5
Acceleration Phase: 1, =22/5=44s A= %(22)(4.4) =484 ft
Deceleration Phase: 1, =22/20=1.1s Ay = %(22)(1.1) =12.11t
But: Ax=A + A, + A;: 146 ft =48.4+(22)t, +12.1 t,=3.89s

how =h +1, +1;,=445+3.89s+1.1s=9.39s 1, =9.39 s 4

total
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PROBLEM 11.73

Solve Problem 11.72, assuming that the driver of the car does not pay any attention to the speed limit while
passing and concentrates on reaching position B and resuming a speed of 35 mi/h in the shortest possible time.
What is the maximum speed reached? Draw the v—¢ curve.

PROBLEM 11.72 A car and a truck are both traveling at the constant speed of 35 mi/h; the car is 40 ft
behind the truck. The driver of the car wants to pass the truck, i.e., he wishes to place his car at B, 40 ft in
front of the truck, and then resume the speed of 35 mi/h. The maximum acceleration of the car is 5 ft/s* and
the maximum deceleration obtained by applying the brakes is 20 ft/s>. What is the shortest time in which the
driver of the car can complete the passing operation if he does not at any time exceed a speed of 50 mi/h?
Draw the v—t curve.

SOLUTION

Relative to truck, car must move a distance:

Ax=16+40+50+40=146 ft

v(te/s) CAr
N
a.t-hf% S a=-20ft4T 1 v r
~
s, IA S S (N S T
D ] X TR é(.f)

p—t, —¢,
1
Bv, =54=200; =1

Ax=A +A: 146 ft:%(Avm)(rlﬂz)

1 1
146 ft=—(5t)| t, +—t
2( 1)(1 4 IJ

$£=4672 1,=6835s :lzl =1.709
4

fow =1 +1, =6.835+1.709 1, =854s 4

total

Av,, =5t, =5(6.835) = 34.18 ft/s =23.3 mi/h

Speed v, =35 mi/h, v, =35 mi/h+23.3 mi/h v, =58.3 mi/h <
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PROBLEM 11.74

Car A is traveling on a highway at a constant
speed (v,), =60 mi/h, and is 380 ft from
the entrance of an access ramp when car B
enters the acceleration lane at that point at
a speed (vy), =15 mi/h. Car B accelerates
uniformly and enters the main traffic lane
after traveling 200 ft in 5 s. It then continues
to accelerate at the same rate until it reaches
a speed of 60 mi/h, which it then maintains.
Determine the final distance between the
two cars.

" 350 ft |

A — b

5 m — (vl

SOLUTION
Given: (v4)o =60 mi/h, (vg),=1.5mi/h; atz=0,
(x4) =-3801t, (x5),=0; atr=35s,
xg = 200 ft; for 15 mi/h < v, <60 mi/h,
ag = constant; for v, =60 mi/h,
ag =0
First note 60 mi/h = 88 ft/s

15 mi/h =22 ft/s

The v—t curves of the two cars are then drawn as shown.

Using the coordinate system shown, we have

e —mm e e m ]

lA-——-----

22
at r=5s, x5 =200 ft: @ s){#} ft/s = 200 ft ; 1.s
;rh N i (vg)s =58 fit/s |—.f\
en, using similar triangles, we have yTm—
(88—22) ft/s _ (58-22) ft/s T
= (: aB)
4 5s
or 1, =9.1667 s
Finally, at =1,
Xpgp =Xg =X, = [(9.1667 S)(@) ft/s}
—[-380 ft +(9.1667 s) (88 ft/s)]
or xgu =77.5ft 4
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PROBLEM 11.75

An elevator starts from rest and moves upward, accelerating at a rate of 1.2 m/s’
until it reaches a speed of 7.8 m/s, which it then maintains. Two seconds after the
elevator begins to move, a man standing 12 m above the initial position of the
top of the elevator throws a ball upward with an initial velocity of 20 m/s.
Determine when the ball will hit the elevator.

SOLUTION

Given: At t=0 v, =0, For 0<v, <7.8m/s, a, =12 m/s* T;
For vy, =78m/s, a,=0;
At t=2s, vy=20m/sT

The v—t curves of the ball and the elevator are first drawn as shown. Note that the initial slope of the curve
for the elevator is 1.2 m/s*, while the slope of the curve for the ball is —g (-9.81 m/s?).

3
W p===-= ! BALL
: ELEVATOR
L e
i H
1 *—1’99 H
3 \ 0 1,5

The time ¢, is the time when v, reaches 7.8 m/s.

Thus, Ve =(0)+agt

or 7.8 m/s = (1.2 m/s* ),

or f,=65s

The time 7,,, is the time at which the ball reaches the top of its trajectory.

Thus, Vg =(Vg)o—8(t—2)

or 0=20 m/s—(9.81 m/sz)(ttop -2)s
or to, =4.0387 s

top
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PROBLEM 11.75 (Continued)
Using the coordinate system shown, we have
1 h
2
O<t<y: ygp =—12 m+(EaEt ] m (),
| N

At 1 =1, Vg =5(4.O387—2) $X (20 m/s) ) 3

=20.387 m
and yp =—12 m+%(1.2 m/s)(4.0387 s)*

=-2213m
At t=[2+2(4.0387-2)]s=6.0774s, y5, =0
and at t =1, yg =-12 m+%(6.5 s)(7.8 m/s)=13.35 m
The ball hits the elevator (yp = yg) when 7, <7<1.
For t>1,,: =20.387 ! 2

or 121, yg =20.387 m— Eg(t—tmp) m
Then,
when Ve = Vi
20.387 m—%(9.81 m/s?) (t — 4.0387)

=—12 m+%(1.2 m/s®)(t s)?
or 5.505¢ —39.6196¢ +47.619=0
Solving t=1525s and t=5.67s
Since 1.525 s is less than 2 s, t=5.67s 4
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PROBLEM 11.76

Car A is traveling at 40 mi/h when it enters
a 30 mi/h speed zone. The driver of car A
decelerates at a rate of 16 ft/s* until
reaching a speed of 30 mi/h, which she
then maintains. When car B, which was
-y —— initially 60 ft behind car A and traveling at
m a constant speed of 45 mi/h, enters the

| ﬁ | speed zone, its driver decelerates at a rate
' b ! of 20 ft/s* until reaching a speed of
28 mi/h. Knowing that the driver of car B

maintains a speed of 28 mi/h, determine

(a) the closest that car B comes to car A,

(b) the time at which car A is 70 ft in front

of car B.

SOLUTION
Given: (v4)o =40 mi/h; For 30 mi/h < v, <40 mi/h, a, =-16ft/s>; Forv, =30mi/h,a, =0;

(x4/5)0 =60 ft; (vg), =45 mi/h;

When x; =0, az =-20 ft/sz;
For vy =28 mi/h, az =0

First note 40 mi/h = 58.667 ft/s 30 mi/h = 44 ft/s

45 mi/h = 66 ft/s 28 mi/h = 41.067 ft/s
At =0

W)y I_.x

(O8O

—~ <PEED ZONE

The v—t curves of the two cars are as shown.

N, s
At t=0: Car A enters the speed zone. (K9 - IS
8.0 —_N
. Ad
t=(ty);: Car B enters the speed zone. ?r«b.\ii 5\:—-— 4oL
!
t=t,: Car A reaches its final speed. : 5 :I b
HE y 1 .8
f=t.: v, =V O W), ta Laale),

t=(ty),: Car B reaches its final speed.
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PROBLEM 11.76 (Continued)

(@) We have a, = Va)gina = Wado
Iy
or 16 ft/s? = (44 —58.667) ft/s
Iy

or t, =0.91669 s

Also 60 ft = (5), (V)0

or 60 ft = (1), (66 ft/s) or (tz); = 0.90909 s

and g = 0p)ma = o)y

(tB )2 - (tB )1
or 200 ft/s2 = (41.067 — 66) ft/s

" [(tg), —0.90909] s
Car B will continue to overtake car A while vy >v,. Therefore, (x,;5);, Will occur when v, =v,,
which occurs for

(tg)) <lyin <(tg),

For this time interval

v, =44 ft/s

vp = (vp)o +aplt — (1)1
Then at r=1_,: 44 ft/s = 66 ft/s + (=20 ft/s* )i, —0.90909) s
or toin = 2.00909 s

Finally - (x,5)n = (x4), = (xp),

min

= {IA [M} F (Fin — 1) (V4 )ﬁnal}
- {(xg Yo (15 )1 (g Yo + [t — (z@][%}}
- {(0.91669 s)(wJ fit/s + (2.00909 — 0.91669) s X (44 ft/s)}

- {—60 ft +(0.90909 s)(66 ft/s) +(2.00909 —0.90909) s x ( 06 _'2- 44jft/s}

=(47.057 +48.066) ft — (=60 + 60.000 + 60.500) ft

=34.623 ft of (X =346 ft 4
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PROBLEM 11.76 (Continued)

®) Since (x,,5) <60 ft for t<¢ it follows that x,,, =70 ft for # > (t5),

min *

[Note (t3), =t,;, 1. Then, for t > (#,),

min
X = (a8 ) min [ =200 )V4 inar ]

- {[(IB )2 = (T )]{ (V) final ‘; (V) final }

+[r— (g )2](v3)ﬁnal}

or 70 ft =34.623 ft +[(r —2.00909) s x (44 ft/s)]

(44+41.06j

- {(2. 15574 —2.00909) s x ft/s + (t —2.15574) s x (41.067) ft/s}

or t=14.14s 4
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PROBLEM 11.77

a(ft/s?)
o | __a=24-200# An accelerometer record for the motion of a given part of a
- e mechanism is approximated by an arc of a parabola for 0.2 s and
16 [----------% T i it a straight line for the next 0.2 s as shown in the figure. Knowing
| N that v =0 when ¢ = 0 and x = 0.8 ft when t = 0.4 s, (a) construct
' : the v—¢ curve for 0 < ¢t < 0.4 s, (b) determine the position of the
° 02 04t partatr=03sandr=02s.
SOLUTION
Divide the area of the a—t curve into the four areas A, A,, A; and A,.
2? P A= %(8)(0.2) = 1.0667 ft/s
777 ,:f o4z
16 /f}:"*"//\’”ﬂ"""' A, = (16)(0.2) = 3.2 ftfs
3 .AZV A = l(16 + 8)(0.1) = 1.2 ft/s
o ' ?
ar (Ftfs) Ay = 5(8)(0.1) = 0.4 ft/s
537
Lkl Velocities: v, = 0
u.27 ; N
a2 e R Voo = Vo + A+ A Vo, = 4.27 ft/s 4
Vos = Voo + A4 Vo = 5.47 ft/s <4
Voa = Vos T A Vou = 5.87 ft/s

Sketch the v—¢ curve and divide its area into As, A, and A; as shown.

I;)'de =08-x= L()Avdt or x=0.8- LOAth
Att=03s, Xg3 = 0.8 — Ay — (5.47)(0.1)
With As = %(0.4)(0.1) = 0.0267 ft, Xy53 = 0.227 ft 4
Att=02s, Xop =0.8—=(As + A) — A,

With A5 + A = %(1.6)(0.2) = 0.2133 ft,

and A, = (4.27)(0.2) = 0.8533 ft

Xp, = 0.8 —0.2133 - 0.8533 Xpn = —0.267 ft 4
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PROBLEM 11.78

A car is traveling at a constant speed of

a(m/s?) 54 km/h when its driver sees a child run into
I the road. The driver applies her brakes until
{-} 1 | T the child returns to the sidewalk and then

54 km/h; the acceleration record of the car is
shown in the figure. Assuming x=0 when
t=0, determine (a) the time #; at which the
velocity is again 54 km/h, (b) the position of
the car at that time, (c) the average velocity of
the car during the interval 1s <7 <¢,.

2

: 1 (s) lerates t h iginal d of
| 5 t, t(s)  accelerates to resume her original speed o
I

I

|

SOLUTION
Given: At t=0, x=0, v=54km/h;
For t =1, v=>54 km/h
First note 54 km/h =15 m/s
(@) We have Vv, =V, + (area under a—t curve from ¢, to f,)
Then at t=2s: v=15—-(1)(6) =9 m/s

t=45s: v=9—%(2.5)(6)=1.5m/s

=1 15=1.5+%(z‘1—4.5)(2)
or 1, =18.00s 4
(b) Using the above values of the velocities, the v—¢ curve is drawn as shown.
o ":ISS SEMIPARABOLA -
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Now

(c) First note

Now

or

PROBLEM 11.78 (Continued)

xat r=18s

X3 =0+ X (area under the v—¢ curve from =0 to r=18s)

=1 s)15m/s)+ (1 S)(15;9Jm/S
+[(2.5 s)(1.5 m/s)+§(2.5 s)(7.5 m/s)}

+[(13.5 s)(1.5 m/s)+§(13.5 s)13.5 m/s)}

=[15+12+(3.75+6.25) +(20.25+121.50)] m

=178.75m
x=15m
Xg=178.75m

Vi = Ax _d7875-15m _ 9.6324 m/s
At (18-Ds

or

X5 =178.8m |

V. =34.7 km/h <
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PROBLEM 11.79

An airport shuttle train travels between two terminals that are 1.6 mi apart. To maintain passenger comfort,
the acceleration of the train is limited to +4 ft/s>, and the jerk, or rate of change of acceleration, is limited to
+0.8 ft/s* per second. If the shuttle has a maximum speed of 20 mi/h, determine (@) the shortest time for the
shuttle to travel between the two terminals, (b) the corresponding average velocity of the shuttle.

SOLUTION
Given: X = 1.6 mi; la,, |=4ft/s*

da 2 .

— =0.8 ft/s"/s; V. =20 mi/h

dt max
First note 20 mi/h =29.333 ft/s

1.6 mi = 8448 ft

(@) To obtain ¢ , the train must accelerate and decelerate at the maximum rate to maximize the

time for which v=v__ . The time Az required for the train to have an acceleration of 4 ft/s® is found

from
dt ).« At
2
0.8 ft/s“/s
or At=S5s
Now,

after 5 s, the speed of the train is Vs = %(At)(amax) (since % = constant]
t

or Vs =%(5 s)(4 ft/s*) =10 ft/s

Then, since v5 <, , the train will continue to accelerate at 4 ft/s” until v=v,___ . The a—t curve

must then have the shape shown. Note that the magnitude of the slope of each inclined portion of the
curve is 0.8 ft/s7/s.

o X

%

]

]

E S :A:. S%

! | |

1 s

1 N B

Sy, 5% s, -
VA
il Tk
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Now

or

Then

PROBLEM 11.79 (Continued)

at t=(10+A1)s, v=v,,.:

2B(5 s)(4 ft/sz)} + (Ar,)(4 ft/s*) =29.333 ft/s

V= O+%(5)(4) =10 ft/s

At =2.3333 s
atr=5s:
t=7.3333s:

v=10+(2.3333)(4) =19.3332 ft/s

t=12.3333s: v=19.3332 +%(5)(4) =29.3332 ft/s

Using symmetry, the v—¢ curve is then drawn as shown.

Noting that A = A, = A; = A, and that the area under the v—¢ curve is equal to x_,

2[(2.3333 s)(%jft/s}

or

Then

or

(b) We have

or

23332
Ny B e
N ™
) | ' (1
Q.33 ! ! :
(3 ]
] i ] :
i | ] '
o
ANA L b
[ 1 1
i L A t‘s
2335 e 55 f—pk,—~ S 2333 S

+(10+ At,) sx(29.3332 ft/s) = 8448 ft

At, =275.67 s

Lo = 4(5 8) +2(2.3333 ) +275.67 s

=300.34 s

_Ax_ 16mi 3600
300.34 5

Vave = E

1h

we have

ax?

fin =5.01min <

v, =19.18 mi/h <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

113



https://students-hub.com

PROBLEM 11.80

During a manufacturing process, a conveyor belt starts from rest and travels a total of 1.2 ft before
temporarily coming to rest. Knowing that the jerk, or rate of change of acceleration, is limited to +4.8 ft/s> per
second, determine (a) the shortest time required for the belt to move 1.2 ft, (b) the maximum and average
values of the velocity of the belt during that time.

SOLUTION
Given: At t=0, x=0, v=0; x,, =121t
when X=X V=0 |{ﬁj =4.8 ft/s’
dt ) x
(@) Observing that v, must occur at r =211, ., the a— curve must have the shape shown. Note that the

magnitude of the slope of each portion of the curve is 4.8 ft/s’/s.

a‘%' Crvn
:
1
' l—bﬂ. ~j-at ~
L t 1\5
st okt o | vind
i
- am‘
1 1
We have at r=Ar: v=0+ 3 (A)(a,,, ) = Eamax At
| 1
t=2At: Vinax = = Omax A +— (At) (@, ) = a,,, At
2 2
Using symmetry, the v—¢ is then drawn as shown.
TS

B2 Znt 3L e Y

Noting that A = A, = A; = A, and that the area under the v—¢ curve is equal to x,,, we have

ax?

(AH)(v X

max ) ~ ““max

Vmax = adeAt :> 2adeAt2 = xmax
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PROBLEM 11.80 (Continued)

Now "Z& =4.8 ft/s*/s so that
t

2(4.8A1 ft/s®)Ar* =1.2 ft

or At=05s
Then i = 4At
or foin =2.00s 4
(b) We have Vinax = Omax A
= (4.8 ft/s*/sx At)At

=4.8 ft/s*/sx (0.5 s)*

or Viax = 1.2 ft/s 4
Also b = Ax _ 121t

At 200s
or Ve = 0.6 ft/s
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—a (m/s2)

PROBLEM 11.81

i Two seconds are required to bring the piston rod of
| an air cylinder to rest; the acceleration record of the
piston rod during the 2 s is as shown. Determine by

approximate means (a) the initial velocity of the
piston rod, (b) the distance traveled by the piston

rod as it is brought to rest.

025 05 075 1.0 125 15 175 20 t (s)
SOLUTION
Given: a—t curve; at t=2s, v=0
1. The a—t curve is first approximated with a series of rectangles, each of width Ar=0.25 s. The area
(Af)(aaye) of each rectangle is approximately equal to the change in velocity Av for the specified
interval of time. Thus,
Av=a,, At
where the values of a,,, and Av are given in columns 1 and 2, respectively, of the following table.
2. Now v(2)=v, +.[02c1 dt=0
and approximating the area .[ Oza dt under the a—t curve by Xa, At = ZAv, the initial velocity is then
equal to
vy =—2XAv
Finally, using
v, =V, + Ay,
where Av,, is the change in velocity between times ¢, and t,, the velocity at the end of each
0.25 interval can be computed; see column 3 of the table and the v—¢ curve.
3. The v—t curve is then approximated with a series of rectangles, each of width 0.25 s. The area

(Ar)(v
interval of time. Thus

) of each rectangle is approximately equal to the change in position Ax for the specified

ave

Ax=v, At

where v, and Ax are given in columns 4 and 5, respectively, of the table.

(&

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

STUDENTS-HUB.com

116



https://students-hub.com

STUDENTS-HUB.com

PROBLEM 11.81 (Continued)

4. With x, =0 and noting that
X, =x +Ax,

where Ax,, is the change in position between times #, and #,, the position at the end of each 0.25 s
interval can be computed; see column 6 of the table and the x—¢ curve.

| z 3 4 s L a.B
ts 6, Vs foave Ml ™s] 15, ™Yo [hve M| AR M | % gl SRESE SRS WSS SN, x &
) - 4.00 TITII I \94 L AL 0
528 243 F2RS [-08c4-mnH 1,512 |DNB e
tES 1 \S [-0.409 = 0.8 [2. 18 [—
0.50|~-140 0.3\ 0.9
-L2S -0l 0.49 [0.123
a5 | -v. ; AN
‘I"‘s ggi 005 -0.9 g‘xso 9.26 [0.00) Z-.:.
00 1930/ 0390 [-0.08f 22D 2 [o.083 |-
1.25 |-0.28 0.083 .89
0.205|-0.05! 0.0%8 [a.o\8
.50 ]-0.13 0.0%2 ©.834
= -0.095 |-0.C24 0.020 | 8,005
L LY e BT ol oy g L2
2o0) O TIZX7777A O 772077774 ©- 80

|

O
T LT T yere——

p——

°5 ST e TS TES s s 1o LY
(@) We had found vy =1.914 m/s 4
(b)  Att=2s x=0.840m <
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a (m/s2)

7.0

=

6.0

PROBLEM 11.82

The acceleration record shown was obtained during

5.0

the speed trials of a sports car. Knowing that the car

4.0

starts from rest, determine by approximate means

3.0

N i (a) the velocity of the car at t = 8 s, (b) the distance
\. the car has traveled at t =20 s.

20

1.0

2 4 6 8 10 12 14 16 18 20 22 t(s;

Given:

1.

SOLUTION

a—t curve; at t=0, x=0, v=0

The a—t curve is first approximated with a series of rectangles, each of width Ar =2s. The

area (At)(a
specified interval of time. Thus,

) of each rectangle is approximately equal to the change in velocity Av for the

ave

Av =a,, At

where the values of a,,, and Av are given in columns 1 and 2, respectively, of the following table.

€
Noting that v, =0 and that
vy, = v + Ay,

where Av,, is the change in velocity between times #, and #,, the velocity at the end of each 2 s
interval can be computed; see column 3 of the table and the v—¢ curve.

The v—t curve is next approximated with a series of rectangles, each of width Ar=2s. The

area (Ar)(v,
specified interval of time.

) of each rectangle is approximately equal to the change in position Ax for the

ave

Thus, Ax=v . At

— Tave

where v,,, and Ax are given in columns 4 and 5, respectively, of the table.

(9
With x, =0 and noting that
Xy, =x tAx,

where Ax;, is the change in position between times ¢, and #,, the position at the end of each 2 s
interval can be computed; see column 6 of the table and the x—¢ curve.
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PROBLEM 11.82 (Continued)
\ 2 3 4 ) o a, ™t
o o™t tawe™d 05| 15, "s [Se sl A% | X, W T
) Y . ALl L. o - XL o (.
* S8 | W2 e 5.8 | waz WL 5
£ 398 N | ew — W | 1238 sl TN
4 2. 0.0\ vy 44 N0 N
2.238 | bW oy 24.04 | 4O. 2.8 af oo d
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\. 42 2.BA ——q 41,54 | 83.08 __'.Sl .
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1 e Mo | wzo ‘1 A5 |On.0N m - 1 |
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o o] 1 ) HE 1
20 ] oM Fooi s Bt ss Lol ol VeRRERERE
22 | 080 (a7 d VA0 b7 Ve b AT
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oh A1 1 bbb b
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Ry
LOO
1
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R
1001 R
IR 0
A
WO HE 1 ) 't '
[ : : : : : ]
wer SRR R A
¢ bt b of ot og g
oo 2 4 W B WO\ W W8 2022 T
(a) At t=8s, v=32.58 m/s or v=117.3km/h <
1= S X= m
(b) At 20 660 m <«
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~a (ft/s?) PROBLEM 11.83
[j:; e - A training airplane has a velocity of 126 ft/s when it lands on
i Bl | an aircraft carrier. As the arresting gear of the carrier
j” B " brings the airplane to rest, the velocity and the acceleration
® \ ' of the airplane are recorded; the results are shown (solid
% _\' [ curve) in the figure. Determine by approximate means (a)
& | | the time required for the airplane to come to rest, (b) the
% 20 40 60 80 100 120 140 v(ns  distance traveled in that time.
SOLUTION
Given: a—v curve:
vy =126 ft/s
The given curve is approximated by a series of uniformly accelerated motions (the horizontal dashed lines on
the figure).
, , o, Mg
For uniformly accelerated motion ] SO 458 -
v =vi+2a(x, — x) I ® ; n g.-_-.ll.ss
4of !
v, =V, +a(t, —t) ! ! Ir-_ ol
i ! PN
22 Wt ! ¢! 1 ®y
or Ax=22"" i T R
2a o} l ] ! |1 8
N R B S ) A O
At:u °S ™ as w & W EEER o, s
a 26
For the five regions shown above, we have
Region | v, fi/s v,, ft/s a, ft/s* Ax, ft At,s
1 126 120 -12.5 59.0 0.480
2 120 100 =33 66.7 0.606
3 100 80 —45.5 39.6 0.440
4 80 40 -54 44.4 0.741
5 40 0 =58 13.8 0.690
> 2235 2.957
(a) From the table, when v=0 t=296s 4
(b) From the table and assuming x, =0, when v=0 x=2241t 4
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v (in./s) PROBLEM 11 .84

100 = Shown in the figure is a portion of the experimentally
_ ol determined v—x curve for a shuttle cart. Determine by
80 : approximate means the acceleration of the cart (a) when
x=101in., (b) when v =380 in./s.

60 i

40

20

0 10 20 30 40 50 x (in.)

SOLUTION

Given: v—x curve

A, N,
First note that the slope of the above curve is %. Now
dv
a=v—
dx
(@) When x=101in., v=55in./s
Then a =55 in.js | 2105
13.5in.
or a=163.0 in/s* 4
(b) Whenv=280in./s, we have
a=80in./s [401—‘_1‘/5]
8 in.
or a=1143in/s> 4

Note: To use the method of measuring the subnormal outlined at the end of Section 11.8, it is necessary
that the same scale be used for the x and v axes (e.g., 1 in. =50 in., 1 in. = 50 in./s). In the above
solution, Av and Ax were measured directly, so different scales could be used.
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PROBLEM 11.85

Using the method of Section 11.8, derive the formulax = x, +vot—i-%at2 for the position coordinate of a
particle in uniformly accelerated rectilinear motion.

SOLUTION

The a—t curve for uniformly accelerated motion is as shown.

a -
ek 2t
of——]

o C

o S

Using Eq. (11.13), we have

X =X, + vyt + (area under a—t curve) (f—1)
1
=X, +Vvyt +(tXa) t—Et

=x, + Vvt + %atz QE.D. <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

122

STUDENTS-HUB.com


https://students-hub.com

PROBLEM 11.86

a(fus?) Using the method of Section 11.8 determine the position of the
particle of Problem 11.61 when =8 s.

6 - -——

3

0 :| e PROBLEM 11.61 A particle moves in a straight line with the
,}; _____ - ' acceleration shown in the figure. Knowing that it starts from the
origin with v, =-14ft/s,plot the v—t and x—t curves for
0<t<15sand determine (a) the maximum value of the velocity

of the particle, (b) the maximum value of its position coordinate.

SOLUTION
a (&/sY
I 75
T
B ‘-- > | 1 'o“
3 .
I\,
2z s 8
X, =0
vy =—14 fit/s

when ¢ =8s:
X =xy + vt +ZA(t —1)
=0— (14 ft/s)(8 s) +[(3 ft/s*)(2 )1(7 s) + [(8 ft/s?)(3 )] (4.5 5) +[(3 ft/s)(35)](1.5 s)
xg =—1121ft +42 ft +108 ft +13.5 ft xg =51.5ft «
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a (m/s?) PROBLEM 11.87
30
The acceleration of an object subjected to the pressure wave of a
large explosion is defined approximately by the curve shown. The
object is initially at rest and is again at rest at time #,. Using the

: Hs) method of section 11.8, determine (a) the time #,, (b) the distance
\L//// through which the object is moved by the pressure wave.
-10
«—0.85—>]
t |
SOLUTION

0.23 L

(@) Since v=0 when =0 and when ¢ =1, the change in v between ¢ =0 and 7 =1, is zero.

Thus, area under a—t curve is zero
A+A+A=0
%(30)(0.6) + %(—10)(0.2) +%(—10)(t1 -0.8)=0
9-1-54+4=0 ,=240s 4

(b) Position whent=1t=24s

2

x=xy+vt; + At —02)+ A, (¢, —0.733) + A;| — |(t; —0.8)
0 0°1 1\1 2 \*1 3 3 1

=0+0+(9)(2.4-0.2)+(-1)(2.4-0.733) + [%(—10)(2.4 - 0.8)}%(2.4 -0.8)

=19.8m—-1.667 m—8.533m x=9.60 m <«
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v (ft/s)

60

-20

f(s)

PROBLEM 11.88

For the particle of Problem 11.63, draw the
a—t curve and determine, using the method
of Section 11.8, (a) the position of the
particle when #=52s, (b) the maximum
value of its position coordinate.

PROBLEM 11.63 A particle moves in a
straight line with the velocity shown in the
figure. Knowing that x =-540m at ¢ =0,
(a) construct the a—t and x—t curves for
0<t<50s, and determine (b) the total
distance traveled by the particle when
t=50s, (c) the two times at which x =0.

SOLUTION

We have

dv
a:_
dt

where % is the slope of the v—¢ curve. Then

from t=0 tor=10s:

t=10stor=26s:

t=26stot=41s:

t=41stot=46s:

t>46s:

vy =constant = a =0

—20-60 _

a=—————=-5m/s’

26-10
v=constant = a =0

_ —5-(=20)

a=———"Z=3m/s’

46— 41

v=constant = a =0

The a—t curve is then drawn as shown.

(a)  From the discussion following Eq. (11.13),

we have

X=Xy +vot; + ZA(t, — 1)

i o
L

o e
L IS

where A is the area of a region and 7 is the distance to its centroid. Then, for 7, =52 s

or

x=-540 m+ (60 m/s)(52 s) + {—[(16 s)(5 m/s*)](52—18) s
+[(5 8)(3 m/s*)](52 — 43.5)s}
=[=540 + (3120) + (=2720+127.5)] m

x=-1250m <
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PROBLEM 11.88 (Continued)
(b) Noting that x, . occurs when v=0 (% = 0), it is seen from the v—f curve that x,_, occurs for
10s < t<26s. Although similar triangles could be used to determine the time at which x=x,
(see the solution to Problem 11.63), the following method will be used.
For 10 s<t <26 s, we have
x =—-540+ 601, o w/st
1 >
—[(z, —=10)(5)] [E - 10)} m 4
5 2 -5
=-540+60¢t, ——(t, —10) 1O &
! 2 ! _i- t' ——J
When x=x_,,: @=60—5(t1—10)=0
dt

or (1), =225
Then X = —340 +60(22) — % (22-10)*
or Xpax =420 m
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PROBLEM 11.CQ3

A Two model rockets are fired simultaneously from a ledge and follow the
trajectories shown. Neglecting air resistance, which of the rockets will
ﬂ" aB hit the ground first?
(@ A

(b) B
(¢) They hit at the same time.
(d) The answer depends on A.

SOLUTION

The motion in the vertical direction depends on the initial velocity in the y-direction. Since A has a larger
initial velocity in this direction it will take longer to hit the ground.

Answer: (b) 4
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PROBLEM 11.CQ4

Ball A is thrown straight up. Which of the following statements about the ball are true
at the highest point in its path?

h
(a) The velocity and acceleration are both zero.

T J: i (b) The velocity is zero, but the acceleration is not zero.
A ’
— (c) The velocity is not zero, but the acceleration is zero.

(d) Neither the velocity nor the acceleration are zero.

SOLUTION

At the highest point the velocity is zero. The acceleration is never zero.
Answer: (b) 4
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PROBLEM 11.CQ5

Ball A is thrown straight up with an initial speed v, and reaches a maximum elevation 4 before falling back
down. When A reaches its maximum elevation, a second ball is thrown straight upward with the same initial
speed vy. At what height, y, will the balls cross paths?

(@ y=h
b) y>hR2
(c) y=h2
d) y<hl2
() y=0
SOLUTION

When the ball is thrown up in the air it will be constantly slowing down until it reaches its apex, at which
point it will have a speed of zero. So, the time it will take to travel the last half of the distance to the apex will
be longer than the time it takes for the first half. This same argument can be made for the ball falling from the
maximum elevation. It will be speeding up, so the first half of the distance will take longer than the second
half. Therefore, the balls should cross above the half-way point.

Answer: (b) 4
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PROBLEM 11.CQ6

Two cars are approaching an intersection at constant speeds as shown. What
velocity will car B appear to have to an observer in car A?

= | @— N 0N @S @ )

SOLUTION

Since v = v+ vp4 we can draw the vector triangle and see

V=V, + Vg, Answer: (¢) 4
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PROBLEM 11.CQ7

Blocks A and B are released from rest in the positions shown. Neglecting friction between all surfaces, which
figure below best indicates the direction ¢ of the acceleration of block B?

(@) <> () l (©) ()
A
SOLUTION
Since dg =d, +dg, we get
aa
ap
ap/a

Answer: (d) 4
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PROBLEM 11.89

A ball is thrown so that the motion is defined by
the equations x =57 and y =2+ 61— 4.9t*, where
x and y are expressed in meters and ¢ is expressed
in seconds. Determine (a) the velocity at r=1s,
(b) the horizontal distance the ball travels before
hitting the ground.

SOLUTION
Units are meters and seconds.
Horizontal motion: v, = @ 5
dt
. . dy
Vertical motion: v, =——= 6-9.8¢
dt
(@) Velocityatr=1s. v, =5
v, =6-9.8=-3.8
v= 242 =452 +3.8% =628 ms
v, —
tané’:—):ﬂ 6=-37.2°
v, 5
(b) Horizontal distance: (y=0)
y=2+6t —4.9¢>
t=1.4971s

x=(5)(1.4971) =7.4856 m

v=6.28 m/s < 37.2° 4

x=749m <
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g PROBLEM 11.90

9 The motion of a vibrating particle is defined by the position vector
r=10(1—¢ )i+ (4e > sinl5¢)j, where r and ¢ are expressed in
I millimeters and seconds, respectively. Determine the velocity and

acceleration when (a) t=0, (b) t=0.5s.
0 [

SOLUTION

r=10(1—¢")i+ (4 sin151)j

Then v= ? =30e i +[60e™ cos15t —8e™' sin15¢]j
t
and a=% 900+ [—120e™ cos15¢ —900e ™ sin15¢ —120e ™ cos157 +16e~* sin15¢]j

dt
=—90e"i +[-240e > cos15¢ —884e™* sin15¢]j

(@) When t=0:

v =30i + 60j mm/s v=67.1mm/s < 63.4° 4
a =-90i — 240j mm/s* a=256 mm/s> 27 69.4° 4
When t=0.5s:

v =30e""%i+[60e™! cos7.5—8¢ ' sin7.5]

= 6.694i + 4.8906j mm/s v=8.29 mm/s A 36.2° 4
a=90¢""i +[-240¢ ™" cos 7.5 —884¢ ' sin7.5j]

=-20.08i — 335.65j mm/s* a=336 mm/s’> 7 86.6° 4
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4 PROBLEM 11.91

" " o The motion of a vibrating particle is defined by the position vector
\ 0 / 1in. r = (4sin zt)i — (cos 27zt)j, where r is expressed in inches and 7 in
\/ 1in. * seconds. (a) Determine the velocity and acceleration when ¢=1s.

E (b) Show that the path of the particle is parabolic.

SOLUTION

r = (4sin zzt)i — (cos 27t)j
v =(4mcosxt)i+ (2zsin2xt)j

a=—(47" sin )i + (477 cos 271)j

(@) When t=1s:
v =(4rcos )i+ (2xsin27) v=—(4rin/s)i 4
a=—(47’ sin )i — (477 cos 7)j a=-(47’in/s?)j <

(b)  Path of particle:

Since r=xi+yj; x =4sin 7t y =—cos 2zt
Recall that cos26 =1—2sin’> 8 and write

y =—cos 27t = —(1 - 2sin’ 711) (1)

But since x =4sinszt or sinzwt = %x, Eq.(1) yields

2
y=- 1—2(%) yzéxz—l (Parabola) <«
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PROBLEM 11.92

The motion of a particle is defined by the equations x =10t —5sint and y =10—5cos?, where x and y are
expresed in feet and # is expressed in seconds. Sketch the path of the particle for the time interval 0 <t <27,
and determine (a) the magnitudes of the smallest and largest velocities reached by the particle, (b) the
corresponding times, positions, and directions of the velocities.

SOLUTION

Sketch the path of the particle, i.e., plot of y versus x.

Using x =10 —5sint, and y =10—5cost obtain the values in the table below. Plot as shown.

1(s) x(ft) y(ft)
0 0.00 5
z 10.71 10
2
7 3141 15

3 X 52.12 10

2
wr | 62.83 5

1 T T T T T T

14

12

10

y(m
[
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PROBLEM 11.92 (Continued)

Veloctty (fts)

7
Time(s)
(a) Differentiate with respect to 7 to obtain velocity components.
v, _d_ 10—5cost and v, =S5sint
dt :
v = vf + v)z, =(10- SCost)2 +25sin’ 1 =125-100cos?
2
d(;) =100sint =0 ¢t=0.*t7 t27...tNx
t
When t=2Nr. cost=1. and v is minimum.
When 1 =(2N + 7. cost=—1. and v is maximum.
(V)i = 125-100 = 25(ft/s)* Vi =3 ft/s
() =125 +100 = 225(ft/s)* Viax =15 ft/s 4
(b)) Whenv=v,_.
When N =0,1,2,... x=1027N) —5sin(2zN) x=207zN ft 4
y=10-5cos(2zN) y=5ft 4
v, =10—5cos(27N) v, =5ft/s 4
v, =5sin(2zN) v, =0 <
v
tan @ =— =0, 6=0 4

vx
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PROBLEM 11.92 (Continued)

When v=v,__. t=(2N+D)7s 4
x=10[272(N —1)]=5sin[272(N +1)] x=20Z(N+1)ft 4
=10 5cos[27(N +1)] y=15ft <
v, =10 = 5cos[27(N +1)] v =151fUs <

v, =5sin[27(N +1)] v, =0 <
tanﬂz%zo, 6=0 <
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Yy, PROBLEM 11.93
1.0 = The damped motion of a vibrating particle is defined by
the position vector r = x,[1-1/( +D]i+ (ye " "2 cos 27t)j,
05— where ¢ is expressed in seconds. For x, =30 mm and
y1=20 mm, determine the position, the velocity, and the
0 J | ' acceleration of the particle when (a) =0, (b) t=1.5s.
0.2 0.4 o
-05
“1.0
SOLUTION
We have r= 30(1 - Ll)n +20(e”™? cos 271)j
r+
Then v= dar
dt
1. T _zil2 —mil2 .
=30 D 1+ 20(—3e cos 2zt —2re sin 272'[]]
r+
=30 ~i-207| e ™" (lcos 27t +2 sin ij j
(t+1) 2
and a= ﬂ
dt
=-30 ~i-207 _E o2 (lcos 27t +2 sin 2m] +e ™2 (= sin 27t + 4 cos 27t) | j
t+1 2 2
%0 ;. 107%™ (4 sin 27t — 7.5 cos 271)j
(r+1)°
t+
1), .
(@) Att=0: r=30(1—1)1+20(1)1
or r=20mm| <«
1 1
v=30| - |i—-20z| ()| =+0]]j
[J {( )(2 HJ
or v =434 mm/s ~{_ 46.3° 4
a= —%i +107%(1)(0—7.5)j
or a =743 mm/s> 7 85.4° 4
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(b)

PROBLEM 11.93 (Continued)

Atr=15s: r:30(1—2i5)i+20e°-75”(cos 37)j

= (18 mm)i +(—1.8956 mm);j

or
v=—2 ~i— 207”7 [lcos 37+ oj i
(2.5) 2

=(4.80 mm/s)i + (2.9778 mm/s)j
or

___00 ~i+107%¢ 77 (0~ 7.5 cos 37)j

(2.5)

= (=3.84 mm/s®)i + (70.1582 mmy/s?)j

or

r=18.10 mm < 6.01° <4

v=5.65mm/s A" 31.8° 4

a=70.3 mm/s? ™x 86.9° «

139
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PROBLEM 11.94

The motion of a particle is defined by the position vector
r = A(cos t+tsint)i+ A(sin t —t cos t)j, where ¢ is expressed in
seconds. Determine the values of ¢ for which the position vector

p and the acceleration are (a) perpendicular, (b) parallel.

o, P x
SOLUTION
We have r=A(cost+tsint)i+ A(sint —1 cos 1)
dr . . .
Then V=d—=A(—s1nt+s1nt+tcos i
t
+ A(cost—cost+tsint)j
=A(tcost)i+ A(tsin t)j
av L . .
and a =7 = A(cost—tsin )i+ A(sint +1 cost)j
t
(a) When r and a are perpendicular, r-a=0

(b)

Al(cost+tsint)i+(sint—tcost)j]- A[(cost—tsint)i+(sinz+1cost)jl=0

or (cost+tsint)(cost—tsint)+(sint—¢tcost)(sint+tcost)=0
or (cos® t — 1% sin® 1) + (sin® t — > cos® 1) = 0
or 1-*=0 or t=1s 4

When r and a are parallel, rxa=0

Al(cost+tsint)i+ (sint—tcost)jl X A[(cost—tsint)i+(sinz+7cost)jl=0

or [(cost+tsint)(sint+1cost)—(sint—tcost)(cost—tsint)]k=0
Expanding (sinfcost+1+¢>sinfcost)—(sincost—t+1>sint cost) =0
or 2t=0 or =0 4
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PROBLEM 11.95

The three-dimensional motion of a particle is defined by the position vector r = (Rt cos @w,)i + ctj + (Rt sin
w,t)k. Determine the magnitudes of the velocity and acceleration of the particle. (The space curve described
by the particle is a conic helix.)

SOLUTION
We have r = (Rt cos w,1)i+ctj+ (Rt sinw, )k
dr . N .
Then v =—=R(cos w,t — @,t sin W, )i +cj+ R(sin @,t + ,t cos ®,1)k
dt
dv
and a=—
dt
= R(-@, sin @,t — @, sin @t — @}t cos o, 1)i
+ R(@, cos @, + @, cos 0,1 — @t sin @,Hk
_ . 2 . 2. .
= R(-2w, sin w,t — Wt cos w,1)i+ R(2w, cos w,t — w,t sin @), 1)k
2_ 2, .2, 2
Now LA U S TR o
=[R(cos @,t — w,t sin @,1)]* + (c)* +[R(sin @,t + @, cos @, 1))’
2 2 : 2.2 . 2
=R [(cos w,t —2m,t sin @,t cos @,t + @,t" sin a)nt)
.2 . 2.2 2 2
+ (sm w,t+2m,t sin ,t cos @,t + w,t" cos a)ntﬂ +c
=R’ (1+a),ft2)+c2
or 11=\/R2(1+a)5t2)+c2 <
2_ 2., 2, 2
Also, a~=a; +a,+a;

2
= [R(—za)n sin @,t — @'t cos a)ntﬂ +(0)°
2. 2
+ [R(Za)n COS W,t — @, sin a)nt)}
=R’ [(4(03 sin’ @, ¢ + 4@t sin @, cos w,t + 1> cos’ a)nt)
+ (4603 cos® @,t — 4@t sin @, cos @t + @t sin” a)nt)}

=R’ (4603 +a)jt2)

or a=Rw,J4+w't* 4
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PROBLEM 11.96

The three-dimensional motion of a particle is defined by the position
vector r=(Af cos )i+ (At? +1)j+ (Btsint)k, where r and ¢ are
expressed in feet and seconds, respectively. Show that the curve
described by the particle lies on the hyperboloid (IA)? — (xIA)* —
(z/B)2 =1. For A=3 and B =1, determine (a) the magnitudes of the
velocity and acceleration when ¢t =0, (b) the smallest nonzero value
of ¢ for which the position vector and the velocity are perpendicular
to each other.

SOLUTION
We have r = (A7 cos )i+ (AN + 1)j+ (Bt sin t)k
or x=Arcost y=AJr*+1 z=Btsint
. 2
Then cost=— sintzi = b -1
At Bt A
o\ 2
Now cos’t+sin’t=1 = |—| + = =1
At Bt
2 2
or P R N S
A B
2 L\ 2
Then SR B N
A A B
2V 2
or T B L I ) Q.ED. <
A A B

(@) With A=3 and B =1, we have

V=£=3(cost—tsint)i+3

t

dt VP +1
t

dv \/t2+1—t(m)j

and a=—=3(—sin¢—sin¢—7cost)i+3 >
dt @+

+(cost+cost—tsint)k

j+(sinzt+1cos t)k

=—3(2sint+tc0st)i+3(2;3/2j+(2005t—tsint)k
t

+1)
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PROBLEM 11.96 (Continued)

At 1=0: v=3(1-0)i+(0)j+(0)k
v=V+vs+v?

or v=31ft/s 4

and a=-3(0)i+3()j+(2-0k

Then a’ =07 +3)*+(2)* =13

or a=3.61ft/s> <4

(b) Ifrand v are perpendicular, r-v=0

[(37 cos )i+ (3VE + 1)j+ (¢ sin 1)k]-[3(cos t —¢ sin 1)i + (3 Jj +(sint+tcost)k]=0

t
Vi +1

or (3t cos t)[3(cos t—t sin 1)]+ (3\/t2 + 1)(3%) +(tsint)(sint+1cost)=0
" +1
Expanding (9t cos® 1 —9¢*sin 7 cos 1) + O+ (¢ sin®7+%sin 7 cos 1) =0
or (with ¢t #0) 10+8cos®t — 8¢ sint cos =0
or 7+2cos2t—2tsin 2t =0
Using “trial and error” or numerical methods, the smallest root is r=3.82s 4

Note: The nextrootis t =4.38s.
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PROBLEM 11.97

An airplane used to drop water on brushfires is flying
horizontally in a straight line at 180 mi/h at an altitude of
300 ft. Determine the distance d at which the pilot should
release the water so that it will hit the fire at B.

SOLUTION

First note vy =180 km/h =264 ft/s

Place origin of coordinates at Point A.

Vertical motion. (Uniformly accelerated motion)

y=0+(0)t—%gt2 QELY_
L

AtB: -300 ft = —%(32.2 ft/s”)t* [
or ty =4.31666 s
Horizontal motion. (Uniform)

x=0+,),t
At B: d = (264 ft/s)(4.31666 s)
or d=1140 ft <
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‘ :: 180 kan/h PROBLEM 11-98

A helicopter is flying with a constant horizontal velocity of
180 km/h and is directly above Point A when a loose part
begins to fall. The part lands 6.5 s later at Point B on an
inclined surface. Determine (a) the distance d between
Points A and B, (b) the initial height A.

SOLUTION

Place origin of coordinates at Point A.

Horizontal motion: (v,)o =180 km/h =50 m/s
x=xy+ W, )t =0+50t m

At Point B where t; =6.55, xp =(50)(6.5)=325m

(a) Distance AB.
325

From geometry d= d=330m <«
cos10°
. . 1 5,
Vertical motion: y=Yo+ ()t - B gt
At Point B —xp tan10° = h+0—%(9.81)(6.5)2
(b) Initial height. h=1499m <«
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PROBLEM 11.99

| 122 m

A baseball pitching machine “throws” baseballs with
— | %2 ahorizontal velocity vo. Knowing that height / varies

13m :—____TA between 788 mm and 1068 mm, determine (a) the
- ' range of values of vy, (b) the values of ¢ corresponding
to =788 mm and 4 = 1068 mm.

SOLUTION

Y
A;__\:____\
T_ T - - g o

15 =
m a— \.S\\%
A

| lo

¥ - e * = > ' %
‘ﬁ 12.2 J
(a) Vertical motion: Yo =15m, (vy)y =0
1 2(yo —
Yy =Y+ )t - —gz‘2 or t = 200 =)
2 \ g
At Point B, y=h or tg = fM
8
When 4 = 788 mm = 0.788 m, tg = /w = 0.3810s
When /= 1068 mm = 1.068 m, g = /w =0.2968 s
Horizontal motion: X =0, v)o = Vo
X _ Xp
X =yt or Vo= —=—
0 0= s
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PROBLEM 11.99 (Continued)

With x, = 12.2m, weget v = —=2 = 32.02 mis

0.3810
and vy = 122 __ 41.11 m/s

0.2968
32.02 m/s < vy < 41.11m/s or 115.3 km/h < v, < 148.0 km/h <

(b) Vertical motion: v, =(vy)g — gt = —gt
Horizontal motion: Ve =V
tana:_ﬂz_Mzﬁ
dx Vg Vo
For h = 0.788 m, tano = ©810.3810) _ 0.11673, o =6.66° 4
32.02

For h =1.068 m, tano = % = 0.07082, o =4.05° <
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PROBLEM 11.100

- / While delivering newspapers, a girl

throws a newspaper with a horizontal
velocity vy. Determine the range of
values of v, if the newspaper is to

|
14 in. \
- } land between Points B and C.
|
i
Hi
i
|
|
|
| |
. el |
4 f 5in. N
Sin.
Sin. | B.
71t !

SOLUTION
Vertical motion. (Uniformly accelerated motion) : ,__ﬂ__":-’:—‘ s —
y=0+(0) - % gt’ ‘—‘}; ) R, St
I —e i

Horizontal motion. (Uniform)

x=0+,)t =Vt

At B: y: 3lg= —1(32.2 ft/s*)e?
3 2

or tg =0.455016 s

Then x: 7 ft = (v,)5(0.455016 s)

or (vy) g =15.38 ft/s

At C: y: 2 ft= —%(32.2 ft/s*)e?

or to =0.352454 5

Then x: 12%& = (1)) (0.352454 5)

or (vo)e =35.0 fit/s

15.38 ft/s < v, <35.0 ft/s «
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—— PROBLEM 11.101
L\ 1[50 Water flows from a drain spout with an initial velocity of
N ¢ 2.5 ft/s at an angle of 15° with the horizontal. Determine
N the range of values of the distance d for which the water
L\ 10 ft will enter the trough BC.
\\
B YC
J fiaf
—d—l
SOLUTION
First note (v,)o = (2.5 ft/s) cos 15° =2.4148 ft/s

(vy)g =—(2.5 ft/s) sin 15° = —0.64705 ft/s

Vertical motion. (Uniformly accelerated motion)

y =0+(vy)0t—%gt2

At the top of the trough

—8.8 ft = (=0.64705 ft/s)¢ —%(32.2 ft/s?) 12

or tpe =0.719491s  (the other root is negative)

Horizontal motion. (Uniform)

x=0+,),t
In time 7, Xpe =(2.4148 ft/5)(0.719491 s) =1.737 ft

Thus, the trough must be placed so that
xp <1737 ft or x, 21.737 ft

Since the trough is 2 ft wide, it then follows that 0<d<1.737 ft 4
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PROBLEM 11.102

A Y Milk is poured into a glass of height 140 mm and inside
40° diameter 66 mm. If the initial velocity of the milk is 1.2 m/s at

o an angle of 40° with the horizontal, determine the range of

values of the height 4 for which the milk will enter the glass.

B C

-—

50 mm

SOLUTION
First note i

(v,)o = (1.2 m/s) cos 40°=0.91925 m/s ':::“‘f"

(vy)o =—(1.2 m/s) sin 40° =—-0.77135 m/s W r PR T

B e
Horizontal motion. (Uniform) e :[b ——
x=0+(v,)t I !
80 mm Ll mm

Vertical motion. (Uniformly accelerated motion)
L -
Y=Y +(vy)ot—5gt

Milk enters glass at B.

x: 0.08m=(0.91925 m/s)t or tz=0.087028 s
0.140 m = Ay +(=0.77135 m/s)(0.087028 s)

—%(9.81 m/s>)(0.087028 s)*

or hg =0.244 m

Milk enters glass at C.

x: 0.146 m=(0.91925 m/s)t or t.=0.158825s
y: 0.140 m = h, +(-0.77135 m/s)(0.158825 s)

—%(9.81 m/s>)(0.158825 s)>

or he =0.386 m
0.244 m<h<038 m 4
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PROBLEM 11.103

A volleyball player serves the ball with
an initial velocity vy, of magnitude
( 13.40 m/s at an angle of 20° with the
~—“  horizontal. Determine (a) if the ball
| will clear the top of the net, (b) how far

9m | from the net the ball will land.

SOLUTION

First note (v,)o = (13.40 m/s) cos 20° =12.5919 m/s

(a)

(b)

(vy)p = (13.40 m/s) sin 20° =4.5831 m/s

| 7 TI— -
Sl ul_ =
FAL A3wm So
i’ i W
I -1
d
Horizontal motion. (Uniform)
x=0+,),t
AtC 9m=(125919 m/s)t or t,=0.71475s
Vertical motion. (Uniformly accelerated motion)
L >
Y=Y +(vy)0t—5gt
At C: Yo =2.1m+(4.5831 m/s)(0.71475 s)

—%(9.81 m/s*)(0.71475 s)?

=287 m
Yo >2.43 m (height of net) = ball clears net <«
AtB, y=0: 0=2.1m+(4.5831 m/s)t—%(9.81 m/s?)r?
Solving ty =1.271175 s (the other root is negative)
Then d =)oty =(12.5919 m/s)(1.271175 s)
=16.01m
The ball lands b=(16.01-9.00) m=7.01 m from the net 4
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PROBLEM 11.104
A golfer hits a golf ball with an initial velocity of 160 ft/s at an angle of 25° with the horizontal. Knowing that
the fairway slopes downward at an average angle of 5°, determine the distance d between the golfer and Point B
where the ball first lands.
.
!
__AA 25°
—_"'__———}.__________________ : B 5°
—
\
SOLUTION
First note (v,)y = (160 ft/s) cos 25° k
(v,) = (160 ft/s)sin 25° =
KT,
and at B Xg=d cos5° ygp=-dsin5°
Now Horizontal motion. (Uniform)
x=0+,),t
AtB d cos 5°=(160cos 25°)t or tg =L
160 cos 25°
Vertical motion. (Uniformly accelerated motion)
I 2
y=0+ (vy)ot—zgt (g =322 ft/s7)
At B: —d sin 5° = (160 sin 25°)¢, —%gté
5 I 5o )
Substituting for #, —d sin 5° = (160 sin 25°) L d——g LN d*
160 cos 25° 2 {160 cos 25°
2 2
or =——(160 cos 25°)” (tan 5° + tan 25°)
32.2cos 5°
=726.06 ft
or d=242yd 4
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HHHHHH 23 PROBLEM 11.105
cEc e B A homeowner uses a snowblower to clear his
driveway. Knowing that the snow is discharged
351t at an average angle of 40° with the horizontal,
L determine the initial velocity vy of the snow.
I 14 ft
SOLUTION
First note (v,)p =V, cos40° " SE— %
(vy)o = Vo sin40° 1/' ’ e
: : : e 14 fL P
Horizontal motion. (Uniform) v
x=0+,),t
14
At B: 14 =(vycos40°)t or tp=—"-—
v, cos 40°
Vertical motion. (Uniformly accelerated motion)
- L > _ 2
y—0+(vy)0t—5gt (g =322 ft/s7)
PN 1 5
At B: 1.5 = (v, sin40°) 1, _EgtB
Substituting for #,
14 1 14 Y
1.5=(v,sin40°%)| —— |- —g| —————
Vycos40° ) 2 | v, cos40°
,  1(32.2)(196)/ cos® 40°
or vy =
—1.5+14tan40°
or vy =22.9 ft/s 4
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PROBLEM 11.106

At halftime of a football game souvenir
balls are thrown to the spectators with a
velocity vy. Determine the range of values
of vy if the balls are to land between Points
Band C.

SOLUTION
The motion is projectile motion. Place the origin of the xy-coordinate system at ground level just below Point A.
The coordinates of Point A are x, =0, y, =2m. The components of initial velocity are (v,), =v,cos40° m/s
and (v,), =v,sin40°.
Horizontal motion: X=Xy + (v, )ot = (v,cos40°) (1)
Vertical motion: Y=Y+ ()t = % gt’
=2+ (v,sin40°) = —%(9.81)t2 2)
From (1), Vol = 3
W " cos40° ©)
Then y =2+ xtan 40° — 4.905¢
2+ xtan40° -
pos i o) “)
4.905
Point B: x=8+10c0s835°=16.1915m
y=15+10sin35°=7.2358 m
vyt =20 51 1365 m
cos40°
t2=2+16.1915tan40 —7.2358 £ =13048 s
4.905
21.1
Vo _ 211365 vy =16.199 m/s
1.3048
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PROBLEM 11.106 (Continued)

Point C: x=8+4+(10+7)c0s35°=21.9256 m
y=1.5+(10+7)sin35°=11.2508 m

Vot =M =28.622 m
cos40°

t2:2+21.9256tan40 —11.2508 £ =1.3656

4.905

Vo 286022 vy = 20.96 m/s

1.3656

16.20 m/s <v, <21.0 m/s 4

Range of values of vy.
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16 ft

N
:

PROBLEM 11.107

A basketball player shoots when she is 16 ft from the
backboard. Knowing that the ball has an initial velocity vy

Vertical motion. (Uniformly accelerated motion)

e at an angle of 30° with the horizontal, determine the value
My N of vy when d is equal to (@) 9 in., (b) 17 in.
30°/ ™ oA
- ‘
10 fi
6.8 1t
SOLUTION
H — o _ : o e
First note (v, )y =V, cos 30 (vy)g =V, sin 30 S - \\Iw
. . . w7 A
Horizontal motion. (Uniform) x=0+(v,),t (1)t ——]
16 —
At B: (16—-d)=(v, cos30°)t or tg =&
v, cos 30°

y =O+(vy)0t—%gt2 (g =322 ft/s?)

6-d ) 1 ( 16-d Y
vy cos 30° 2g v, cos 30°

At B: 3.2 = (v, sin 30°)1, —% gts
.. . 1
Substituting for ¢ 3.2=(y, sin 300){
2
or vg _ 2¢(16—d)

3[%(16—01)—3.2}

)2
2 v, =29.8 ft/s <

3 (16-4)-

2(32.2)(16 -2
(@ d=9in.: V2 = (32.2)(16 -

3 L(16-2)-32]

2(32.2)(16-11
(b) d=17in: G (161

7)2
2 vy =29.6 ft/s

3.2}
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PROBLEM 11.108

A tennis player serves the ball at a height 2 = 2.5 m with an initial velocity of v, at an angle of 5° with the
horizontal. Determine the range for which of v, for which the ball will land in the service area which extends
to 6.4 m beyond the net.

0.914 "r “
LY |

! 12.2 m ! 6.4 m |

SOLUTION

The motion is projectile motion. Place the origin of the xy-coordinate system at ground level just below the
point where the racket impacts the ball. The coordinates of this impact point are x, =0, y, =h=2.5m. The

components of initial velocity are (v,), = v, cos5° and (v,), = v, sin5°.

Horizontal motion: X=Xy + v, )yt =(v,cos5)t (1)
Vertical motion: Y=Y+ (vt = % gt’
=2.5—(v,sin5°)¢ =—%(9.81)t2 2)
From (1), Vol = (3)
cos5°
Then y=2.5—xtan5° — 4.905¢>

2 25—xtan5°—y

4
4.905 ®

At the minimum speed the ball just clears the net.

x=122m, y=0.914m

Vot = 122 _ 12.2466 m
cos5°
2 2.5-12.2tan5°-0.914 £ 2032517 s
4.905
Vo _ 12.2466 vy =37.66 m/s
0.32517
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PROBLEM 11.108 (Continued)

At the maximum speed the ball lands 6.4 m beyond the net.
x=1224+64=186m y=0

Vot =— - =18.6710m
cos
2_25-186En5°-=0 oo
4.905
2 _18.6710 v, =44.26 m/s
0.42181
Range for vy. 37.7m/s<v, <443 m/s 4
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20 mm —=| |-— PROBLEM 11-109

The nozzle at A discharges cooling water with an initial

T \ velocity vy at an angle of 6° with the horizontal onto a grinding

II/T—J::: ] wheel 350 mm in diameter. Determine the range of values of

y&s— " \ X i the initial velocity for which the water will land on the
' C };{aﬂ S grinding wheel between Points B and C.

f/
| L LRI
/
\ // 200 mm
).

SOLUTION
First note
L‘
(v )g =, cos 6° Rt
s oy
— : o ,
(vy)g ==V, 8in 6 205 mm /o o
l 25\
Horizontal motion. (Uniform) S 3;3
*
x=xy+ ()t 19S5 mm

Vertical motion. (Uniformly accelerated motion)
1 > 2
y=y,+ (vy)ot—ggt (g=9.81m/s")
At Point B: x=(0.175 m) sin 10°
v =(0.175 m) cos 10°
x: 0.1755in 10°=-0.020 + (v, cos 6°)¢

~0.050388
v, cos 6°

or

y: 0.175 cos 10° = 0.205 + (=v, sin 6°)z,, —%gté

Substituting for 7,

2
0032659 = (—v, sin 6°)| 2020388 |1 g gy 0050388
Vo cos6° ) 2 vy cos 6°
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PROBLEM 11.109 (Continued)

1(9.81)(0.050388)°
cos” 6°(0.032659 — 0.050388 tan 6°)

or vg =

or (vy)p =0.678 m/s

At Point C: x=(0.175 m) cos 30°
y=(0.175 m) sin 30°

x: 0.175 cos 30° = —0.020 + (v, cos 6°)¢

; _ 0.171554
v, cos 6°

or

y: 0.175sin 30° =0.205 + (-, sin 6°)z,. —% gte

Substituting for 7

2
~0.117500 = (—v, sin 6°) 0.171554 —1(9.81) 0.171554
Vo cos6° ) 2 vy cos 6°

1(9.81)(0.171554)°
cos® 6°(0.117500 — 0.171554 tan 6°)

or vg =

or (Vo) =1.211 m/s

0.678 m/s <v, <1.211 m/s 4
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PROBLEM 11.110

While holding one of its ends, a worker lobs a coil of rope over
the lowest limb of a tree. If he throws the rope with an initial
velocity vy at an angle of 65° with the horizontal, determine the
range of values of vy for which the rope will go over only the
lowest limb.

ey
e

3 m

SOLUTION
First note
(v,)o =V, cos 65° .
(vy)g = v sin 65° s T_sm
et
Horizontal motion. (Uniform) ,,’,,"' !;[
ri’l Sm
x=0+,),t v
9
AteitherBor C, x=5m I/"' l
s = (v €08 6515 M s *
5
or Ip.c

- (v, cos 65°)

Vertical motion. (Uniformly accelerated motion)
L, 2
y:O+(vy)0t—5gt (g=9.81m/s")
At the tree limbs, =1, -

5 1 5
=(v, 8in 65°)| —— |——g| ———
Y. =0 ) vy cos 65° ) 2 8 v, cos 65°
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PROBLEM 11.110 (Continued)
5 2(9.81)(25)
or Vo =5 O
cos” 65°(5 tan 65° — yp )
_ 686.566
5 tan 65° — yp
At Point B: Ve = _ 086.566 or (vy)p =10.95 m/s
5tan 65°—-5
At Point C: vy = __086:566 or (vo)e =11.93 m/s
5tan 65°—-5.9
10.95 m/s <v, <11.93 m/s 4
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PROBLEM 11.111

The pitcher in a softball game throws a ball with an initial velocity v, of 72 km/h at an angle o with the
horizontal. If the height of the ball at Point B is 0.68 m, determine (a) the angle ¢, (b) the angle € that the
velocity of the ball at Point B forms with the horizontal.

A

Bl

0.6 m 4 o |
| ¢ \ 4
iw ¥

TI?; P 0.68 m " t /
! 44

! 119;? 14 m ‘

SOLUTION
First note
Vo =72 km/h = 20 m/s
YNowe o8 ™
and (v,)g =V, cos & = (20 m/s) cos & A/-"‘ ~~B

(v,)o = v, sin & = (20 m/s) sin e S e

(a) Horizontal motion. (Uniform)

x=0+(v,) t=(20cos )t

7

At Point B: 14=(20cos )t or tgz=—-—
10 cos

Vertical motion. (Uniformly accelerated motion)
1 2 . 1 2 2
y =O+(vy)0t—5gt = (20 sin a)t—zgt (g=9.81m/s")
At Point B: 0.08 = (20 sin @)1, —% gts
Substituting for #,

2
0.08 = (20sin o)) —— |- L[ T
10 cos @ 2 (10cos

49

COS2 o

or 8=1400tan0!—%g

Now =sec’a=1+tan’ &

COS2 o
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PROBLEM 11.111 (Continued)
Then 8=1400 tan o —24.5g (1 + tan” @)
or 240.345 tan” o — 1400 tan ¢ +248.345 =0
Solving a=10.3786° and o =79.949°
Rejecting the second root because it is not physically reasonable, we have
=10.38° 4
(b)) Wehave v, =), =20cos
and v, =(v,)— gt =20sin o — gt
At Point B: (v,)p =20sin o — gty
= 20sino——5
Ocosx
Noting that at Point B, v, < 0, we have
I(v,)gl
né= 10y)s1
VX
7 .
_ T —20sin &
20cos &
_ 200 ani037me — Sin 10.3786°
cos 10.3786°
or 6=9.74° 4
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/\ PROBLEM 11.112

A model rocket is launched from Point A with an initial
/ \ velocity vy of 75 m/s. If the rocket’s descent parachute does
not deploy and the rocket lands a distance d = 100 m from
/\. : A, determine (a) the angle « that vy forms with the vertical,
(b) the maximum height above Point A reached by the

\ rocket, and (c¢) the duration of the flight.

SOLUTION
Set the origin at Point A. X =0, y,=0
Horizontal motion: X=Vytsin o sin = x (D
Vol
. . |
Vertical motion: Y =V,t cos 0{—5 gt
cosa:i(y+lgt2] @
Vot 2
1 1 ,Y
sin® o + cos® o = > x2+(y+—gt2) =1
(Vo?) 2
2, .2 2,1 a4 22
X" +y +gyt +th =yt
L aus (o2 2 22y
L= - )+ (v =0 (3)
At Point B, Jx? +y? =100 m, x=100cos30°m

y =—-100sin 30°=—50 m
i(9.81)2t4 —[75% = (9.81)(=50)]#* +100* =0

24.0590 t* —6115.5 > +10000 = 0

t2=25254s* and 1.6458s>
t=15.8916s and 1.2829 s
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PROBLEM 11.112 (Continued)

Restrictions on 0<a<120°
tan o = X - 100 cos 30 _=0.0729
y+38t°  —50+(4.905)(15.8916)

o =4.1669°

and 100cos 0" _ 5 0655
-50+(4.905)(1.2829)

o =115.8331°
Use a=4.1669° corresponding to the steeper possible trajectory.
(@) Angle a. a=4.17° 4

(b) Maximum height. v, =0 at  y=yu,

v, =V, cos o —gt=0

;_Yocosa
8
1 v cos” o
Vmax = Vol COS & —— gt = ————
2 2g

_(75)% cos® 4.1669°
T (2981

=285m 4

y max

(¢)  Duration of the flight. (time to reach B)
r=1589s 4
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PROBLEM 11.113

The initial velocity vy of a hockey puck is 105 mi/h. Determine (a) the largest value (less than 45°) of
the angle « for which the puck will enter the net, (b) the corresponding time required for the puck to reach
the net.

#(X
E
| 16 ft ! YT !
SOLUTION
First note v, =105 mi/h =154 ft/s ™
o
and (v,)o =V, cos a = (154 ft/s) cos 'l\é—_‘

(vy )o =V, sin = (154 ft/s) sin o

(@) Horizontal motion. (Uniform)

x=0+(v,),t =(154 cos a)t

At the front of the net, x=16 ft
Then 16 = (154 cos )t
8
Or tenler =
77 cos o

Vertical motion. (Uniformly accelerated motion)
|
y=0+ (vy)ot—Egt
. 1 5 2
= (154 sin o)t —Egt (g =322 ft/s”)

At the front of the net,

. 1 5,

Ytront = (1 54 sin 0!) tenter - 5 gtenter

2
= (154 sin &) L —lg L
77 cos & 2 (77cosa

32¢g

=16 tan o
5929 cos”

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

167



https://students-hub.com

PROBLEM 11.113 (Continued)

Now 3 =sec’a=1+tan’ o
cos” «
32g 2
Then =l6tanor———=—(+tan" o
Ytront 5929 ( )
2 5929 5929
or tan“ o ———tan ¢+ | 1+ ——y;00 |=0
2g 32¢g
5 12
| () -4 )|
Then tan & =
2
5 1/2
5929 5929 5929
or tmog=——=| — | — 1+—yfr0nt
4x32.2 4x%32.2 32x32.2
or tan o = 46.0326 +[(46.0326)* — (1+5.7541 y; .. )1"*

Now 0 <y <4 ft so that the positive root will yield values of & >45° for all values of Yon.
When the negative root is selected, &zincreases as ygop 1S increased. Therefore, for ¢, set

max °

Yeront = yC:4 ft

Then tan o = 46.0326 —[(46.0326)* — (1+5.7541+ 4)]"
or Ol = 14.6604° O = 14.66° 4
8
(b) We had found fopter = —————
77 cos
-8
77 cos 14.6604°
or ... =0.1074 s 4

enter
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PROBLEM 11.114

A worker uses high-pressure water to clean the inside of a long drainpipe. If the water is discharged with an
initial velocity vy of 11.5 m/s, determine (a) the distance d to the farthest Point B on the top of the pipe that the
worker can wash from his position at A, (b) the corresponding angle ¢.

! |
| d 1B

i A ;a 1.1 m

L

SOLUTION

First note (vy)o =V, cos &= (11.5 m/s) cos & y
(vy)o =V sin & =(11.5 m/s) sin &

By observation, d_,, occurs when Ymax = 1.1 m. A *

Vertical motion. (Uniformly accelerated motion)
[
v, =(vy)y— gt y=0+(vy)0t—5gt

=(115sina)—gt =(11.5sin a)t—%gtz

When Y=Ymx at B, (v,)p=0
Then (vy)B =0=(11.5sin ) — gt
or fy = LSO 681 mys?)
8
. 1 5,
and yp =(11.5sin o)ty _Eg[B

Substituting for ¢, and noting y, =1.1m

i . 2
1.1=(115sin a)[mﬂ]_lg(w}

=L a157sin*a
28

or sin? o =222 200 o =23.8265°
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PROBLEM 11.114 (Continued)

(a) Horizontal motion. (Uniform)

x=0+(,)yt=(11.5cos o)t

At Point B: x=d,, and t=t,
115 . o
where ty =——sin 23.8265°=0.47356 s
9.81
Then d . = (11.5)(cos 23.8265°)(0.47356)
or d =498 m <
(b)  From above a=23.8° 4
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PROBLEM 11.115

An oscillating garden sprinkler which
I : discharges water with an initial velocity
) 74 vy of 8 m/s is used to water a vegetable

\ \‘7 (il B AN Il garden. Determine the distance d to the
T SR VIO ALY AR SN A 3 farthest Point B that will be watered and
the corresponding angle « when (a) the
"‘— L.5m —-I vegetables are just beginning to grow,
| d | (b) the height & of the cornis 1.8 m.
SOLUTION
First note (v,)o =V, cos &= (8 m/s) cos &
(vy)g =V sin & = (8 m/s) sin & “
o
Horizontal motion. (Uniform) ./ 5
A
x=0+,)t =(8cos x)t
At Point B: x=d: d=(8cosa)t
P 8cos i

Vertical motion. (Uniformly accelerated motion)

1
y=0+(vy)0t—5gt2
. L 5, 2
=(8sm0{)t—5gt (§=9.81m/s")
At Point B: 0=(8sin o)ty —%gté

Simplifying and substituting for #,

0=8sina—lg _4
2 (8cosa

or d =ﬁsin 200 (D)
8

(@) When k=0, the water can follow any physically possible trajectory. It then follows from
Eq. (1) that d is maximum when 2¢ =90°

or a=45° 4
Then d =ﬁsin (2x45°)

9.81
or d, ..=652m 4
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PROBLEM 11.115 (Continued)

(b) Based on Eq. (1) and the results of Part a, it can be concluded that d increases in value as ¢ increases
in value from O to 45° and then d decreases as « is further increased. Thus, d,,, occurs for the value
of « closest to 45° and for which the water just passes over the first row of corn plants. At this row,
Xeom=1.5m

1.5

so that =
8cos o

corn

Also, with y_ . =h, we have
corn

h=(8sin )t —% gt

Substituting for ¢, and noting 7 =1.8 m,

2
1.8=(8sin ) L _lg L
8cos 2 | 8cos

mn

or 1.8=1.5tana—L5‘g;
128 cos” o
Now 3 =sec’a=1+tan’ &
cos”“
Then 1.8=1.5tan a—w(lﬁ-tanz o)
or 0.172441tan’ @ —1.5 tan @ +1.972441=0
Solving o =58.229° and o =81.965°

From the above discussion, it follows that d =d,,, when
a=582° 4
Finally, using Eq. (1)

d =" gin(2x58.229°)
9.81

or dpx =5.834 m 4
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PROBLEM 11.116*

A mountain climber plans to jump from A to B over a
crevasse. Determine the smallest value of the climber’s initial
velocity v, and the corresponding value of angle ¢ so that he
I lands at B.

l.4m

SOLUTION

First note (vy)o =V, cos 9

(vy)g =V sin & l/.-g;

Horizontal motion. (Uniform)

x=0+,)t=(v, cos o)t

At Point B: 1.8 = (v, cos o)t
1.8
or [B [ —
Vv, COS &

Vertical motion. (Uniformly accelerated motion)
1 >
y=0+ (vy)ot—agt

= (v, sin a)t—%gtz (g =9.81 m/s?)

At Point B: —1.4= (v, sin @)ty — % gty

Substituting for 7,

2
-1.4=(v, sin ) 18 —lg 18
voecosa ) 2\ v,cosa
or vg - 1.62¢
cos“ (1.8 tan ¢ +1.4)
1.62¢

0.9sin 20 +1.4 cos’ &
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PROBLEM 11.116* (Continued)
Now minimize v; with respect to ¢
2 .
We have d& —1.62¢ (1.8 cos 2 — 2.8 cos 02{ s.m2 ) —0
da (0.9sin 2 +1.4 cos” &)
or 1.8cos 2a—1.4sin 2a=0
or tan 20 = 18
14
or o =26.0625° and o =206.06°
Rejecting the second value because it is not physically possible, we have
o=26.1° 4
Finally, W2 = i 1.62x9.81
cos” 26.0625°(1.8 tan 26.0625° +1.4)
or (V) min = 2-94 m/s 4
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15 ft/s PROBLEM 11.117

The velocities of skiers A and B are
as shown. Determine the velocity of
A with respect to B.

SOLUTION

We have Vy=Vpt+ Vg

The graphical representation of this equation is then as shown.

Then v2 5 =307 + 45 — 2(30)(45) cos 15°
or Vg = 17.80450 ft/s
30 17.80450
and - =—
sine  sin15°
or o =25.8554°
o +25°=50.8554° Vv, =17.8 ft/s ™ 50.9° 4

Alternative solution.

Vap =Va—Vp
=30c0s10°i—30sin10°j— (45 cos 25°i —45° sin 25°j)
=11.2396i +13.8084 j

=5.05 m/s =17.8 ft/s ™ 50.9°
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PROBLEM 11.118

The three blocks shown move with constant velocities. Find the velocity of each
- block, knowing that the relative velocity of A with respect to C is 300 mm/s upward
CD and that the relative velocity of B with respect to A is 200 mm/s downward.

a8 B

86

SOLUTION
From the diagram
D U Cable 1: Y4 +yp = constant
y - ”” Then v, vy =0 )
U E«D Y y,  Cable2: (yg = ¥p)+(yc — yp) = constant
N Then vy +ve =20 =0 @)
. r‘; | F;‘\ F;;ﬂ Combining Egs. (1) and (2) to eliminate v,
|J J lJ 2v,+vp+v. =0 3)
Now Vae =V4 —Ve =—300 mm/s “4)
and Vga = Vg — Vv, =200 mm/s 5)
Then A+H-0)=

Qv +vp+ve)+ (v, —ve)—(vg—v,) =(=300) - (200)

or v, =125 mm/s | 4

and using Eq. (5) vp —(=125) =200

or vy =75 mn/s, 4
Eq. (4) 125 v, =-300

or Ve =175 mm/s, 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

176

STUDENTS-HUB.com


https://students-hub.com

STUDENTS-HUB.com

\

PROBLEM 11.119

N

% 65 Three seconds after automobile B passes through the intersection shown,
) automobile A passes through the same intersection. Knowing that the

S speed of each automobile is constant, determine (a) the relative velocity

of B with respect to A, (b) the change in position of B with respect to A

during a 4-s interval, (c) the distance between the two automobiles 2 s

/ ’
ME
=45 mi/h r =30 mi/h after A has passed through the intersection.

SOLUTION

'.Ug =
WWS ol

o= 8 1L
w"tﬂ/ /S/
o /
8 /fen

o

Vg =V TV

(@)
(b)

()

Relative velocity:

Change in position for At =4 s.

v, =45 mi/h =66 ft/s
v =30 mi/h = 44 fi/s
Law of cosines
V2, =667 +44% —2(66)(44) cos110°
Vi =90.99 ft/s

Law of sines

sinf _ sin110°
66 90.99
a=90°—- =90°-42.97°=47.03°

B =4297°

Vi =91.0ft/s 37 47.0° <

Argy =vg, At = (91.0 ft/s)(4 s) Iy, =364 ft 37 47.0° 4

Distance between autos 2 seconds after auto A has passed intersection.

Auto A travels for 2 s.

v, =66 ft/s A 20°

ry =v,t=(661t/s)(2s) =132 1t

r, =132 ft A7 20°
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PROBLEM 11.119 (Continued)

= £
Ya ’32’_,»’7 Auto B v, =44 fus|

Iy = vyt = (44 ft/s)(5s) = 220 ft,
Ip =T, + Ty
Law of cosines

r2, =(132)% +(220)% — 2(132)(220) cos 110°
Iy, =292.7 ft

Distance between autos = 293 ft 4
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PROBLEM 11.120

@ { & 8 ¢ Shore-based radar indicates that a ferry leaves its slip with a
3 "e 8° T e velocity v =18 km/h 37 70°, while instruments aboard the ferry
H indicate a speed of 18.4 km/h and a heading of 30° west of south
¢ H relative to the river. Determine the velocity of the river.

SOLUTION

We have Ve =Vept+Vpr OF Vp=Vpp+vp

The graphical representation of the second equation is then as shown.
We have vy =18 +18.4% — 2(18)(18.4) cos 10°
or Ve =3.1974 km/h

18 3.1974

and - ==
sina sin 10°

or o =717.84°
Noting that

v, =3.20 km/h =L 17.8° <

Alternatively one could use vector algebra.
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PROBLEM 11.121

Airplanes A and B are flying at the same altitude and are tracking the
eye of hurricane C. The relative velocity of C with respect to A
is v, =350 km/h 37 75°, and the relative velocity of C with respect
N  toBis v =400 km/h <t 40°. Determine (a) the relative velocity of
C B with respect to A, (b) the velocity of A if ground-based radar indicates
that the hurricane is moving at a speed of 30 km/h due north, (c) the
change in position of C with respect to B during a 15-min interval.

: \/ < v 4

&\
4
SOLUTION
"
(@) Wehave Ve =V4+Veu \ 4o°
75°
and Ve =Vp+ Ve
Yese /
Then Vot Vo=V +Vep ar Hoo km/h
= /A
or Ve~ Va=VYoa~Vos 350 kw/h
Now Vp—V,=Vgu
so that Veu =Vou = Vos
or Vou =Vas + Ve

The graphical representation of the last equation is then as shown.

We have Vi =350 +4007 —2(350)(400) cos 65°
or Vg4 =405.175 km/h

400  405.175
and =

sina  sin 65°
or o =63.474°
75°—ar=11.526° Vpa =405 km/h 27 11.53° 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

180

STUDENTS-HUB.com


https://students-hub.com

PROBLEM 11.121 (Continued)

(b)) Wehave Ve =V, + Ve,
or v, = (30 km/h)j— (350 km/h)(—cos 75°1 —sin 75°j)
v, =(90.587 km/h)i + (368.07 km/h) j
or v, =379 km/h «776.17° 4
(c)  Noting that the velocities of B and C are constant, we have
Iy =(rg)y + Vvt re =(rp)y + Vet
Now Yo =0 — T =[(xc) —(g)ol+ (Ve — V)t
=[(rc)y —(rp)o ]+ Vet

Then Argyp = (Xgp), = (Fgp)y, = Vep(t, —1) = VAt
For Ar=15 min: Argyp = (400 km/h)[ih) =100 km

Arg,, =100 km ~K 40° 4
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PROBLEM 11.122

Pin P moves at a constant speed of 150 mm/s in a counterclockwise sense along a
circular slot which has been milled in the slider block A shown. Knowing that the
block moves downward at a constant speed 100 mm/s determine the velocity of
pin P when (a) 8 =30°,(b) 6=120°.

30 mm

SOLUTION
Vp=Vat+Vpy
v, =100 ms (=J) +150(cos i + sin 8j)mm/s
(@) For 8=30° v, =—100 mm/s (j) +150(—cos(30°)i + sin(30°) j)mm/s
Vp = (=751 +29.9038 jymm/s
v, =80.7 mm/s *x.21.7° 4
(b) For 8=120° v, =—100 mm/s (j) +150(—cos(120°)i + sin(120°) j)mm/s
v, =(—129.9038i + —175j) mm/s
vp =218 mm/s ™ 53.4° 4

Alternative Solution

(@) For 6=30° v,, =7.5in/s N 30°
Vp =Va ¥V
Law of cosines

vi = (150)% + (100)* — 2(100)(150) cos 30°
vp =80.7418 mm/s Yy =
i 7

:}fn:
{00 MM/S

Law of sines '-somm/ s
sinf _ sin30°
150 80.7418

B=111.7°

vp =80.7 mm/s ™ 21.7° 4
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PROBLEM 11.122 (Continued)

(b)  For 8=120° vp, =150 mm/s ™ 30°
Law of cosines ?Pz.

vi = (150)% +(100)* — 2(100)(150) cos 120°
vp = 217.9449 mm/s

Law of sines

sinf _ sinl120°
150  217.9449
a=90-=90°-36.6=534°

Vy = 150 tam/s

B=36.6° Vo,

vp =218 mm/s ™ 53.4° 4
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— PROBLEM 11.123

Knowing that at the instant shown assembly A has a velocity of 9 in./s and an
acceleration of 15 in./s> both directed downward, determine () the velocity
of block B, (b) the acceleration of block B.

»
SOLUTION
Length of cable = constant
L=x, +2xg, =constant
Vu+2vg,=0 (1
a, +2ag, =0 ()
Data: a, =15in./s*,
v, =9in/s|
Eqgs. (1) and (2) a, =—2ag, Ve =2V
15=-2ay, 9="2vy,
g ==1.5 in/s? Vg =—4.5in./s
ag, =7.5in/s* ™ 40° Veu =—4.5in/s 2 40°
(a)  Velocity of B. V=V, +Vy,
Law of cosines: Vi =(9)% +(4.5)% —2(9)(4.5)cos 50°

vg =7.013 in./s
sin # _ sin 50°
45  17.013
o =90°— f#=90°-29.44° = 60.56°

Law of sines: S =29.44°

vy =7.0lin/s 77 60.6° 4
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PROBLEM 11.123 (Continued)

(b)  Acceleration of B. a; may be found by using analysis similar to that used above forv,. An alternate

method is
pramren /! ag=a, +ag,
=003 A a5 S8
% a, =15in/s* L +7.5 in./s* X 40° e
]
— ¢%, = —15j— (7.5 cos 40°)i + (7.5 sin 40°)j WA lo.1%3
s < — _15j—5.745i + 4.821j e
a, =—5.745i —10.179j
25 cos u‘_'
o a, =11.69 in/s? 7~ 60.6° 4
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PROBLEM 11.124

Knowing that at the instant shown block A has a velocity of 8 in./s and
an acceleration of 6 in./s> both directed down the incline, determine
(a) the velocity of block B, (b) the acceleration of block B.

SOLUTION

From the diagram
Then
or

and

or

(@) We have

We have

or
and

or

We have

or

is as follows.

2x, + xp,, = constant
2v, +vg, =0

[vg4l=16 in./s
2a, +ag, =0

| ag, | =12 in./s*

Note that v, and ag, must be parallel to the top surface of block A.

Vg =VatVpy

The graphical representation of this equation is then as shown. Note that because A is moving
downward, B must be moving upward relative to A.

vy =8 +16> —2(8)(16)cos 15°
vg =8.5278 in./s

8  8.5278
sina sin15°

o =14.05°
vy =8.53in./s ™ 54.1° 4

(b)  The same technique that was used to determine v, can be used to determinea,. An alternative method

ag =a, +ag,
=(61) +12(—cos 15° +sin 15°j)*
=—(5.5911 in./s®)i + (3.1058 in./s?)j

ay =6.40 in./s> ™ 54.1° <

* Note the orientation of the coordinate axes on the sketch of the system.
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PROBLEM 11.125

A boat is moving to the right with a constant deceleration of
0.3 m/s” when a boy standing on the deck D throws a ball with an
Sm initial velocity relative to the deck which is vertical. The ball rises
to a maximum height of 8 m above the release point and the boy
must step forward a distance d to catch it at the same height as the
release point. Determine (a) the distance d, (b) the relative velocity
of the ball with respect to the deck when the ball is caught.

- , P
D m_
— V|
SOLUTION
Horizontal motion of the ball: vi =)o Xpan = Vot
Vertical motion of the ball: vy, = (vy)o — &t

1
vp = 0)f =g’ ()7 = (0)f = 2gy
At maximum height, vy =0 and y =y,

()" = 28V = (DO.81)(8) =156.96 m’/s”
(vy)o = 12.528 mis

At time of catch, y=0=12528 - %(9.81)t2
or len = 25545 and v, =12.528 mjs)
Motion of the deck: V.= )ot apt,  Xgee = (W )of + %ath

Motion of the ball relative to the deck:
Vep)y = (Vo —[(v)g + apt] = —apt
1, 1,
xB/D = (vx)()t - (Vx)ol + EaDt = —EaD[

ep)y = (Vo = 8% Ypp = Vs

(@)  Attime of catch, d=xpg = —%(—0.3)(2.554)2 d=0.979 m 4
(b) (Vgp), = —(—0.3)(2.554) = +0.766 m/s  or 0.766 m/s —
(vgrp), = 12.528 ms | Voo = 12.55 mis < 86.5° 4
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\ -\ PROBLEM 11.126

SN \ The assembly of rod A and wedge B starts from rest and moves
to the right with a constant acceleration of 2 mm/s”. Determine
\ \ (a) the acceleration of wedge C, (b) the velocity of wedge C

"\,‘ |\ M when 1=10s.
.___c/“'. { A
i II"." B
\
\
SOLUTION
(@) Wehave a, =ag +agy

The graphical representation of this equation is then as shown.
First note a =180°—(20°+105°)
=55° o

a ) 2o
Then (CHN ¥ Oga2 2%
sin 20°  sin 55° swpres

a. =0.83506 mm/s*

a. =0.835 mm/s* ™ 75° 4

(b)  For uniformly accelerated motion

Ve =0+at
At 1=10s: ve =(0.83506 mm/s*)(10 s)
=8.3506 mm/s
or Ve =8.35 mm/s ™ 75° 4
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PROBLEM 11.127

Determine the required velocity of the belt B if the relative velocity
with which the sand hits belt B is to be (a) vertical, (b) as small as
possible.

SOLUTION

A grain of sand will undergo projectile motion.

v, =v, =constant=-5 ft/s
y-direction. v, =2gh = \/(2)(32.2 ft/s?)(3 ft) =13.90 ft/s |
Relative velocity. Vgp =Vg—Vp (1)

(@) If vy, is vertical,
—Vgpd =—51—13.9j— (v cos 15° + vg sin 15°j)
=-51-13.9j+ v cos 15° — v, sin 15°]

Equate components. i: 0=-5+vzcosl5° Vg =L=5.176 ft/s
cos 15°

vy =518 ft/s ™ 15° 4
(b) vy is as small as possible, so make vy, L tovginto (1).
—Vgp $in 151 —vgp cos 15°=—5i —13.9j+ v cos 15° — v sin 15°)
Equate components and transpose terms.

(sin 15°) vgp +(cos15°) vy =5
(cos 15°) vy —(sin 15°) vy =13.90

Solving, Vg =14.72 ft/s vy =1.232 ft/s
v, =1.232 fi/s ™ 15° <4
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PROBLEM 11.128

Conveyor belt A, which forms a 20°
angle with the horizontal, moves at
a constant speed of 4 ft/s and is
used to load an airplane. Knowing
that a worker tosses duffel bag B
with an initial velocity of 2.5 ft/s at
an angle of 30° with the horizontal,
determine the velocity of the bag
relative to the belt as it lands on the

belt.
SOLUTION
First determine the velocity of the bag as it lands on the belt. Now h‘l W),
[(v3), o = (v ) cs 30° o e
= (2.5 ft/s)cos 30° 158t | > o
[(vg)y o =(vg)osin 30° %
= (2.5 ft/s)sin 30°
Horizontal motion. (Uniform)
x=0+[(vg), 11 (), =g,y
=(2.5co0s 30°)¢ =2.5cos 30°

Vertical motion. (Uniformly accelerated motion)

2

1
y:yo'f'[(VB)y]ot_Egt (VB)yZ[(VB)y]o_gt

=1.5+(2.5sin 30%)¢ —% gt =2.55in30°— gt

The equation of the line collinear with the top surface of the belt is

y =x tan 20°

Thus, when the bag reaches the belt

1.5+ (2.5 sin 30°)¢ —%gt2 =[(2.5 cos 30°)¢]tan 20°

or %(32.2)1‘2 +2.5(cos 30° tan 20° —sin 30°)t —-1.5=0
or 16.1£> —0.46198t = 1.5=0
Solving t=031992s and r=-0.29122s (Reject)
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PROBLEM 11.128 (Continued)

The velocity v, of the bag as it lands on the belt is then

vy =(2.5c0s30°)i+[2.5sin 30°—-32.2(0.319 92)]j
=(2.1651 ft/s)i — (9.0514 ft/s)}

Finally V=V, + Vg,

or Va = (2.1651i —9.0514j) — 4(cos 20°i + sin 20°))
=—(1.59367 ft/s)i — (10.4195 ft/s)j

or Vpa =10.54 ft/s 77 81.3° 4
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PROBLEM 11.129
During a rainstorm the paths of the raindrops appear to form an angle of 30° with the vertical and to be directed
to the left when observed from a side window of a train moving at a speed of 15 km/h. A short time later, after
the speed of the train has increased to 24 km/h, the angle between the vertical and the paths of the drops
appears to be 45°. If the train were stopped, at what angle and with what velocity would the drops be observed
to fall?
SOLUTION
Viain = Virain + Vrain/train
Case @: vy =15km/h —;  ve,p f30°
Case @: vy =24km/h —;  vg,p f45°
o (V) = 24 4o/
l— (%), = 15 km/h
—_—
\
\
\
\
(Z&)ﬂ P .
% ¢
\
(%)
SR
Case @: (vg), tan30=15—(vg), (1)
Case @: (vg), tan45° =24 —(vg), (2)
Substract (1) from (2)  (vg), (tan45°—tan30°) =9
(vg), =21.294 km/h
Eq. (2): 21.294tan45°=25—(vg),
(vg), =2.706 km/h
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PROBLEM 11.129 (Continued)

3.706
tan =
A 21.294
B =17.24°
Vg _ 2o 21.47 km/h =5.96 m/s
c0s7.24°
Alternate solution
Alternate, vector equation Ve =Vr+ Ve
For first case, Vg =151 +vg,r_, (—=sin30°1 — cos 30°j)
For second case, Ve =24i+ vy, (—sin45°1 —cos 45°))

Set equal

Ve =5.96 m/s < 82.8° 4

151 + vg 7y (—sin 30° — cos 30°j) = 24i + vy, (—sin 45°1 — cos 45°j)

Separate into components:
i: 15— vgp_sin30° =24 — vy ., sin45°
—Vgyr—1 Sin30° +vp ., sin45°=9
iE —Vp/r1 €0830° ==V, cOs45°
Ver—1 €0830°+ vy, c0s45°=0
Solving Egs. (3) and (4) simultaneously,
Ver—y = 24.5885 km/h

Substitute v,,_, back into equation for v.
vy = 24i+30.1146(—sin 45° — cos45°j)

Ve =2.71i-21.29j

9 =tan'| 2122 | = _g2.7585°
2.71

3)

4

Vs =30.1146 km/h

v =21.4654 km/hr = 5.96 m/s

Ve =5.96 m/s < 82.8° 4
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PROBLEM 11.130

As observed from a ship moving due east at 9 km/h, the wind appears to blow from the south. After the ship
has changed course and speed, and as it is moving north at 6 km/h, the wind appears to blow from the
southwest. Assuming that the wind velocity is constant during the period of observation, determine the
magnitude and direction of the true wind velocity.

SOLUTION

+Vv

Vwind = Vship T Vwind/ship N
— W

Vw - Vs + Vw/s ’1 %6

il :

Case © ‘
71'-/‘ I—{f// 7 M‘ 449 =15hu/h

Vs =9 km/h -3 VW/ST ( /
Case @ "JB."
v,=6kmhT; v, /" AL L 7

!

tana=§=1.6667 J_L

-
a=59.0° ()= 4=/

v =+9%+15% =17.49 km/h

w

v, =17.49 km/h 7 59.0° <
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PROBLEM 11.131

When a small boat travels north at 5 km/h, a flag mounted on its
stern forms an angle @ =50° with the centerline of the boat as
shown. A short time later, when the boat travels east at 20 km/h,
angle @is again 50°. Determine the speed and the direction of the
wind.

SOLUTION

We have Vi =V + Vg

Using this equation, the two cases are then graphically represented as shown.

" (Wwig), LIES ON TS LINE
A [}./
0 \\ w‘j‘_‘ 20 i

bw
SSBZ

’ qu]‘\ LES O
A/ THVS ‘.\Nﬂ

Noting that
60 =180°—(50°+90° + o) ¢=180°-(50°+ r)
=40° -« =130°-«o
Vi 5 Vi 20

We have - =— : =
sin 50°  sin (40°— ) sin 50°  sin (130° — )
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PROBLEM 11.131 (Continued)

Therefore - > =— 20
sin (40°—-¢) sin (130°— )
or sin 130°cos & — cos 130°sin & = 4(sin 40°cos & — cos 40°sin &)
sin 130° — 4 sin 40°
or tan @ =
cos 130°—4 cos 40°
or o =25.964°
Then vy > sin 50 =15.79 km/h

" sin (40°— 25.964%)

vy =15.79 km/h T\ 26.0° 4
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PROBLEM 11.132

As part of a department store display, a
model train D runs on a slight incline
between the store’s up and down
escalators. When the train and shoppers
pass Point A, the train appears to a
shopper on the up escalator B to move
downward at an angle of 22° with the
horizontal, and to a shopper on the down
escalator C to move upward at an angle
of 23° with the horizontal and to travel
to the left. Knowing that the speed of the
escalators is 3 ft/s, determine the speed
and the direction of the train.

SOLUTION

We have Vp=Vp+Vpp

Vp =Ve +Vpe

The graphical representations of these equations are then as shown. WSy LES ON THS

3 3 UNE . 3
Then —2_=— D _ _ ’ K3
sin 8°  sin (22°+ ) sin 7°  sin (23°— ) s %
Zt -1
Equating the expressions for V?D §
3,

THIS LINE

sin 8° _ sin 7°
sin (22°+ ) sin (23°— )

or  sin 8°(sin 23°cos & —cos 23°sin &)

=sin 7°(sin 22°cos & + cos 22°sin &)

_sin 8sin 23° —sin 7° sin 22°

or tan o =

sin 8°cos 23°+sin 7°cos 22°
or o =2.0728°
Then 3sin 8 =1.024 ft/s

"D in (22°+ 2.0728°)
v, =1.024 ft/s ™ 2.07° 4
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PROBLEM 11.132 (Continued)

Alternate solution using components.

v =3 ft/s) « 30°=(2.5981 ft/s)i+ (1.5 ft/s)j
ve =3 ft/s) & 30°=(2.5981 ft/s)i— (1.5 ft/s)j
Vi = U 2 22°=—(u; cos 22°)i — (u; sin 22°)j
Voo =ty I 23°=—(u, cos 23°)i + (u, sin 23°)
Vp =Vp 2 o =—(v,cos @)i+ (v, sin @)j
Vp =Vp T Vpp =Ve+ Vpe
2.5981i +1.5j— (4, cos 22°)i — (u, sin 22°)j=2.5981i —1.5j— (u, cos 23°)i + (u, sin 23°)j
Separate into components, transpose, and change signs.
u, cos 22°—u, cos 23°=0
u, sin 22° +u, sin 23°=3
Solving for u, and u,, u, =3.9054 ft/s u, =3.9337 ft/s

v, =2.5981i +1.5j—(3.9054 cos 22°)i — (3.9054 sin 22°)j
=—(1.0229 ft/s)i + (0.0370 ft/s)j

or vV, =2.5981i —1.5j—(3.9337 cos 23°)i +(3.9337 sin 23°)j
=—(1.0229 ft/s)i + (0.0370 ft/s)j

vy, =1.024 ft/s ™ 2.07° 4
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PROBLEM 11.CQ8

The Ferris wheel is rotating with a constant angular velocity @. What is
the direction of the acceleration of Point A?

(@ —
® |
© |
d) ~—

(e) The acceleration is zero.

SOLUTION

The tangential acceleration is zero since the speed is constant, so there will only be normal acceleration
pointed upwards.

Answer: (b) 4
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PROBLEM 11.CQ9

A racecar travels around the track shown at a constant speed. At which point will the

% racecar have the largest acceleration?
X_J o
p (b) B
() C

(d) The acceleration will be zero at all the points.

SOLUTION

The tangential acceleration is zero since the speed is constant, so there will only be normal acceleration. The
normal acceleration will be maximum where the radius of curvature is a minimum, that is at Point A.

Answer: (a) 4
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PROBLEM 11.CQ10

A child walks across merry-go-round A with a constant speed u relative to A. The

(@ —
b) ~—
(©) T
@) |

(e) The acceleration is zero.

merry-go-round undergoes fixed axis rotation about its center with a constant
angular velocity ® counterclockwise.When the child is at the center of A, as
shown, what is the direction of his acceleration when viewed from above.

SOLUTION
Polar coordinates are most natural for this problem, that is,

i = (7 —rfe, + (16 + 2i6)e,

From the information given, we know 7 =0, 6= 0, r=0, 6= o, 7 =—u. When we substitute

these values into (1), we will only have a term in the —@ direction.

ey

Answer: (d) 4
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& 4 PROBLEM 11.133
SN
'\3\\ \:'f-._ Determine the smallest radius that should be used for a highway
X \-‘\\\' U if the normal component of the acceleration of a car traveling at
y ';\\_‘ X R 72 km/h is not to exceed 0.8 m/s>.
. B & \-
"‘%’-/_;
SOLUTION
2
a,="—  a,=08ms’
P
v="T72 km/h =20 m/s
2
0.8 mys? = 20" =500 m 4
P
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PROBLEM 11.134

Determine the maximum speed that the cars of the roller-coaster
can reach along the circular portion AB of the track if p is 25 m
and the normal component of their acceleration cannot exceed 3 g.

SOLUTION
We have a, = ﬁ
P
Then (Vo )ap = (3%9.81 m/s?)(25 m)
or Vimax ) ag =27.124 m/s
or Vo) ap = 97.6 km/h <
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\ PROBLEM 11.135
A-f;ﬂ/m— - ull-roarer is a piece of wood that produces a roaring sound when attached to the
(’ //) A bull p f d that prod g d wh hed to th
S 4 e‘-_(’ end of a string and whirled around in a circle. Determine the magnitude of the
@ v normal acceleration of a bull-roarer when it is spun in a circle of radius 0.9 m at
¥y a speed of 20 m/s.
i L
SOLUTION
2 2
o =2 COMST a4
P 0.9 m
a, =444 m/s> 4
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PROBLEM 11.136

To test its performance, an automobile is driven around a circular test track of diameter d. Determine (a) the
value of d if when the speed of the automobile is 45 mi/h, the normal component of the acceleration
is 11ft/s*, (b) the speed of the automobile if d =600ft and the normal component of the acceleration is

measured to be 0.6 g.

SOLUTION
(a) First note v =45 mi/h = 66 ft/s
2
Now a, =Y d o
P f"e_
2
_ (66 fUs)” ft/s; =396 ft
11 ft/s
d=2p d=792 ft 4
2
(b) We have a,=—
P
Then v? =(0.6x32.2 ft/sz)(%x600 ft)
v=76.131 ft/s
v=51.9 mi/h 4
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— PROBLEM 11.137

An outdoor track is 420 ft in diameter. A runner increases her speed at a constant
' rate from 14 to 24 ft/s over a distance of 95 ft. Determine the magnitude of the total
X\ acceleration of the runner 2 s after she begins to increase her speed.

SOLUTION

We have uniformly accelerated motion

v =vi +2a,As,,

Substituting (24 ft/s)* = (14 ft/s)* +2a, (95 ft)
or a, =2 ft/s’
Also v=y +a,t
Att=2s: y=14 ft/s+ (2 ft/s*)(2 s) =18 ft/s
Now a, = ﬁ

P
Att=2s: a, =M:1.54286 ft/s®

210 ft

Finally a’ = ar2 + aj
Att=2s: a® =2 +1.54286
or a=2.53ft/s* 4
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/,,-\-—-—u ” PROBLEM 11.138
05w (l;} \\\

\ ,
\ Y \

A robot arm moves so that P travels in a circle about Point B, which is not
. moving. Knowing that P starts from rest, and its speed increases at a constant
rate of 10 mm/s®, determine (a) the magnitude of the acceleration when t =4 s,
(b) the time for the magnitude of the acceleration to be 80 mm/s.

SOLUTION
Tangential acceleration: a, =10 mm/s*
Speed: v=at
2 2.2
Normal acceleration: a, = L
p P
where £ =0.8 m=800 mm

(@) When t=4s v =(10)(4) =40 mm/s

Acceleration:

(b) Time when a =80 mm/s’

612 = a,f + atz
2
2.2
0P =| UV g2
800

~

4

=403200 s*

a=10.20 mm/s*> <

r=252s 4
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PROBLEM 11.139

A monorail train starts from rest on a curve of radius 400 m and accelerates at the constant rate a,. If the
maximum total acceleration of the train must not exceed 1.5 m/s®, determine (a) the shortest distance in
which the train can reach a speed of 72 kmv/h, (b) the corresponding constant rate of acceleration a,.

SOLUTION
When v =72 km/h =20 m/s and p =400 m,

v (20)°
a,=—=—"-
p 400

But a=.a> +a’

a, =Ja® —a? =\(1.5) = (1.000)* =+1.11803 m/s>

=1.000 m/s*

Since the train is accelerating, reject the negative value.

(a) Distance to reach the speed.

vy =0
Let X, =0

2_ 2 -
vy =vy +2a,(x — x,) =2a,x,

2 2
UL S C) % =1789m <
2a,  (2)(1.11803)

(b) Corresponding tangential acceleration.

a,=1.118 m/s* 4
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PROBLEM 11.140

A motorist starts from rest at Point A on a circular entrance ramp when
t = 0, increases the speed of her automobile at a constant rate and
enters the highway at Point B. Knowing that her speed continues to
increase at the same rate until it reaches 100 km/h at Point C,
determine (a) the speed at Point B, (b) the magnitude of the total
acceleration when =20 s.

SOLUTION

Speeds:

Distance:

Tangential component of acceleration: v12

At Point B,

i - (27782 -0

Vg =0 v, = 100 km/h = 27.78 m/s

s = %(150) +100 = 335.6m

2
vy + 2a,s

= 1.1495 m/s>

2s (2)(335.6)

V2 +2as,  where sy = %(150) = 235.6m

vi = 0+ (2)(1.1495)(235.6) = 541.69 m?/s*

(a) Att=20s,

23.27 m/s vp = 83.8 km/h «

=v, +at =0+ (1.1495)(20) = 22.99 m/s

Since v < v, the car is still on the curve. p =150m
2 2
Normal component of acceleration: a, = v _ 229y 3.524 m/s?
y 150
(b)  Magnitude of total acceleration: lal = \/a,2 + a,% = \/(1.1495)2 +(3.524)? lal = 3.71 m/s* <
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PROBLEM 11.141
T 0 kmh A
e
/ﬁ Racecar A is traveling on a straight portion of the track while racecar B is
_ 50°. traveling on a circular portion of the track. At the instant shown, the
M,X speed of A is increasing at the rate of 10 m/s>, and the speed of B is
9'“’i'klnﬂl ’ decreasing at the rate of 6 my/s”. For the position shown, determine (a) the
velocity of B relative to A, (b) the acceleration of B relative to A.
SOLUTION
Speeds: v, =240 km/h = 66.67 m/s
vg =200 km/h =55.56 m/s
Velocities: v, =606.67 m/s ~—
vy =55.56 m/s ,750°
(a) Relative velocity: Vpu =Vg —Vy
Vg = (55.56c0850°) <+ 55.565in50° | + 66.67 —
=30.96 — +42.56,
=52.63 m/s = 53.96°
V4 =189.5 km/h ~54.0° <
Tangential accelerations: (a,), =10 m/s* ~—
(ay), = 6 m/s> 4750°
2
Normal accelerations: a, =—
P
Car A: (p=o0) (@), =0
CarB: (p=300m)
2
(a), =290 _ 10988 (ay), =10.288 m/s><40°
300
(b)  Acceleration of B relative to A: ag, =a; —a,
ag, =(ag), +(ag), —(a,), —(a,),
=6 450°+10.288,40°+10—>+0
= (6c0s50°+10.288c0s40° +10) —
+ (6sin50° —10.2885in 40°) T
=21.738 > +2.017| ay, =21.8 m/s* 5.3° 4
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| ie— PROBLEM 11.142

A
@«:{r—-— ~~~~~~ b At a given instant in an airplane race, airplane A is flying
| 450 kavh 7\“ B horizontally in a straight line, and its speed is being increased
7 at the rate of 8 m/s”>. Airplane B is flying at the same altitude
as airplane A and, as it rounds a pylon, is following a circular

M 1,\ path of 300-m radius. Knowing that at the given instant the
= / speed of B is being decreased at the rate of 3 m/s®, determine,

,/ 540kl for the positions shown, (a) the velocity of B relative to A,
o (b) the acceleration of B relative to A.
/
SOLUTION
First note v, =450 km/h v, =540 km/h =150 m/s
(@) Wehave V=V, +Vp,

The graphical representation of this equation is then as shown.

We have Vi = 4507 +540° - 2(450)(540) cos 60°

Vg =501.10 km/h

540 501.10
and =
sin  sin60°
o =68.9°
Vg =501 km/h 27 68.9° 4
(b)  First note a,=8m/s’— (a), =3 m/s> ™ 60°
2 2
1%
Now (ay), =21 = (150 m/s)
Pg 300 m
(ap), =75 m/s* 27 30°
Then a; =(ap), +(ap),
=3(—co0s60° i +sin 60°j) + 75(—cos 30° i — sin 30°j)
= —(66.452 m/s%)i — (34.902 m/s?)j
Finally a,=a, +ay,

a,, = (—66.452i —34.902j) — (8i)
= —(74.452 m/s%)i — (34.902 m/s?)j

ag, =822 m/s*.725.1° 4
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PROBLEM 11.143

From a photograph of a homeowner using a snowblower, it
is determined that the radius of curvature of the trajectory of
the snow was 30 ft as the snow left the discharge chute at A.
Determine (a) the discharge velocity v, of the snow, (b) the
radius of curvature of the trajectory at its maximum height.

SOLUTION

(a) The acceleration vector is 32.2 ft/s |.

At Point A, tangential and normal components of a are as shown
in the sketch.

acos40° = 32.2cos40° = 24.67 fi/s>

A ~.
50
X v = p,lay), = (30)(24.67) = 740.0 ft*/s*
. v, =27.21ftUs £ 40° 4
Ho
Ay, v, = 27.20c0s40° = 20.84 ft/s
(b) At maximum height, v =v, = 20.84ft/s

a, = g = 32.2ft/s?,

Q
Il

Vv (20.84)°
a 322

n

p =13.48ft 4
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g PROBLEM 11.144
\ /
\ ; ;{ A basketball is bounced on the ground at Point A and rebounds with a velocity v, of
T‘ /50 magnitude 2.5 m/s as shown. Determine the radius of curvature of the trajectory
\f described by the ball (a) at Point A, (b) at the highest point of the trajectory.
SOLUTION
2
(@ Wehave  (aq,), =-4
- 2 ~< Mg = ('*."'-h)n !
v or _ (25mss)
“&/ (k= 0y 0-9) A7 (9.81 m/s?) sin 15°
/
& or p,=246m 4
{ %
A lmm! "*‘--..gn \)2
! (b) We have (ag), =—2
J’ B
- A where Point B is the highest point of the trajectory, so that
/
! .
gﬁi-gi vg=(,),=v,sin15°
. 012
Then py = EI WSS _ 0457 1
9.81m/s
or pp =427 mm <4
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PROBLEM 11.145

A golfer hits a golf ball from Point A with an initial velocity of 50 m/s
at an angle of 25° with the horizontal. Determine the radius of curvature
of the trajectory described by the ball (a) at Point A, (b) at the highest
point of the trajectory.

SOLUTION
8
_,__..---]———-._ e e (),
v =
(@)  Wehave (ay), = —i (@8)+ Qe ~-a)
(50 m/s)
or Pa= 2
(9.81 m/s”)cos 25°
or p,=281m 4
2
(b) We have (ag), =-£
Ps

where Point B is the highest point of the trajectory, so that
Vg =(v,), =v,cos25°
_ [(50 m/s) cos 25°°
9.81 m/s’
or Pp=209m «

Then Ps
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PROBLEM 11.146

gl

t ja——  Three children are throwing snowballs at each other. Child A

~ " throws a snowball with a horizontal velocity v,. If the snowball

| . : just passes over the head of child B and hits child C, determine

L Tin- [T the radius of curvature of the trajectory described by the snowball
(a) at Point B, (b) at Point C.

SOLUTION

The motion is projectile motion. Place the origin at Point A.
Horizontal motion: V.=V, X=Vyt

Vertical motion: Yo =0, (vy) =0

_ _ L5
v, =—gt y——agf
2h . . .
t= |—, where £ is the vertical distance fallen.
8

lvl=42gh

Speed: vi=vi+ vi =v; +2gh
Direction of velocity. Vo —
e ”~
cosf = i) ‘ 23 W
v s

Direction of normal acceleration.

8 _ v
voop

a, =gcosf =

Radius of curvature: p= Y
&%
At Point B, hy=1m; xz=7m
) TR,
9.81 m/s
Xg 7m
Xg =Vt vy =—=———=15.504 m/s
tp 0451525

v =(15.504) +(2)(9.81)(1) = 259.97 m*/s*
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PROBLEM 11.146 (Continued)

(a) Radius of curvature at Point B.

(259.97 m?/s*)*?

= =27.6m <
? T (9.81 m/s?)(15.504 m/s) Ps
At Point C he=1Im+2m=3m
ve =(15.504)% +(2)(9.81)(3) =299.23 m* /s
(b)  Radius of curvature at Point C.
2 7.2N\32
y (299.23 m?/s?) e =340m 4

- (9.81 m/s?)(15.504 m/s)
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PROBLEM 11.147

Coal is discharged from the tailgate A of a dump truck with an
initial velocity v, =2 m/s .7 50°. Determine the radius of
curvature of the trajectory described by the coal (a) at Point A,

(b) at the point of the trajectory 1 m below Point A.

SOLUTION

%

%)
b

(O,

(Celt

M.6
(OE A

(a) AtPointA. a, = g, =9.81m/is?,
Sketch tangential and normal components of acceleration at A.

(ay), = gcos50°

_ VAZ _ (2)2
(ay), 9.81cos50°

o ps=0.634m 4

(b) At Point B, 1 meter below Point A.

Horizontal motion: (vg), = (v4), = 2cos50° = 1.286 m/s ~—

Vertical motion: (VB)i = (VA)i +2a,(yp — ya)

= (2¢0840°)% + (2)(=9.81)(-1)
= 21.97 m?/s®

(vp)y = 4.687 m/s |

tanﬂzwzﬂ, 0 = 74.6°
(vg), 1.286
ag = gcos74.6°
by - vl )T+ ()}
i (ag), g cos74.6°
2
_ (1.286)° + 21.97 py =9.07m 4

9.81cos74.6°
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B PROBLEM 11.148
L ]
From measurements of a photograph, it has been found
that as the stream of water shown left the nozzle at A,
it had a radius of curvature of 25 m. Determine (a) the
% 3 initial velocity v, of the stream, (b) the radius of
M 4 curvature of the stream as it reaches its maximum
height at B.
SOLUTION
2
(@) We have (a,), =—2
A
2 |4 2
or vy = g(9.81 m/s”) (25 m) Q)
or v, =14.0071 m/s
v, =14.01 m/s =~ 36.9° 4
2
(b)) Wehave (ag), =2
Pp
4
Where Vg =(vA)X=§vA
4 2
- ($x14.0071 m/s)
en =
Ps 9.81 m/s>
or pp=1280m <«
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PROBLEM 11.149

A child throws a ball from Point A with an initial velocity v, of
20 m/s at an angle of 25° with the horizontal. Determine the
velocity of the ball at the points of the trajectory described by the
ball where the radius of curvature is equal to three-quarters of its
value at A.

SOLUTION

Assume that Points B and C are the points of interest, where y; = y- and vy =v,.

2

Now (a,), =4
A
2 -~
Va
or =
Pa g cos 25°
3 30
Then =— =— A
Pr=4Pa 4 g cos 25°
2
We have (ap), =2
B
where (ag), =gcosl
2 2
so that 3 Va V%
4 gcos25° gcosd
or 2 3 cos@ , (1)

Vv =— %
B 4 cos25° A

Noting that the horizontal motion is uniform, we have

(VA)X :(VB)x

where (v4), =V, €c0s25° (vg), =vgzcosd
Then v, €0s 25° = v cos @

Va o
or cos @ =—cos25

VB
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PROBLEM 11.149 (Continued)
Substituting for cosé in Eq. (1), we have
2
Vi _3[ 4 coen50 | YA
4\ vy cos25°
3
or vy =Zvi
3
vg =3—v, =18.17 m/s
4
cosf@= i/gcos 25°
0=14.04° vy =18.17 m/s 7 4.04° 4
and vy =18.17 m/s Y 4.04° 4
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| 5 | PROBLEM 11.150

1 A projectile is fired from Point A with an
initial velocity v,,. (@) Show that the radius
Punin VAN of curvature of the trajectory of the
i \ a / projectile reaches its minimum value at
: ! the highest Point B of the trajectory.
(b) Denoting by @ the angle formed by
the trajectory and the horizontal at a given
4 Point C, show that the radius of curvature
of the trajectory at Cis p = p,;,/cos’ 6.

SOLUTION

For the arbitrary Point C, we have

2 wrs® 2. P
(aC)nz_C 1 5o ,"l ®

pc - tg&‘n ( “'Q
A| iui lg‘l—&é Qe ‘

2 ~d
172 ’L Ge=-3)
gcos@
Noting that the horizontal motion is uniform, we have

Va)y =),y

where (V4), =Vycosax (ve), =vocosd
Then Vy COS & = V- cos @
or cos
Ve = v
c 0
cosd
2 22
1 coso Vo COs”™
so that Pc = 0 | =
3
gcos@\ cosé gcos’ 6

(a) Inthe expression for p., v,, &, and g are constants, so that p is minimum where cos@ is
maximum. By observation, this occurs at Point B where 8 =0.

2 .2
vy COS”
Pmin = Pp = e QED 4
8
1 v2cos’a
() = .
Pe cos® 6 g
p .
= —mn_ .E.D. |
Pc cos® 6 Q
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R* +¢?
20,R

PROBLEM 11.151*
Determine the radius of curvature of the path described by the particle of Problem 11.95 when ¢ =0.
PROBLEM 11.95 The three-dimensional motion of a particle is defined by the position vector
r = (Rt cos @i + ctj + (Rt sin w,t)k. Determine the magnitudes of the velocity and acceleration of the
particle. (The space curve described by the particle is a conic helix.)
SOLUTION
We have V= % = R(cosw,t — w,tsinw,1)i + cj + R(sinw,t + @,tcos w,t)k
t
dv . . 2 .
and a=7= R(—a)n sin @,t — @, sin @,t — w;t cos a)nt)l
t
+ R(a)n CoS @t + @, cos @t — -t sin a)nt)k
or a=a,R[-(2sin ot + w,t cos W,1)i+ (2cos @,t — @, sin w,1)K]
Now v? = R*(cos @, — @, sin @,1)* +c* + R*(sin w,t + a,t cos @,1)°
=R’ (1+ a)ft2)+c2
12
Then v:[R2(1+a)3t2)+c2}
dv R}t
and —= 7
d [RZ (1+ @)+ cz}
2 2 2
Now a2:a3+a3:(ﬂ] + v_
dt P
At t=0: _ 0
dt
a=w,R(2k) or a=2w,R
v =R*+¢?
Then, with ﬂ =0,
dt
2
we have a=—
0
2, 2
or anR = Ri
P
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PROBLEM 11.152*

Determine the radius of curvature of the path described by the particle of Problem 11.96 when =0, A=3,
and B=1.

SOLUTION
With A=3, B=1
we have r=(3tcost)i+(3 t2+1)j+(tsint)k
N dr 3 in )i 3t i + (si K
ow v=—=3(cost —tsint)i+| ——=—— |j+ (sint + tcost
dr it +1 ]

2 _r
and a=§=3(—sint—sint—tcost)i+3 V! +1_t(\/r2+lj j
t

F+1
+ (cost + cost — tsint)k
1
=—-3(2sint+tcost)i+3————j
2 +1)"2
+ (2cost —tsint)k
2
. t .
Then v2 =9(cosz—tsint)’ +9 5 1—i-(smt—i—tcost)2
1+

Expanding and simplifying yields

v  =1* +19¢% +1+8(cos® 1+ 1* sin® 1) — 8(° + 1) sin 2¢

Then v=[t* +19¢% + 1+ 8(cos” 7 + 1* sin? t)— 8(1‘3 +1)sin 2¢]"?
ond dv _ 4 + 381 +8(=2costsint +4’sin’ £ + 2¢*sint cos 1) = 8[(3r> + 1) sin 2¢ + 2(” + 1) cos 21]
dt 20t* +191> +1+8(cos® t +1* sin® ) — 8(¢> +1)sin 2¢]"*
2 2 2
Now a2=af+a§=(ﬂ) + L
dt o
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PROBLEM 11.152* (Continued)

Atr=0: a=3j+ 2k
or a =13 ft/s*
L
dt

v2 =9 (ft/s)?

dv
Then, with — =0,
dt
2
14
we have a=—
Yo
2,2
or pZ% p=250ft 4
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PROBLEM 11.153

A satellite will travel indefinitely in a circular orbit around a planet if the normal component of the
acceleration of the satellite is equal to g(R/r)*, where g is the acceleration of gravity at the surface of the
planet, R is the radius of the planet, and r is the distance from the center of the planet to the satellite. Knowing
that the diameter of the sun is 1.39 Gm and that the acceleration of gravity at its surface is 274 m/s?,
determine the radius of the orbit of the indicated planet around the sun assuming that the orbit is circular.

Earth: (v can)orbic = 107 Mm/h.
SOLUTION
For the sun, g =274 m/s2,
1 1 9 9
and R=5D= 3 (1.39x10°) = 0.695 x 10" m
. gR2 . . v?
Given thata, = =—— and that for a circular orbit a, = —
r r
gk’
Eliminating a, and solving for r, r=-°"=
%
For the planet Earth, v =107 x10°m/h = 29.72 x 10° m/s
942
Then r= (2740695 107)” _ 149.8 x10° m r =149.8 Gm <«

(29.72 x 10*)?
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PROBLEM 11.154
A satellite will travel indefinitely in a circular orbit around a planet if the normal component of the
acceleration of the satellite is equal to g(R/r)*>, where g is the acceleration of gravity at the surface of the
planet, R is the radius of the planet, and r is the distance from the center of the planet to the satellite. Knowing
that the diameter of the sun is 1.39 Gm and that the acceleration of gravity at its surface is 274 m/s?,
determine the radius of the orbit of the indicated planet around the sun assuming that the orbit is circular.
Saturn: (Vpean domic = 34-7 Mm/h.
SOLUTION
For the sun, g =274 m/s>
1 1 9 9

and R:ED: 5 (1.39x10%) = 0.695 x10" m

. ng . . y?
Given thata, = =——.and that for a circular orbit: a, = —

r r
gR?
Eliminating a, and solving for r, ===
v
For the planet Saturn, v =347 x 10°m/h = 9.639 x 10> m/s
942
Then, r= (274)(0.695 ng ) _ 1.425x 10 m r =1425Gm <«
(9.639 x10°)
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PROBLEM 11.155

Determine the speed of a satellite relative to the indicated planet if the satellite is to travel indefinitely in a
circular orbit 100 mi above the surface of the planet. (See information given in Problems 11.153-11.154).

Venus: g = 29.20 ft/s?>, R = 3761 mi.

SOLUTION
gR’
From Problems 11.153 and 11.154, a, = =——
’
)2
For a circular orbit, a, = —
r
Eliminating a, and solving for v, y=R|E
r
For Venus, g = 29.20 ft/s’

R = 3761 mi = 19.858 x 10° ft.

r =3761+100 = 3861 mi = 20.386 x 10° ft

Then, v =19.858x10° /L% = 23.766 x 10° fi/s
20.386 10

v = 16200 mi/h 4
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PROBLEM 11.156

Determine the speed of a satellite relative to the indicated planet if the satellite is to travel indefinitely in a
circular orbit 100 mi above the surface of the planet. (See information given in Problems 11.153—-11.154).

Mars: g = 12.17 ft/s>, R = 2102 mi.

SOLUTION
gR?
From Problems 11.153 and 11.154, a, = -
’
)
For a circular orbit, a, =—
B
Eliminating a,, and solving for v, v=R]|E
r
For Mars, g = 12.17 fu/s*

R = 2102 mi = 11.0986 x 10° ft

r=2102 + 100 = 2202 mi = 11.6266 x 10° ft

Then, v =11.0986x 10° /12'—176 = 11.35x 10’ fu/s
11.6266 x 10

v = 7740 mi/h 4
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PROBLEM 11.157
Determine the speed of a satellite relative to the indicated planet if the satellite is to travel indefinitely in a
circular orbit 100 mi above the surface of the planet. (See information given in Problems 11.153—-11.154).
Jupiter: g = 75.35ft/s*>, R = 44,432 mi.
SOLUTION
gk’
From Problems 11.153 and 11.154, a, 5
,
2
For a circular orbit, a, =—
r
Eliminating a, and solving for v, V= R\/g
r
For Jupiter, g = 75.35 ft/s?
R = 44432 mi = 234.60 x 10° ft
r = 44432 +100 = 44532 mi = 235.13 x 10° ft
Then, v = (234.60 x 10%) LSG =132.8 x10* ft/s
235.13x10
v = 90600 mi/h 4
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PROBLEM 11.158

A satellite is traveling in a circular orbit around Mars at an altitude of 300 km. After the altitude of the satellite
is adjusted, it is found that the time of one orbit has increased by 10 percent. Knowing that the radius of Mars
is 3382 km, determine the new altitude of the satellite. (See information given in Problems 11.153—-11.155.)

SOLUTION
2 2
We have a, = R_2 and a, Y
r r
2 2
Then R—2 =
r r

v=R\/g where r=R+h
r

The circumference s of a circular orbit is equal to

s=2rr

Assuming that the speed of the satellite in each orbit is constant, we have

§= Vtorbil
Substituting for s and v
2rr = R\/g ?orbit
r
2 2
Lorbic = ?ﬁ
_ 2z R+
R Jg
Now (Forpit )2 = 1 1(orpi )1

27 (R+hy)™ . 12_7r(R+h1)3’2
R Jg R g
hy=1.1D*(R+h)-R
= (1.1)* (3382 +300) km — (3382 km)
h, =542 km 4
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PROBLEM 11.159

Knowing that the radius of the earth is 6370 km, determine the time of one orbit of the Hubble Space
Telescope, knowing that the telescope travels in a circular orbit 590 km above the surface of the earth.
(See information given in Problems 11.153-11.155.)

SOLUTION
2 2
We have a,=¢g— and a, =—
n=8 1’2 n r HsT
R* V? \ %
Then —=— %
r r
or v=R\/g where r=R+h
r
The circumference s of the circular orbit is equal to
s=2xr
Assuming that the speed of the telescope is constant, we have
§= Vtorbit
Substituting for s and v
2mr = R\/g torbit
’
27 r?
or lovit = 77—
R s
27 [(6370+590) km]"? o 1h
6370 km [9.81x107 km/s*]"> 3600 s
or fope =1.606h <
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PROBLEM 11.160

Satellites A and B are traveling in the same plane in circular orbits around
the earth at altitudes of 120 and 200 mi, respectively. If at 1=0 the
satellites are aligned as shown and knowing that the radius of the earth is
R =3960 mi, determine when the satellites will next be radially aligned.
(See information given in Problems 11.153-11.155.)

SOLUTION
2 2
We have a,=¢— and a,=—
’

R? 2
Then — = Y or v=R g

r r r
where r=R+h
The circumference s of a circular orbit is
equal to s=27xr

Assuming that the speeds of the satellites are constant, we have
s=vT

Substituting for s and v

27wr=R.|ET
r

_2_”’,3/2_2” (R+h)3/2
R J¢g R ¢

Now hy >hy = (T)y>(T),

or T

Next let time 7 be the time at which the satellites are next radially aligned. Then, if in time 7. satellite B
completes N orbits, satellite A must complete (N +1) orbits.

Thus,
To=NT)y=(N+1)T),

27 (R+hy)"?

® e

Rk

=(N+1)
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or

Then

or

Alternative solution

PROBLEM 11.160 (Continued)

B (R+h,)"? B 1
(R+hB)3/2 —(R+hA)3/2 (R+h3 )3/2 .
R+hy
= ;3/2 =33.835 orbits
3960+200
( 3960+120) -

TCZN(T)BZN?

3/2

3960 + 200) mi
—33.835 3%2(’)[ it ) mi] _x 361012)
1 mi
(322 05 x gy | s

T.=512h 4

From above, we have (T'); > (T),. Thus, when the satellites are next radially aligned, the angles 8, and 6,
swept out by radial lines drawn to the satellites must differ by 2. That is,

For a circular orbit

From above

Then

At time T:

or

or

0,=6,+2rx

s=r@

s=vt and v=R\/g
’

9:%221(,{\/% :RJ?,_ R(g

ror P2 B (R+ h)3/2

Rg Rg

T.= T-+2x
(R+h)" ¢ (R+hy)? €

27

1 _ 1
R@[Myz (m,,ﬂ)m}

2

T, =

- . 20 1mi \?
(3960 ml)(32-2 ft/s™ X 550 ft)
1

X

1 —
[(3960 +120) mi]"?

1h
3600 s

1
[(3960 + 200) mi]"?

X

T.=512h 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

233



https://students-hub.com

PROBLEM 11.161

The oscillation of rod OA about O is defined by the relation 8 = (3/7)(sin t),
where @and ¢ are expressed in radians and seconds, respectively. Collar B slides
along the rod so that its distance from O is r = 6(1 — e )where r and ¢
are expressed in inches and seconds, respectively. When ¢ = 1 s, determine (a) the
velocity of the collar, (b) the acceleration of the collar, (¢) the acceleration of the
collar relative to the rod.

SOLUTION
Calculate the derivatives with respect to time.
r=6-—6ein. ¢9=%sinm rad
i =12¢ in/s 0 =3cosxt rad/s
¥ =—24e in/s’ 6 = =37 sin 71t rad/s’
Atr=1s,
r=6-6e =5.1880 in. 6’=%sin7r=0
F=12¢72 =1.6240 in/s 6 =3cos =3 rad/s

i=-24¢2=-32480in/s> @=-3zsinz=0

(@)  Velocity of the collar.

v=re, +rfe, =1.6240 ¢, +(5.1880)(=3)e,
v=(1.624 in/s)e, +(15.56 in/s)e, 4

(b)  Acceleration of the collar.

a=(i-r0%)e, +(r6 +2i0e,
=[-3.2480— (5.1880)(=3)Je, + (5.1880)(0) + (2)(1.6240)(-3)]e,

(—49.9 in/s*)e, +(=9.74 in/s*)e, 4

(¢)  Acceleration of the collar relative to the rod.

Appp =T, ag,0, = (-3.25 in/s*)e,
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PROBLEM 11.162

The rotation of rod OA about O is defined by the relation 6 = 2 — 4t, where
@and t are expressed in radians and seconds, respectively. Collar B slides along
the rod so that its distance from O isr = 2.5¢° — 5¢*, where r and  are expressed
in inches and seconds, respectively. When ¢ =1 s, determine (a) the velocity of the
collar, (b) the acceleration of the collar, (c¢) the radius of curvature of the path of
the collar.

SOLUTION

Calculate the derivatives with respect to time.
r=250-5" 0=t -4
F=75-100 6=31"-4

F=15-10 6 =6t

Atr=1s,
r=25-5=-2.5in. @=1-4=-3rad
F=75-10=-25in/s @=3-4=—lrad/s
F=15-10=5 in./s’ 6 = 6 rad/s’

(a)  Velocity of the collar.

v =re, +rfe, =-2.5¢, +(-2.5)(-1)e,

v =(-2.50 in./s)e, +(2.50 in./s)e, 4

v=1/(2.50)% +(2.50)> =3.5355 in./s

Unit vector tangent to the path.

e, =~ =-0.70711le, +0.70711e,
v

(b)  Acceleration of the collar.

a=(i-r0%)e, +(r6 +2i0e,
=[5-(2.5)(=1)*Je, +[(-2.5)(6) + (2)(-2.5)(~D)]e,

a=(7.50 in/s*)e, +(~10.00 in/s*)e, 4
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PROBLEM 11.162 (Continued)

Magnitude: a=+/(7.50)> +(10.00)> =12.50 in./s>
Tangential component: a, = ae,

a, = (7.50)(=0.70711) + (—=10.00)(0.70711) = —12.374 in./s>

Normal component: a, =yJa* —a’ =1.7674 in./s*

(¢)  Radius of curvature of path.

V2
a, =—
P
v2 (3.5355 in./s)? )
== p=7.07 in. 4
a 1.7674 in./s

n
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PROBLEM 11.163

The path of particle P is the ellipse defined by the relations
r=2/(2—cosxt) and @ =rmt, where r is expressed in meters, ¢ is
in seconds, and @ is in radians. Determine the velocity and the
acceleration of the particle when (a) t =0, (b) t=0.5s.

SOLUTION
We have
Then
and
(a9 Attr=0:
Now
or
and
or
() Att=05s:

r :; 9:7[[
2 —cos xt
— _Z”S—mm2 O=r
(2—cos 7t)
Vo 7rcos (2 —cos xt) — s1n3m(27r sin 7t) G0
(2 —cos 7t)
1—qin?
— o 2cosmt—1 sn; Tt
(2 —cost)
r=2m 0=0
r=0 6 = rad/s
P =-2r"m/s’ 6=0

v =re, +rfe, =(2)(n)e,

v=27z m/s)e, 4

a=(i—r6e, +(r6 +2r0)e,

®-0 =1
a I ¥
=[-27° = (2)(7)" le, Jr———'-lp—gr

a=—(47’m/s*)e, 4

r=1m Hzlrad
2
:(_22")72[:—% m/S 9=ﬂrad/S

r==-2r =

2 —1-1 77_2 52
27> 2
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PROBLEM 11.163 (Continued)

Now v=re, + réeg = (—%)er +(D(m)e,y

V1
or v= _(E m/s)er + (7 m/s)e, 4
and a=(i-r0%)e, +(r6 +2i0)e,

2
- ”7_(1)(@2 e + 2(—%)(75) e,

or
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PROBLEM 11.164

The two-dimensional motion of a particle is defined by the relations r = 2acos® and 6 = bt*/2, where a and b

are constants. Determine (a) the magnitudes of the velocity and acceleration at any instant, (b) the radius of
curvature of the path. What conclusion can you draw regarding the path of the particle?

SOLUTION
(@) We have r=2acoséf 0= %bt2
Then F=-2afsin 0 0=bt
and ¥=-2a(f sin@+ 6*cosh) 6=b
Substituting for& and 6
r=—2abt sin @
¥ =—2ab(sin @ + bt cos H)
Now v, =7 =-2abt sin@ v, =@ =2abt cos
Then v=4/v2 +v} = 2abt[(~sin §)* + (cos §)*]"*
or v=2abt 4
Also a,=r-— r6* = —2ab(sin 8 + bt* cos 0) — 2ab*t* cos 6
= —2ab(sin 0 + 2bt* cos )
and ay =16 + 27 = 2ab cos @ — 4ab’t* sin @
=—2ab(cos @ — 2bt” sin 6)
_ (2,2 _ : 2 2
Then a=+la. +ag =2ab|[(sin 6+ 2bt" cos )
+ (cos @ — 2bt? sin 6)* 12
or a=2ab\1+4b’t" 4
2 2 2
(b)) Now a*=a’+a’ = (ﬂ) +(V—J
dt P
Then L4 = i(Zabt) =2ab
dt dt
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PROBLEM 11.164 (Continued)

2
s0 that (2ab 1+ 407 ) = 2ab)* +d?
or 4a’b* 1+ 4b°t*) = 4a*b* + aj
or a, = 4ab’t’

2 2
v N _ (2abt)

Finall a,=— =
Y op P 4ab’t*
or p=a 4
Since the radius of curvature is a constant, the path is a circle of radius a. <
P
0
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PROBLEM 11.165

As rod OA rotates, pin P moves along the parabola BCD. Knowing that the
equation of this parabola is r =2b/(1+cos@)and that & = kt, determine the
velocity and acceleration of P when (a) 8 =0, (b) 6 =90°.

SOLUTION
2b
P " 1+ coskt !
r _ Zkall’lkt2 9=k 020
(1+coskt)
. C ) 2k

r 2 [(1+cos kt)2 k coskt + (sin kt)2(1 + cos kt)(k sin kt)]

- (14 coskr)
b

(a) When @=kt=0:

: . 2bk 1,5
r=b =0 F=""[(2)%k(l)+0]==bk
oK ;
6=0 6=k 6=0
v,=i=0 v,=rf=bk v=bke, 4
a, =F—rf? =Lpi? _pi? =Ly 1
g 2 2 az—Ebkzer4
ay =10 +2i0 =b(0)+2(0)=0
(b) When 8= kt=90°:
r=2b  i=2bk 'r'=%[0+2k]=4bk2
6=90° 6=k 6=0
v, =i =2bk v,=rf="2bk v =2bke, +2bke, 4
a, =¥ —r@* = 4bk* — 2bk* = 2bk*
ay =16 +2i- = 2b(0) + 2(2bk)k = 4bk* a=2bk’e, +4bk’e, 4
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PROBLEM 11.166

v —F The pin at B is free to slide along the circular slot DE and along the
iy rotating rod OC. Assuming that the rod OC rotates at a constant rate 6,
(a) show that the acceleration of pin B is of constant magnitude,
(b) determine the direction of the acceleration of pin B.

SOLUTION
From the sketch:
r=2bcos@
F=-2bsin6

Since 6 = constant, =0
i =-2bcos8 6°

a, =¥ —rf* =-2bcos 6 6> — (2bcos )6

a, =—4bcos @ 6*

ay =16 + 27 = (2bcos B)(0) + 2(~2bsin 6)6*
a, = —4bsin 6 6

a=\la’ +a] = 4b6>\[(~cos 6)° +(—sin H)’

a=4b6*

Since both b and @ are constant, we find that

a =constant 4

1 ay [ —4bsin6 6*
y=tan —=tan | ————
a —4bcos@ @

y= tan"(tan 0)
r==0

Thus, a is directed toward A 4
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PROBLEM 11.167

To study the performance of a racecar, a high-speed camera is
positioned at Point A. The camera is mounted on a mechanism
g which permits it to record the motion of the car as the car
travels on straightway BC. Determine (a) the speed of the car
in terms of b, 6, and @, (b) the magnitude of the acceleration
interms of b, 6, 6, and 6.

! b

SOLUTION
b N o
a We have =
@ " cos @ I I
r
Then i bo 512n 0 A 3]
cos” @ b
We have V2= v,2 + vg =(F) + (r6")2
2
bOsin & ( b6 jz
+
cos’6 cos @
b*6* ( sin’6 b*6*
=t F
cos @\ cos“@ cos @
or y==% b‘z
cos“ 6
For the position of the car shown, 8 is decreasing; thus, the negative root is chosen. v=- bzg <4
cos
Alternative solution.
From the diagram F=-vsind
b0 sin 6 .
or —— —=-vsin o
cos @
or v=— b‘z |
cos“ @
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For rectilinear motion

(b)

Using the answer from Part a

Then

or

Alternative solution

From above

Then

Now

where

and

Then

PROBLEM 11.167 (Continued)

dv
a=—
dt

bo
cos’6

|

49 ) cos’6 — 19( —26 cos 0 sin o)
cos*6

(6+26*tan6) 4

a=-—j;
cos @

b

cos@

_ bOsin@
cos’ @
(0 sin 6+ 6%cos 6)(cos’8) — (0 sin 6)(— —26 cos 6 sin o)

cos*O

6 sin ¢9 6? (1+sin’ 6)
cos 49

ryr =

=b

cos’0

a2=a3+a;
. . .
b 951n6’+9 (1+sin” @)

cos’0

b8’

.. )
a.=r-— r@° =
cos @

cos’0

|

b6 b6*sin 6
+2
cos @

26%sin’ @
cos@

2

—(é sin @ +
cos @

b sin @
cos’6

(6 +26” tan 6)

ay =r0+2i0=

cos’6

bcos 0

> (19-1-29 tan &)

(6 +26” tan O)[(sin ) + (cos )*]""2
cos“@

For the position of the car shown, 6 is negative; for a to be positive, the negative root is chosen.

b

(6426 tan6) 4
cos” @

a=—
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PROBLEM 11.168

After taking off, a helicopter climbs in

== a straight line at a constant angle . Its

IR = flight is tracked by radar from Point A.

el Determine the speed of the helicopter
PR \5 in terms of d, 3, 6, and 6.

SOLUTION
From the diagram
r _ d
sin (180°— ) sin (S-0) '
or dsin B = r(sin fcos 8 — cos Bsin 6)
or r= tan S
tan 5 cos @ —sin @
(- ind— . d

Then F=dtan (~tan fisin COS?G

(tan S cos @ —sin 6)

tan [ sin & + cos &

=d6 tan
p (tan 3 cos @ —sin 0)*

From the diagram

v,=vcos (f—-6) where v, =7
Then
d tan 5 tan §5in 6+ 0056’2 =v(cos S cos @ +sin [ sin §)
(tan S cos @ —sin 6)
=vcos f (tan S sin 6 + cos 6)
or d0 tan B sec B

V= 5
(tan S cos@ —sin )

Alternative solution.

We have vi=v2 4 = (1) +(r0)?
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PROBLEM 11.168 (Continued)

Using the expressions for r and 7 from above

tan /3 sin @ + cos &

v=|dé tan
p (tan 3 cos @ —sin 6)*

172

) . ,
or S dé?tan,B. (tanﬂsm@-i—cos@)2 +1
(tan /3 cos @ —sin @) | (tan 3 cos @ —sin 6)

. ) /2
dftan tan“fF+1

(tan B cos @ —sin ) | (tan B cos @ —sin B)*

+

Note that as @ increases, the helicopter moves in the indicated direction. Thus, the positive root is chosen.

b d6 tan f3 sec B
(tan 3 cos @ — sin 0)*
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PROBLEM 11.169

At the bottom of a loop in the vertical plane, an

airplane has a horizontal velocity of 315 mi/h
d and is speeding up at a rate of 10 ft/s>. The
radius of curvature of the loop is 1 mi. The
plane is being tracked by radar at O. What are
e e the recorded values of 7, ¥, & and @ for this
——- XS  m—— instant?

r 1800 ft

i’. 2400 [t

SOLUTION

Geometry. The polar coordinates are

r =+/(2400) + (1800)° =3000 ft &= tan™" (%j =36.87°

Velocity Analysis. v =315 mi/h =462 ft/s —
o R v, =462cos 8 =369.6 ft/s
B ; vy =—462sin @ = -277.2 ft/s
%
5 \/ v, =F F=370 ft/s 4
yeaftss ! - vy 2772
Vg =16 =Z=—-—
3000
0 =-0.0924 rad/s 4
Acceleration analysis. a, =10 ft/s>
2 2
Y _WODT 6 o5 s
p 5280
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PROBLEM 11.169 (Continued)

a, =a,cos @+a, sin@ =10 cos 36.87° +40.425 sin 36.87° = 32.255 ft/s*
ag =—a, sin 6+ a, cos @ =—10sin 36.87° + 40.425 cos 36.87° = 26.34 ft/s>

. D . )
a,=r—r@” r=a,+r60

¥ =32.255+ (3000)(—0.0924)> ¥ =579 ft/s® <
ay = ré + 21"0.
Gt 210
r r
2634 (2)(369.6)(<0.0924)

6 =0.0315 rad/s’ 4

3000 3000
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PROBLEM 11.170

Pin C is attached to rod BC and slides freely in the slot of rod OA
which rotates at the constant rate @. At the instant when £ = 60°,
determine (a) 7 and 6, (b) ¥ and 6. Express your answers in terms
of d and w.

SOLUTION Looking at d and /3 as polar coordinates with d =0,

vg=df=do, v;=d=0
ag=df+2dB=0, a,=d-dff =-do&

Geometry analysis: r = d/3 for angles shown.

(@) Velocity analysis: Sketch the directions of v, e, and e,

v, =7 =v-e, =dwcos120°

r

Co = —%da) <
3 En .
V = dw ’ Vg =1r0=v-ey=dwcos30°
: o dol
0= dwcos30° _ 3 6=10 4
r d\/g
(b)  Acceleration analysis: Sketch the directions of a, e, and e,
a, =a-e, =acosl50° = —gda)2
F-ré = —ﬁdwz
2
2
F= —ﬁda)2 +r6* = —ﬁdw2 + d\/g(la)j
2 2 2
= —?d(f <

1
ag=a-ey= d @’ cos120° = —Eda)2

ag = r0+2i-0

"L ey NS U N S RN G e j -
e_r(ae 2r6)—\/§d{ 2da) (2)( Zdwj(za)ﬂ 6=0<
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PROBLEM 11.171

|| For the racecar of Problem 11.167, it was found that it

3 took 0.5 s for the car to travel from the position 8 = 60° to

the position 8 =35°. Knowing that b =25 m, determine
the average speed of the car during the 0.5-s interval.

PROBLEM 11.167 To study the performance of a racecar,
a high-speed camera is positioned at Point A. The camera
is mounted on a mechanism which permits it to record the
motion of the car as the car travels on straightway BC.
Determine (a) the speed of the car in terms of b, 6, and
0, (b) the magnitude of the acceleration in terms of b, 8,
6, and 6.

SOLUTION

From the diagram:

Ar;, =25 tan 60° - 25 tan 35°
=25.796 m

Ar;

Vave = FZ
25796 m
~05s
=51.592 m/s

or Vave =185.7 km/h

Now
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PROBLEM 11.172

For the helicopter of Problem 11.168, it was found that when the helicopter was at B, the distance and the
angle of elevation of the helicopter were r =3000 ft and € =20°, respectively. Four seconds later, the radar
station sighted the helicopter at r =3320 ft and 6 =23.1°. Determine the average speed and the angle of
climb /3 of the helicopter during the 4-s interval.

PROBLEM 11.168 After taking off, a helicopter climbs in a straight line at a constant angle /. Its flight is
tracked by radar from Point A. Determine the speed of the helicopter in terms of d, £, 6, and 6.

=Y

SOLUTION
B,
We have 1y = 3000 ft 6, =20° % ar
R =3320ft  6,=23.1° =
™
From the diagram: ALY &
2 2 2 A
Ar® =3000" + 3320

—2(3000)(3320) cos (23.1° —20°)
or Ar=362.70 ft
Now Vave = Ar

At

36270 ft
4s
=90.675 ft/s

or Ve =61.8 mi/h 4
Also, Ar cos =1, cos6, —r,cos 6,

3320 cos 23.1°—-3000 cos 20°
or cos f=

362.70

or [£=49.7° 4
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0 |

Hyperbolic spiral — r@ =D

PROBLEM 11.173

A particle moves along the spiral shown; determine the magnitude of the velocity

of the particle in terms of b, 8, and 6.

SOLUTION

Hyperbolic spiral.

v=§\/1+62€' |
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PROBLEM 11.174

A particle moves along the spiral shown; determine the magnitude of the velocity
of the particle in terms of b, 8, and 6.

]
Logarithmic spiral ~ r= o

SOLUTION

Logarithmic spiral. r=e"
=T o 40 _poog

dt t
v, =i =be"8 Vg = ré=¢"9
r _ bo 2 4
) v=e¢"\1+b" 6 4

V= \/vrz + vz =e"?0b* +1
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PROBLEM 11.175
____'“__‘__‘__T_ A particle moves along the spiral shown. Knowing that @ is constant and
b denoting this constant by @, determine the magnitude of the acceleration of
0 ] the particle in terms of b, €, and @.
Hyperbolic spiral — r@ =D
SOLUTION
L b
Hyperbolic spiral. r= p
. b
From Problem 11.173 r= 7 0
b 2b
r= —?9 + 59
L. . 2b -, b -
a, =¥ -r@’ :—%9 +—l3’92 -— &
0 o 0
ay = ré+zr-e'=2é+z(_%e‘)9:2é_z%e'z
0 6 4 0

Since 8=w= constant, 6= 0, and we write:

4 =t~ —(2-6°)
b ,  ba’
ag :—2?0) —7(20)

2 2
a=.Ja’ +a =%J(2—92)2 +(20) =b0%\/4—492 +0" +46°

2
az%\/4+94 <
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PROBLEM 11.176

A particle moves along the spiral shown. Knowing that @ is constant and
denoting this constant by @, determine the magnitude of the acceleration of

0 the particle in terms of b, €, and @.
Logarithmic spiral ~ r= e
SOLUTION
Logarithmic spiral. r=e"
F= dar =be0
dt

¥ =be”?6 +b*e"° 0% = be® (6 + b6?)
a, =¥ -r6> =be” (6 +b6") - "6’
a, =rf+2r0=e"0+2(be"°6)6
Since 8=w= constant, 6= 0, and we write

a, =be"” (ba’*) - "’ w* = " (b* —)*

ag = 2be” w?

a=yd> +a2 = |(B* -1 +(2b)°
= P bt =202 +1+ 40> = P bt + 20 +1

=@’ \(b* +1)* =@’ (b7 +1)

a=(1+b)w*e" 4
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e PROBLEM 11.177

= The motion of a particle on the surface of a right circular cylinder is
) defined by the relations R = A, € =2xt,and z = Bsin27znt, where A and B
are constants and # is an integer. Determine the magnitudes of the velocity
and acceleration of the particle at any time ¢.

SOLUTION

0=2rxt z=Bsin2znt

R=A
R=0 0=2r z=2rmn Bcos2xznt
R=0

=0 7 =—47x*n* Bsin 27znt

Velocity (Eq. 11.49)

v =Re, +R9eg +zk
V= +A(2r)ey +27n Beos2znt k

V= 271'\/A2 +n’B%cos’ 27nt 4
Acceleration (Eq. 11.50)
a=(R-R6%)e, + (RO +2RO)e, + 7k

a=—-471’Ae, —4x’n’® Bsin2zntk

a= 47[2\/A2 +n*B%sin? 27nt 4
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PROBLEM 11.178

b Show that 7= h@sin@ knowing that at the instant shown, step AB of

the step exerciser is rotating counterclockwise at a constant rate ¢@.

LA

SOLUTION
From the diagram

r*=d* +h* = 2dhcos ¢

Then 2rF = 2dhgsin ¢
Now .r = _d
sing sin@
or . dsing
sin @

Substituting for r in the expression for

(d?ln¢)f:dh¢ sin ¢

sin @

or i = hgsin 6 QE.D. <
Alternative solution.

First note a=180°—-(¢+6)

Now V=V, +tV,=7e,+ réeg

With B as the origin

Vp = d¢ (d = constant = d= 0)
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PROBLEM 11.178 (Continued)
With O as the origin vp), =7
where (vp), =Vvpsina
Then F=dgsina
Now _h = _d

sina  sin@

or dsina =hsin@
substituting i = hesin 6 Q.E.D.
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PROBLEM 11.179

The three-dimensional motion of a particle is defined by the relations R=A(l—e'),0=2xt, and
z=B(1—-¢"). Determine the magnitudes of the velocity and acceleration when (a) t =0, (b) t = oo.

SOLUTION
R=A(l-¢") 0 =2t z=B(l-e)
R=Ae™ 0=2x z=Be
R=-Ae" 6=0 7=—Be”’
Velocity (Eq. 11.49)

v = Re,, + Rée, + 7k

v=Ae ey +2mA(l—e " )e, + Be 'k

(@) When t=0: ¢'=e"=1; v=Ae,+Bk v=+A*’+B*> 4
(b) When t=o0: =" =0 v=2rAe, v=27A 4

Acceleration (Eq. 11.50)
a=(R-R6"Ye, +(RO+2RO)e, + 7k
=[-Ae” — A(l-e™")dn’le, +[0+2Ae™ (27)]e, — Be 'k

(@) When t=0: e'=¢e"=1

a=-Ae, +47rAe,— Bk

a=+A®> + (47 AY + B a=\(1+167°)A’ + B’ 4
(b) When t=oc0: =" =0
a=-471"Ae, a=4r’A <4
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PROBLEM 11.180*

For the conic helix of Problem 11.95, determine the angle that the osculating plane forms with the y axis.

PROBLEM 11.95 The three-dimensional motion of a particle is defined by the position vector r =
(Rt cos w,Hi + ctj + (Rt sin w,t)k. Determine the magnitudes of the velocity and acceleration of the particle.
(The space curve described by the particle is a conic helix.)

SOLUTION
First note that the vectors v and a lie in the osculating plane.
Now r =(Rtcosw, )i+ ctj+ (Rtsin w,t)k
dr . o . .
Then V= I R(cosw,t — w,tsin w,1)i+ cj+ R(sin w,t + @,t cos @, k
t
and a= L
dt

= R(—a)n sin @,t — @, sin @, — Wt cos a)nt)i
+ R(a)n oS @,t + @, cos @, — @t sin a)nt)k
= @,R[-(2sin w,t + @,t cos @), 1)i + (2cos w,t — w,tsin W, 1)K]

It then follows that the vector (vxa) is perpendicular to the osculating plane.

Y

CACULATING |

PLANE
\‘

* B
[SEY:Y
i j k
(vxa)=w,R| R(cosw,t—w,tsinw,t) c¢ R(sinw,t+ @,tcosw,t)

—(2sinw,t+w,tcosw,t) 0 (2cosw,t—w,tsinw,t)

=w,R{c(2cosw,t — w,tsin @,t)i + R[—(sin @, t + @,t cos @,t)(2sin w,t + @,t cos W,t)
—(cos@,t — w,tsin @,1)(2cos W,t — w,tsin @,t)]j+ c(2sin W,t + @, cos w,H)k

=w,R |:C(2 cosw,t —@,tsin@,t)i— R (2 + it )j +c(2sin @, t + @, cos a)nt)k}
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PROBLEM 11.180* (Continued)

The angle & formed by the vector (vxa) and the y axis is found from

COSO[Z—(an).J
[(vxa)lljl
Where ljl=1
(vxa)~j=—a)nR2(2+a)ft2)
2
[(vxa)l= a)nR[cz(zcos ot —otsinw,)’ +R* (2+ a),ftz)
1/2
+c*(2sinw,t + @t cos a)nt)z]
2 1/2
:a)nR[cz(4+a),ft2)+R2(2+a)jt2) }
~0,R* (2+ o)1)
Then cosa =

a)nR[c2 (4+ o't ) +R? (2 +w’t? )2 }1/2
—R(2+a),f t2)

2 1/2
[cz (4+co,ft2)+R2 (2+ a)ftz) }

The angle S that the osculating plane forms with y axis (see the above diagram) is equal to

pB=a-90°
Then cosa =cos (f+90°) =—sin S
—R(2+a)jt2)
—sin =

2 1/2
Clarair )R (2eair) |

éﬁm‘kﬁt‘)

R (2 + a)jtz)
Then tan f = W C Q@ ottt
1 R(2 + a)jtz)
or P =tan”

c\4+ o't
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PROBLEM 11.181*

(@) t=0, (D) t=m/2s.

Determine the direction of the binormal of the path described by the particle of Problem 11.96 when

SOLUTION

Given:

First note that e, is given by

Now

Then

and

(a) Atr=0:

Then

and

Then

or

r=(Atcost)i+(A t2+1)j+(Btsint)k

r—ft, t—-s; A=3, B-1

vXa

e =

P lyxal

r=(3tcost)i+(3 t2+1)j+(tsint)k
_dr

V=—
dt

=3(cost —tsint)i+ j+ (sint +tcost)k

3t
VP +1

dv \/t2+1—t(Jr2r_+l)j

a=—=23(-sint—sint—tcost)i+3 3
dt t“+1
+(cost +cost —tsint)k

=—3(2sint+tcost)i+(2;j+(2005t—tsint)k
m+

e
v =3 ft/s)i

a= (3 ft/s?)j+ (2 ft/s>k

vxa=3ix(3j+2Kk)
=3(-2j+3k)

Ivxal=3(=2)2 +(3)> =313
C3(2j+3k) 1

e, = =
N TN

cosf, =0  cosf, = _z cosf, =

V13

6, =90° 6, =123.7°

(—2j+3Kk)

3
Vi3

6, =33.7°

<
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PROBLEM 11.181* (Continued)
T 3 . 3 .
(b) Atr=—s: v=—| — ft/s |i+| —— ft/s |j+ (1 ft/s)k
2 2 N7t +4
24 T
a=—(6ft/s’)i+| —————— ft/s® |[j—| = ft/szjk
i J k
Then vxa= —3—” 23” P
2 (rT+4)
24 T
(*+4y 2
| 37 N 6+i ;
2+ (2 + 4" 4
Hl 367 + 187 K
(”2 +4)3/2 (ﬂ_z +4)1/2
=—4.43984i —13.40220j + 12.99459k
and lvxal=[(—4.43984) + (—13.40220)* + (12.99459)*]"2
=19.18829
Then eb=;(—4.43984i—13.40220j+12.99459k)
19.1829
443984 13.40220 12.99459
s, =——— 0, =———— cosf, =———
19.18829 Y 19.18829 "~ 19.18829
or 6, =103.4° 6, =134.3° 0, =47.4° |
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PROBLEM 11.182

The motion of a particle is defined by the relation x =2¢’ —15¢> + 24z +4, where x and ¢ are expressed in
meters and seconds, respectively. Determine (a) when the velocity is zero, (b) the position and the total
distance traveled when the acceleration is zero.

SOLUTION
x=26 —15¢> + 241 + 4
SO v:@:6t2—30z+24
dt
a=ﬂ=12t—30
dt
(@) Times when v = 0. 0=61>—30r+24=6 (1* =5t +4)
(t—4)(F-1)=0 t=1.00s, t=4.00s 4

(b)  Position and distance traveled when a = 0.

a=12t-30=0 1=25s

S0 x, =2(2.5)° —15(2.5)* +24(2.5) +4

Final position x=150m <«
For 0<tr<1s, v>0.

For 1s<r<25s, v<O0.

At 1=0, x,=4m

At t=1s, x=Q2)1)° -15D*+2HD)+4=15m

Distance traveled over interval: x;, —x, =11m
For 1s<r<2.5s, v<0
Distance traveled over interval
lx, —x1=11.5-151=13.5m
Total distance: d=11+13.5 d=245m 4
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PROBLEM 11.183

A particle starting from rest at x=1m 1is accelerated so that its velocity doubles in magnitude between
x=2m and x =8 m. Knowing that the acceleration of the particle is defined by the relation a = k[x— (A/x)],
determine the values of the constants A and k if the particle has a velocity of 29 m/s when x =16 m.

SOLUTION
We have vﬂzazk(x—é)
dx x
v x A
When x=1ft, v=0: J' vdv:J' k(x——]dx
0 1 X
or lvzzk le—Alnx
2 2 )
=k(—x2—Alnx——j
2
At x=2 ft: lvgzk l(2)2—Alnz—l —k[2—am2
2 2 2 2
1, 1, 1
x=8 ft: —vg=k|=(8)*-AIn8—— [=k(31.5— AIn8)
2 2 2
1,2 _
Now Vs, 2v82 :(2)2:/((31.5 Alng)
v, 1y k(3—Aln2)

6-4AIn2=315-AIn8

25.5=A(In8—41n2)=A(In8-1In2")= Aln[%)

A= A=-36.8m> 4
ln%
When x=16 m, v =29 m/s: l(29)2 =k l(16)2 _ B3 1n(16)—l
2 2 In(1) 2
420.5k =k [128 +102 - ﬂ =230.5k
=230.5k k=1.832s" d
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PROBLEM 11.184

A particle moves in a straight line with the acceleration shown in
the figure. Knowing that the particle starts from the origin with
| Vo = —2 m/s, (a) construct the v—¢t and x—t curves for 0 < ¢ < 18
8 ! S, (b) determine the position and the velocity of the particle and the
e B ‘5 total distance traveled when ¢ =18 s.

SOLUTION
Compute areas under a — ¢ curve.
o (m/st) A = (-0.75)(8) = —6 m/s
P
)0 A, = (2)(4) = 8m/s
AN Ay = (6)(6) = 36 m/s
2 ,——T--/_'Z
A~ A/ Vo = —2 mls
s sy S A CD _ _
-0.15 KLLLL77, iz 18 V8—V0+A1——8m/5
Vi, =vg+A =0
vV (m/s) “g Vig = Vjp + Ay Vg = 36 m/s 4

Sketch v—¢ curve using straight line portions over the constant
acceleration periods.

Compute areas under the v—t curve.

£ |
Ay =—(2-8)) = —40m

A = S8 = -16m
1
X' (m) =—(36)(6) =108 m
/51 Aq 2( )(6)
——Fs te % =0
I A X3 =xy+ A =—-40m
- |
e W X, = X3+ As = -56m
Xig = Xpp + Ag Xy =52m 4
Total distance traveled = 56 + 108 d =164m <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

266

STUDENTS-HUB.com


https://students-hub.com

STUDENTS-HUB.com

PROBLEM 11.185

The velocities of commuter trains A

and B are as shown. Knowing that
the speed of each train is constant
and that B reaches the crossing 10
min after A passed through the same
crossing, determine (a) the relative
velocity of B with respect to A,
(b) the distance between the fronts
of the engines 3 min after A passed
through the crossing.

SOLUTION

(a)

(b)

We have Vg =V, +Vp,

The graphical representation of this equation is then as shown.

Then vy, =667 +48> —2(66)(48) cos 155°

or vy =111.366 km/h o CQYTS
& 25°
AT =

and 48 111.366 Sas b

sina  sin 155°
or o =10.50°
Vyu=111.4km/h < 10.50° 4

First note that

at t =3 min, A is (66 km/h) (%) =3.3 km west of the crossing.

at t =3 min, B is (48 km/h) (%) =5.6 km southwest of the crossing.

Now Ig =T, +Tp,

Then at r =3 min, we have

1, =3.3% +5.6" —2(3.3)(5.6) cos 25°

or Fyy =2.96 km 4
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PROBLEM 11.186

Slider block B starts from rest and moves to the right with a constant
acceleration of 1ft/s>. Determine (a) the relative acceleration of
portion C of the cable with respect to slider block A, (b) the velocity
of portion C of the cable after 2 s.

SOLUTION

Ve

<l

Let d be the distance between the left and right supports.

Constraint of entire cable: xz; + (x5 — x,) + 2(d — x,) = constant
2vp =3y, =0 and 2ap —3a, =0

a, = %aB = %(1) = 0.667 ft's>  or  a, = 0.667 ft/s*> —
Constraint of Point C: 2(d = x,) + Y4 = constant

=2V, + vy =0 and -2a,+acy =0

(@) aeyp = 2a, = 2(0.667) = 1.333 fi/s

aq, =13331us> | <

Velocity vectors after 2s: v, = (0.667)(2) = 1.333 ft/s —
Vou = (1333)(2) = 2.666 fifs |
Ve =Vat Vou
Sketch the vector addition.
vE = v+ 3, = (1.333)2 + (2.666) = 8.8889(ft/s)*
ve = 2.981 ft/s

vV,
tan€=C—M=M=2, 0 = 63.4°

v, 1333
() Ve =298 fifs A 63.4° 4
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PROBLEM 11.187

B acceleration of 7 in./s>. Collar B moves upward with a constant acceleration,
_ q and its initial velocity is 8 in./s. Knowing that collar B moves through 20 in.
ARLY) between r=0 and r=2s, determine (a) the accelerations of collar B and
: block C, (b) the time at which the velocity of block C is zero, (c¢) the distance
through which block C will have moved at that time.

|

&

% _ Collar A starts from rest at =0 and moves downward with a constant
|

SOLUTION
From the diagram
~¥a+ (e = Ya)+2yc + (Y — yp) = constant
@ [ 4] Then —2v, —vp +4ve =0 (1)
Ch | B . and ~2a, —ay +4a. =0 )
Al 'y Given: (vy)y =0

(a,) =7 in/s?|

(Vp)o =8 in/s|

ap = constant T

Atr=2s y—(g)p =20 in.|
(@) We have v =(¥g)o +(vB)0t+%aBt2
At t=2s: —20 in.= (-8 in./s)(2 s) +%a3(2 s)?
ay=—4in/s* or a, =2in/s’| 4

Then, substituting into Eq. (2)
-2(7 in/s*)— (=2 in/s*) +4a. =0

a2 a2
ac=3in/s° or ac—31n./814
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PROBLEM 11.187 (Continued)
(b)  Substituting into Eq. (1) at 1 =0
=2(0) - (-8in./s)+4(v-)y =0 or (vo),=-21n./s
Now Ve =We)o tact
When v, =0: 0=(-2in./s)+ (3 in./sz)t
2
or tzgs t=0.667s 4
(© Wehave Yo =G+ et + 3 act
s . 2 1. (2 Y
Atr=%s Ve — (Vo) =(2in/fs)| = s [+=Bin/s")| = s
3 2 3
=—0.667 in. or Yo —(¥¢), =0.667 in. | <
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PROBLEM 11.188

A s 15 il A golfer hits a ball with an initial velocity of magnitude v, at an

angle o with the horizontal. Knowing that the ball must clear the
tops of two trees and land as close as possible to the flag,
determine v, and the distance d when the golfer uses (a) a six-iron

with a = 31°, (b) a five-iron with o = 27°.

SOLUTION

The horizontal and vertical motions are
X

x = (vycosa)t or Vo =
tcosa 1)

y = (vysina)t —%gl‘2 = xtamOt—%gt2

2 2(xtanax — y)

or 2
8
At the landing Point C: ye =0, t= 2psiner
8
2vgsinacos o
And Xc = (yyeosa)t = ———— 3)
8
(a) a =31°
To clear tree A: x,=30m, y, =12m
From (2), 2 = 20037 21D ooesi 4, = 11084
9.81
From (1) (vy) —L—M 58 m/s
’ U4 1.1084c0s31° T
To clear tree B: xp =100m, yz=14m
From (2), (tp)? = 2000tn31° =1 _ g 3957 2, ty = 3.0652 s
9.81
100
From (1), Y =——— =38.06 m/s
M 00 = 3 652005317
The larger value governs, vy = 38.06 m/s vy = 38.1m/s «
2 . o o
From (3). e = (2)(38.06)“sin31°cos 31 ~ 13038 m
9.81
d = x. —110 d =204m<
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PROBLEM 11.188 (Continued)

b))y a=27°
By a similar calculation, ty = 0.81846 s, o) 4 = 41.138 mys,

ty = 27447s,  (vy) = 40.890 mys,
v = 41.138 my/s vy = 41.1m/s <

xc =139.56 m, d=29.6m <
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PROBLEM 11.189

As the truck shown begins to back up with a constant acceleration
of 4 ft/sz, the outer section B of its boom starts to retract with a

- _*' ' constant acceleration of 1.6 ft/s> relative to the truck. Determine
e 7NN (a) the acceleration of section B, (b) the velocity of section B
(@) o]e) when 7 = 2 .

SOLUTION
For the truck, a, = 4 ftls* —
For the boom, ay, = 1.6 ft/s> 27 50°
(a) ag =a, +ag,

Sketch the vector addition.

a,; By law of cosines:

2 2 2 o

= 4% +1.6% = 2(4)(1.6)cos 50°
ag = 3.214 ft/s?

Apia sin 50° _ 1.6sin 50°
ag 3.214

Law of sines: sina = = 0.38131

o =224° ag=321fts* X 22.4° 4

(b) Vg = (vg)y + agt = 0+ (3.214)(2)

vy = 6.43 ft/s? X 22.4° 4
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PROBLEM 11.190

A motorist traveling along a straight portion of a
highway is decreasing the speed of his automobile at
a constant rate before exiting from the highway onto a
% _ circular exit ramp with a radius of 560-ft. He continues
to decelerate at the same constant rate so that 10 s after
; entering the ramp, his speed has decreased to 20 mi/h,
560 ft a speed which he then maintains. Knowing that at this
4 constant speed the total acceleration of the automobile
is equal to one-quarter of its value prior to entering the
ramp, determine the maximum value of the total

acceleration of the automobile.

/'/

SOLUTION

First note Vo =20 mi/h = % ft/s

While the car is on the straight portion of the highway.

a= aslrajghl =

and for the circular exit ramp

where a =—

By observation, a_,, occurs when v is maximum, which is at # =0 when the car first enters the ramp.

max

For uniformly decelerated motion

v=y,+at
)
and at r=10s: v =constant = a =a, =—>
P
1
a=—dgy
1 2 (8—38 ft/s)2
Then Astraigne = = — 4 = L=
‘ 4 P 560 ft
or a, =—6.1460 ft/s’

(The car is decelerating; hence the minus sign.)
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PROBLEM 11.190 (Continued)

Then at =10 s: %ft/5=vo+(—6.1460 ft/sz)(lo 5)
ot v, =90.793 ft/s

Vz ?
Then at t=0: Aoy = atz +| 20

P

5 2 1/2
=1 (=6.1460 fy/s?)? +| COT VS
560 ft

- a,. =15.95 ft/s* 4
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PROBLEM 11.191

Sand is discharged at A from a conveyor belt and falls onto
the top of a stockpile at B. Knowing that the conveyor belt
forms an angle o =25° with the horizontal, determine (a) the
speed vy of the belt, (b) the radius of curvature of the
trajectory described by the sand at Point B.

SOLUTION

The motion is projectile motion. Place the origin at Point A. Then x, =0 and y, =0.

The coordinates of Point B are x, =30 ft and y, =—18 ft.

Horizontal motion: v, =V, c0825° (1)

X =v,tcos25° 2)

Vertical motion: v, =V, 8in25° - gt 3)
s mee 1o

Y =V,tsin25°— 3 gt “)

At Point B, Eq. (2) gives

wty =—2 =30 __339014
cos25° cos25°

Substituting into Eq. (4),

—18=(33.101)(sin 25°) —%(32.2)52;

t5 =1.40958 s
t .
(@)  Speed of the belt. yy = 2lp 33101 _ oy 4es
t,  1.40958

v, =23.4 ft/s 4
Egs. (1) and (3) give

v, =23.483c0s25°=121.283 ft/s
v, =(23.483)sin 25° - (32.2)(1.40958) = —35.464 ft/s

v
tan@—-=1.66632 6=59.03°

Vi

v=41.36 ft/s

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

276

STUDENTS-HUB.com


https://students-hub.com

STUDENTS-HUB.com

(b)  Radius of curvature at B.

Components of acceleration.

PROBLEM 11.191 (Continued)

a=322fts*| @, =32.2sin@

a, =32.2cos 0 =32.2¢0s59.03° = 16.57 ft/s*

2
Vv
a,=—
Yol
_ V' _(4136)°
a 16.57

n

p=103.2 ft <
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PROBLEM 11.192

The end Point B of a boom is originally 5 m from fixed Point A
when the driver starts to retract the boom with a constant radial
acceleration of ¥ =-1.0 m/ s? and lower it with a constant
angular acceleration @=-0.5rad/s>. At t=2s, determine
(a) the velocity of Point B, (b) the acceleration of Point B,
(c) the radius of curvature of the path.

SOLUTION
Radial motion. n=5m, #=0, i=-1.0m/s’
r=r, +i’0t+%i"t2 =5+0-0.5
=iy +it=0-10
At r=2s, r=5-(0.5)2)*=3m
F=(-1.0)(2) =2 m/s
Angular motion. 6, =60°= %rad, 6, =0, 6=-0.5radss’
0=6,+6+—0 =T +0-025°
2 3
0=6,+6t=0-0.5t
At t=2s, ¢9=§+0—(o.25)(2)2 =0.047198 rad = 2.70°

6 =—(0.5)(2) = 1.0 rad/s

Unit vectors e, and e,.

P

(@) Velocity of Point Batf=2s. ¥ 2.76°

v, =re, +rbe,
=—(2m/s)e, + (3 m)(—1.0 rad/s)e,

v, = (=2.00 m/s)e, +(=3.00 m/s)e, 4

na=0 =015 4os631°
1%

v= V2 492 =/(=2)* +(=3)? =3.6055 ms
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PROBLEM 11.192 (Continued)

Direction of velocity.

De —
e, =Y =273 __55470e —0.83205,
v 3.6055

0+a=2.70+56.31°=59.01°
vy =3.61 m/s ,>759.0° 4

(b)  Acceleration of Point Batr=2 s.

ay =(F—r0)e, +(r6 +2i0)e,
=[-1.0-3)(=1)*Te, +[(3)(=0.5) + (2)(~1.0)(=0.5)]e,
a, =(—4.00 m/s*)e, +(2.50 m/s*)e, 4

tan,Bza—‘s':_zéli(?O

a
a=1Ja? +a} =\(~4) +(2.5)° = 47170 m/s
@+ B =2.70° - 32.00° = ~29.30°

=-0.625 [ =-32.00°

ay =4.72 m/s* 7729.3° <

Tangential component: a, =(a-e)e,

a, =(—4e, +2.5¢,) (-0.55470e, —0.83205¢, )e,
=[(-4)(-0.55470) + (2.5)(-0.83205)]e,

= (0.138675 m/s*)e, =0.1389 m/s> 27°59.0°

Normal component: a,=a-—a,

n

a, =—de, +2.5e, — (0.138675)(—0.55470e, — 0.83205e,)
=(-3.9231 m/s*)e, +(2.6154 m/s)e,

a, =/(3.9231)° +(2.6154)* =4.7149 m/s’

(¢)  Radius of curvature of the path.

2
v

a,=—
P

_ V2 _ (36055 m/s)

a 4.7149 m/s

n

p=276m 4
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PROBLEM 11.193

A telemetry system is used to quantify kinematic values
of a ski jumper immediately before she leaves the ramp.
According to the system r=500ft, 7=-105 ft/s,
F=-10fts’, 6=25° 6=0.07 rad/s, 6 =0.06 rad/s’.
Determine (a) the velocity of the skier immediately before
she leaves the jump, (b) the acceleration of the skier at
this instant, (c) the distance of the jump d neglecting lift
and air resistance.

SOLUTION

(@)  Velocity of the skier. (r=500ft, 8=25°

v=v,e, +vye, =re, +rbe,
= (=105 ft/s)e, + (500 ft)(0.07 rad/s)e,

v =(-105 ft/s)e, + (35 ft/s)e, 4

Direction of velocity:

35ft/s o> Er
¢5° 25°
25° ~

"
\

v =(—105c0s25° —35c0s65°)i + (355in 65° —1055sin 25°)
=(—109.95 ft/s)i + (—12.654 ft/s)]

v —
o=t =120 65650
v,  —109.95

X

v=4/(105)% + (35)> =110.68 ft/s

v=110.7 ft/s 27°6.57° 4
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PROBLEM 11.193 (Continued)

(b)  Acceleration of the skier.

a=a.e, +age,=(F— r92)e, + (ré + Zié)eg
a, =—10-(500)(0.07)* = —12.45 ft/s*
a, = (500)(0.06) + (2)(=105)(0.07) = 15.30 ft/s*

a=(—12.45 ft/s*)e, +(15.30 ft/s*)e,

a=(—12.45)(icos25°+ jsin 25°) + (15.30)(—icos 65° + jsin 65°)
= (—17.750 ft/s?)i + (8.6049 ft/s*)j

a,
tanﬂ = Y = M
a -17.750

X

a=1(12.45)" +(15.30)> =19.725 ft/s>

B =-259°

a=19.73 ft/s> 77 25.9° 4

(¢)  Distance of the jump d.

Projectile motion. Place the origin of the xy-coordinate system at the end of the ramp with the
x-coordinate horizontal and positive to the left and the y-coordinate vertical and positive downward.

Horizontal motion: (Uniform motion)
X, =0

X, =109.95 ft/s (from Part a)

X=Xy + Jk,t =109.95¢

Vertical motion: (Uniformly accelerated motion)
Yo =0
Yo =12.654 ft/s (from Part a)
y =322 ft/s?

Y=Yyt Yot +%yt2 =12.654t —16.1¢*

At the landing point,
x =d cos30° (1)
y=10+dsin30° or y-10=dsin30° 2)
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PROBLEM 11.193 (Continued)

Multiply Eq. (1) by sin 30° and Eq. (2) by cos 30° and subtract
xsin30°—(y—10)cos30°=0
(109.95¢)sin30° — (12.6541 +16.1¢* —10) cos 30° = 0
—13.943¢” + 44.016t +8.6603 = 0
t=-0.1858 s and 3.3427 s

Reject the negative root.
x =(109.95 ft/s)(3.3427 s) =367.53 ft

X

== d =424 ft 4
cos30°
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