Engineering Mechanics - Dynamics Chapter 12

Problem 12-1

A truck traveling along a straight road at speed v,, increases its speed to v, in time t. If its
acceleration is constant, determine the distance traveled.

Given:
km km
vi =20 — vp =120 — t=15s
hr hr
Solution:
V2 — Vi1 m
a-= a=1852 —
t 2
S
1
d=vits Eat2 d = 291.67 m
Problem 12-2

A car starts from rest and reaches a speed v after traveling a distance d along a straight road.
Determine its constant acceleration and the time of travel.

. ft
Given: v =80 — d = 500 ft
S

Solution:
2
Vv ft
v2:2ad a=— a=64—
2d 2
S
v = at t=— t=125s
Problem 12-3

A baseball is thrown downward from a tower of height h with an initial speed v,. Determine
the speed at which it hits the ground and the time of travel.

Given:

ft ft
h=50ft g=2322— vp=18—

Solution:

[ ft
vV = v02+2gh v =595—
S
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Chapter 12

*Problem 12—4

Starting from rest, a particle moving in a straight line has an acceleration of a = (bt + ¢). What

is the particle’s velocity at t; and what is its position at t,?

o
I

N
|

Given:

Solution:

t

a(t) = bt+c v(t) = J a(t) dt

0

v(ty) =0 % d(tp) = 80.7 m

t1 =65

t
d(t) = J
0

v(t) dt

to =11s

Problem 12-5

Traveling with an initial speed v, a car accelerates at rate a along a straight road. How long will it

take to reach a speed v;? Also, through what distance does the car travel during this time?

. km
Given: vop = 70 —
hr
Solution:
Vf = Vg + at

2 2
Vi =VQ +2as

km
a = 6000 —
hr
Vf— Vo
t =
a
Vi — Vo
S =
2a

km
vf = 120 —

hr
t=30s
S=792m

Problem 12-6

A freight train travels at v = vo(l -e bt) where t is the elapsed time. Determine the distance
traveled in time t;, and the acceleration at this time.
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Given:
Vo = 60 —
S
1
b=-
S
t1 =3s
Solution:

t
v(t) = vo(l - e_bt) a(t) = j—tv(t) d(t) = J v(t) dt
0

ft
d(ty) = 123.0ft a(ty) = 2.99 2

Problem 12-7

The position of a particle along a straight line is given by s, = at® + bt2 + ct. Determine its
maximum acceleration and maximum velocity during the time interval ty <t < t;.

. ft ft ft
Given: a:l—3 b:—9—2 c=15— tp =0s tf = 10 s
s
s S

Solution:

Sp = at3+bt2+ct

Vp :d—sp = 3at2+2bt+c

dt
2
d d
ag = —Vp =—=Sy = 6at+2b
p dtp dt2p

Since the acceleration is linear in time then the maximum will occur at the start or at the end.
We check both possibilities.
ft

dmax = max(6at0 +b,6atf + 2b) amax = 42_2
S

The maximum velocity can occur at the beginning, at the end, or where the acceleration is zero.
We will check all three locations.

b

ter = ter =35
Ccr 3a Ccr
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ft
Vmax = maX(3at02 + tho +C, Satfz + thf +C, 3atcr2 +2b tcr + C) Vmax = 135—
S

*Problem 12-8

From approximately what floor of a building must a car be dropped from an at-rest position
so that it reaches a speed v; when it hits the ground? Each floor is a distance h higher than the

one below it. (Note: You may want to remember this when traveling at speed v;)

. ft
Given: vf = 55 mph h =12 ft g =322 -
S
Solution:
2
2 Vf
ac =g vi =0+ 2acs H=— H = 101.124 ft
2ac
Number of floors N

Height of one floor h=12ft

N = N=28427 N = ceil(N)

The car must be dropped from floor number N = 9

Problem 12-9

A particle moves along a straight line such that its position is defined by s, = at® + bt? + c.
Determine the average velocity, the average speed, and the acceleration of the particle at time t;.

. m m
Given: a:l—3 b:—3—2 c=2m tp =0s t1 =4s
S S
LY
I
- > -
- . -
i
ol
III
Solution:
3 2 d d

Find the critical velocity where v, = 0.
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tp=15s Given  vp(tp)=0 tp = Find(t) th=2s
Vave = sp(ta) t—l sp(to) Voo — 4 ?
Vavespeed = [sp(t2) - sp(to)) :; [sp(t2) - sp(t2) Vavespeed - 6 %
a; = ap(ty) aj = 18 mz

s

Problem 12-10

A particle is moving along a straight line such that its acceleration is defined as a = —kv. If
v =Vywhen d = 0 and t = 0, determine the particle’s velocity as a function of position and

the distance the particle moves before it stops.

. 2 m
Given: k = — vg = 20 —
S S
d V
Solution: ap(v) = —kv v—Vv = —kv J 1dv=—ksp
ds Vo
Velocity as a function of position v =vg—ksp
Distance it travels before it stops 0 =vp—ksp
Vo
Sp = M Ssp=10m

Problem 12-11

The acceleration of a particle as it moves along a straight line is givenby a=bt+c. Ifs=5,
and v = vy when t = 0, determine the particle’s velocity and position when t = t,. Also,
determine the total distance the particle travels during this time period.

— sp =1m vg = 2 — t1 =65
2 S

. m m
Given: b=2 —3 c=-1
S S
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Solution:
v t bt2
J 1dv:J (bt+c) dt V=vg+—+ct
v 0 2
0
t 2
S
bt b c
J lds= Vg + — +ct|dt s:so+v0t+—t3+—t2
s 2 6 2
0 0
bty? m
Whent=1t; V1 :V0+T+Ct1 vy =32 —
S
b c
S1 = SQ+V0t1+Et13+Et12 S1 =67 m

The total distance traveled depends on whether the particle turned around or not. To tell we
will plot the velocity and see if it is zero at any point in the interval

2

bt
t =0,0.01ty .. t1 v(t) = vg+— +ct If v never goes to zero
2
then
d=51-5 d=66m
40 1=
v(t) 20— .
0 | |
0 2 4 6

*Problem 12-12

A particle, initially at the origin, moves along a straight line through a fluid medium such that its

velocity is defined as v = b(1 — e~). Determine the displacement of the particle during the time
o<t<t,.

. m
Given: b=18— cC=— t1 =35
S S
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Solution:

1
v(t) = b(l - e_Ct) sp(t) = J v(t) dt sp(t1) = 1.839 m
0

Problem 12-13

The velocity of a particle traveling in a straight line is given v = bt + ct2. If s= 0 whent =0,
determine the particle’s deceleration and position when t = t;. How far has the particle traveled

during the time t;, and what is its average speed?

. m m
Given: b:6—2 c:—3—3 tp =0s t1 =35
s s
] t
Solution: V(t) = bt +ct? a() = v 50 :J v(t) dt
t 0
. m
Deceleration a1 = a(ty) ag =-12 —
s
Find the turning time t,
th =15s Given v(tg) =0 tr = Find(tz) th=2s
Total distance traveled d = [sp(t1) — sp(t2)] + [sp(t2) — sp(to)| d=8m
d m
Average speed Vavespeed = m Vavespeed = 2.667 S

Problem 12-14

A particle moves along a straight line such that its position is defined by s = bt? + ct + d.
Determine the average velocity, the average speed, and the acceleration of the particle

when t=t;.
Given: b:lm2 c:—6m d=5m tp =0s t1 =65
S
S
Solution:
2 d d
Sp(t) = bt" +ct+d v(t) = d_tsp(t) a(t) = d_tv(t)

Find the critical time ~ tp =25 Given v(tp) =0  tp =Find(tz) tp =3

Splt1) — Splto
Vavevel = w Vavevel = 0 %
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[sp(ta) — sp(t2)] + |sp(t2) - sp(to)| g
0 Vavespeed = S

Vavespeed =

a] = a(tl) a] =2 EZ
S

Problem 12-15

A particle is moving along a straight line such that when it is at the origin it has a velocity v,

If it begins to decelerate at the rate a = bv/2 determine the particle’s position and velocity

when t=t;.

Given:

vo:4g b=-15 ms t] =25 a(v) = by/v
s

Solution:
V

1

de:Z(\/T/—\/v—o) - bt
VO

a(v) = by/v = %[v

2
v(t) = (\/v—o + %btj v(tg) = 0.25 %

1
sp(t) = J v(t) dt sp(ty) =35 m
0

*Problem 12-16

A particle travels to the right along a straight line with a velocity v, =a/ (b +s;). Determine its
deceleration when s, ='s

pl:
2
. m
Given: a=5— b=4m Spr=2m
S
dv _ a2
Solution: Vp = ba ap:vpd—p: ba a 5 = a 3
+5 S +5
p p P (b + Sp) (b + Sp)
2
-a m
ap1 = — ap1 = —-0.116 <
(b +sp1) S
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Problem 12-17

Two particles A and B start from rest at the origin s = 0 and move along a straight line such
that a, = (at — b) and ag = (ct, — d), where t is in seconds. Determine the distance between

them at t and the total distance each has traveled in time t.

Given:
ft ft ft ft
a=6— b=3— c =12 — d=8— t=4s
3 2 3 2
S S S S
Solution:
dvp at’
— =at-b vp = | — — bt
dt 2
o - |ar bt
A=lTe 2
dvg 2 ot ot di?
— =ct" —d vg = | — —dt sg=|——-——
dt 3s 12 s 2

Distance between A and B

o < |25 2 et ot dap = 46.33 m
AB= 176 "2 T12s 2 AB =75
Total distance A and B has travelled.
3 2 4 2
at bt ct dt
D= — - — 42— _ 2 D=70714 m

6 2 12s 2

Problem 12-18

A car is to be hoisted by elevator to the fourth floor of a parking garage, which is at a height h
above the ground. If the elevator can accelerate at a;, decelerate at a,, and reach a maximum

speed v, determine the shortest time to make the lift, starting from rest and ending at rest.

. ft ft ft
Given: h =48 ft a; =06 — ap =03 — v=_8—
2 2 S
S S
Solution: Assume that the elevator never reaches its maximum speed.
ft
Guesses tp=1s th =25 Vmax = 1 — hi1 =11t
S

Given Vmax = a111
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1 2
hy = —agt
1 211

0 = Vmax — a2(t2 - t1)

1
h=hy+ Vmax(tZ - tl) - Eag (t2 - t1)2
t
2

= Find(tl,tz,vmax,hl) to = 21.909 s
Vmax

h1

ft
Since Vmax = 4.382; < V= 8; then our original assumption is correct.

Problem 12-19 fﬁ'ﬁ_f -

e
A stone A is dropped from rest down a well, and at time t; another stone B is & F
dropped from rest. Determine the distance between the stones at a later time t,. A
i
ft i §
Given: d =80 ft tp =1s t)=2s g:32.2—2 i r!
S '. H
Solution: (I
ap =g VA = gt SAthZ .
e |
g 2 .
ag=g VB:g(t—tl) SB:E(t_tl) y i |
Attime t, .
ST
SpA2 = %tzz sp2 = 64.4 1t
sg2 = %(tz - t1>2 sg2 = 16.1ft
d = sp2 —sg2 d = 48.3ft

*Problem 12-20

A stone A is dropped from rest down a well, and at time t; another stone B is dropped from rest.

Determine the time interval between the instant A strikes the water and the instant B strikes the
water. Also, at what speed do they strike the water?

10
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. ft
Given: d =280ft t1 =1s g =322 -
S
Solution:
an=¢ VA = gt SAZ%IZ
g 2
ag =g vg = g(t—ty) 58 = (t-t)
Time to hit for each particle
2d
tA = [— ta = 2.229 s
g
/2d
tg = [—+11 tg = 3.229 s
g
At = tg —tp At=1s
Speed
ft
va = gta VB = VA vp = 71777 —
S

Chapter 12

=
3

b

Lo e e ——

e

e e et et

LR
Pataliy

ft
vg = 71777~

Problem 12-21

A particle has an initial speed v,. If it experiences a deceleration a = bt, determine the

distance traveled before it stops.

. m m
Given: Vo = 27 — b=-6—
S S3
Solution:
t2
a(t) = bt v(t) = b? + Vg
2vQ 3
— p(D)

t
sp(t) = b+ Vot

Problem 12-22

The acceleration of a rocket traveling upward is given by a, = b + ¢ s,. Determine the rocket’s
velocity when s, = s;; and the time needed to reach this altitude. Initially, v, = 0 and s, = 0 when t = 0.

11



Engineering Mechanics - Dynamics Chapter 12

i\
. m 1
Given: b=6— c=002— Sp1 = 2000 m
2 2
S S
Solution: aph
o dvp
ap =b+cCsy=vg—
p p p
dsp
J Vp dvp = J (b + csp) dsp T
0 0

2
V
p c 2
— =bsp+=s
2 PP

ds
p_ | 2 [ 2 m
Vp = =V 205+ Csp Vpl = 4/ 2bsp1 + Csp1 Vet = SAAR) <

th = ( ————ds, t3=19274s

S
P 1
t= ——ds
f 7 P f 2
2bsp+csp J 2bsp+csp
0 0

Problem 12-23 f‘P?H

The acceleration of a rocket traveling upward is given by a; =b +c s,.

Determine the time needed for the rocket to reach an altitute Sp1.- Initially, LY

v, =0ands,=0whent=0.

. m 1
Given: b=6— c=002— Sp1 = 100 m

2 2 {] | A
S S

Solution:
dv, :
p ¥
ap=b+csy=vp—
p p p
dsp

Vp Sp
J Vp dvp = J (b + csp) dsp
0 0

2
V
p cC 2
— =bsp+=s
2 PP

ds
p_ | 2 [ 2 m
Vp = =V 205+ Csp Vpl = 4/ 2bsp1 + CSp1 Vp1 = 37417 —

12
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t=| ———dsp t=| -————4ds t=562s

./2b5p+csp2 ./2b5p+csp2

0 0

*Problem 12-24

A particle is moving with velocity v, whens=0and t = 0. If it is subjected to a deceleration of

a=-k v3, where k is a constant, determine its velocity and position as functions of time.

Solution:
V t
d _ -1( _ _
a:—V:—kv3 J v3dv:J—kdt —(v 2—vo 2):—kt
0
v(t) = .
2kt + —
2
Vo
s t 1
ds = vdt Jlds: —1dt
0 2kt +| —
2
Vo
0

1 1 1
s(t) = —| [2kt+|—|——
k 2 Vo

Problem 12-25

A particle has an initial speed v, If it experiences a deceleration a = bt, determine its velocity
when it travels a distance s;. How much time does this take?

. m m
Given: vg = 27 — b=-6 3 s =10m
S S
Solution:
'[2 t3
a(t) = bt v(t) = bE + Vg sp(t) = bE +vgt
Guess tg =1s Given sp(ty)=s1 tp = Find(ts) t; = 0.372 s

m
v(t1) = 26.6 <

13
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Problem 12-26

:"‘J i i
Ball A is released from rest at height h; at the same time that a
second ball B is thrown upward from a distance h, above the —r
ground. If the balls pass one another at a height h; determine the ‘w
speed at which ball B was thrown upward. :
i f
Given: "
|— =]
hy =40 ft
|
hp =5 ft i1
hz = 20 ft == W ,r.
l
g =322 Ez . L0
S
Solution:
For ball A: For ball B:
ap =-¢ ag = -9
va = —0t VB = —gt+vpo
Sp = _—gt2+h1 sg = _—gt2+VBot+h2
2 2
ft
Guesses t=1s vgo = 2 —

Given hz = (—79),[2 + hy hz = (—79),[2 +vgot+ho

t : ft
= Find(t, vgo) t=1115s VBo = 31.403 —
VB0 )

Problem 12-27

A car starts from rest and moves along a straight line with an acceleration a = k s71/3,
Determine the car’s velocity and position at t = t;.

Given: k = — t1 =65

14
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Solution:
Sp
-1 v 9 -1 2
Vv 3
a1=vd—v=ks|o3 J vdv = — = ksp3 ds=—ksp3
dsp 0 2 0 2
S
1 P 2
3
v=yEks® =L Vakt= | sy dsp==sp°
dt 0 2
3

2
sp(t) = [@j sp(t1) = 41.6 m

_d _ m
v(t) = O|tsp(t) v(t1) = 10.39 S

*Problem 12-28

The acceleration of a particle along a straight line is defined by a, =b t+c. Att=0, s, =S
and v, = vy When t =t determine (a) the particle’s position, (b) the total distance traveled,
and (c) the velocity.

. m m m
Given: b=2— c=-9— Spo =1m Vpo = 10 — t1 =9s
3 2 S
S S
Solution:
ap =bt+c
b)) 2
Vp = Et +Ct+Vpo
b\ 3 c).2
59:(3} +(E)t +Vpot+Spo
a) The position Syl = bt3+ ¢ t2+v t1 +5 Sp1 = —30.5 m
p1—61 21 p0t1l * 5p0 pl = g

. . o b
b) The total distance traveled - find the turning times Vp = (Ejtz +ct+vpp=0

- 02 —2bvp

tr = tp =1.298 s
2 b 2

15
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—c+,/02 - 2bvp
t3 = t3 = 7.702 s

b
b) 3 c) 2
Sp2 = 5 to” + Py t2" +vpot2 + Spo Sp2 = 7.127 m
b) 3 c 2
Sp3 = 5 t3~ + Etg +Vpot3 + Spo Sp3 = —36.627 m
d = |sp2 = spo| + |Sp2 — 5p3| + |sp1 — Sp3 d = 56.009 m
. b) 2 m
c) The velocity Vp1 = P t1” +cty + Vvpo Vp1 = 10 —
s

Problem 12-29

A particle is moving along a straight line such that its acceleration is defined as a = k s2. If
Vv =VyWhens = sy and t = 0, determine the particle’s velocity as a function of position.

. 1 m
Given: k=4 — Vo = -100 — spo = 10m
ms S
Solution:
d ' P
a=v—vV = ksp2 J vdv = J ksp2 dsp
dsp Vo $p0
22 - v0?) = 2Hls® - 50°) 2’
EV -Vvo ) = ZK\sp~ —spo V= [Vpg +§ksp - Spo

Problem 12-30

A car can have an acceleration and a deceleration a. If it starts from rest, and can have a
maximum speed v, determine the shortest time it can travel a distance d at which point it

stops.

. m m
Given: a:5—2 v =60— d = 1200 m

s s
Solution: Assume that it can reach maximum speed
Guesses t1=1s th =25 t3 =3s dg=1m d=2m
1

Given aty =v Eatlz =d dp =dq + V(t2 - tl)

16
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1

d= d2+v(t3—t2)—za(t3—t2)2 O:V—a(tg—tz)
!
to t 12

_ d1 360
t3 | = Flnd(tl,tg,tg,dl,dz) to|=]120|s = m

do 840
d2
t3 =325

Problem 12-31

Determine the time required for a car to travel a distance d along a road if the car starts from
rest, reaches a maximum speed at some intermediate point, and then stops at the end of the
road. The car can accelerate at a, and decelerate at a,.

2

. m m
Given: d=1km a; =15 — ap =2 >
S S

Let t; be the time at which it stops accelerating and t the total time.

. m
Solution: Guesses t;y =1s d;=1m t=3s vi =1—
s

ai
Given di = ?'[12 vi=aity V] = az(t - tl)

1
d=dy + vl(t - tl) - Eag (t - t1)2

m
= Find(t1,t,vq,dq) t] =27.603s vy =41.404 — di =571.429 m
S

t =48.305 s

*Problem 12-32
When two cars A and B are next to one another, they are traveling in the same direction with

speeds v, and v, respectively. If B maintains its constant speed, while A begins to decelerate
at the rate a,, determine the distance d between the cars at the instant A stops.

17
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A B

m.

' d
Solution:
Motion of car A:
1 2
—ap = constant 0 =vap — apt SA = vaot — EaAt
2
VAO VAO
t=— SA - —
aa 2ap
Motion of car B:
VB0 VAO
ag =0 VB = VBQ sg = vgot SB =
ap

The distance between cars A and B is

2 2
VBOVAD  VAO 2VBQ VAQ — VAD
d=lss-sal = |— =5 | = 2

A an an

2
2VBQ VAQ — VAOD
2ap

Problem 12-33

If the effects of atmospheric resistance are accounted for, a freely falling body has an acceleration

defined by the equation a = g(l - cvz), where the positive direction is downward. If the body is
released from rest at a very high altitude, determine (a) the velocity at time t; and (b) the body’s

terminal or maximum attainable velocity as t —>co.

2
. m _4 S
Given: t1 =5s g:9.81—2 c =10 4—2
S m
Solution:
dv 2
a a=—=g9g\l-cv
@ 2 =gl1i-c)
m
Guess v1 =1—
S
V1 {1
. 1 . m
Given dv = ‘[ g dt V] = Flnd(vl) vy = 45.461 —
1-cv 0 S

18
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(b)  Terminal velocity means a =0

2 1 m
0= 9(1 — CVterm ) Vterm = /; Vterm = 100 S

Problem 12-34

As a body is projected to a high altitude above the earth’s surface, the variation of the acceleration
of gravity with respect to altitude y must be taken into account. Neglecting air resistance, this

acceleration is determined from the formula a = —g[R%/(R+y)?], where g is the constant
gravitational acceleration at sea level, R is the radius of the earth, and the positive direction is

measured upward. I1f g = 9.81 m/s? and R = 6356 km, determine the minimum initial velocity
(escape velocity) at which a projectile should be shot vertically from the earth’s surface so that it

does not fall back to the earth. Hint: This requires thatv=0as y — .

Solution: g = 9.81 mz R = 6356 km
S
2
—-gR
vdv = ady = g—zdy
(R+y)
0 [OO 1 _V2
J vdv=—gR2 —zdy — =R
v J (R+vy) 2
0
k
v =4/29R V= 11.2—m
S

Problem 12-35

Accounting for the variation of gravitational acceleration a with respect to altitude y (see
Prob. 12-34), derive an equation that relates the velocity of a freely falling particle to its
altitude. Assume that the particle is released from rest at an altitude y, from the earth’s

surface. With what velocity does the particle strike the earth if it is released from rest at
an altitude y,. Use the numerical data in Prob. 12-34.

Solution: g = 9.81 mz R — 6356 km  yp = 500 km
S
2
gR
vdv = ady = g—zdy
(R+Y)

19
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0 (R+ y)2
Yo
2 2
v_2_ng 1 1) R~y L [ 29”0y
2 R+y R+yp (R+y)(R+yo) (R+y)(R+yo)
- 29Ryo k
When it hits, y = 0 Vearth = Vearth = 3.016 —
R+ vyo S

*Problem 12-36

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

acceleration can be expressed as a = (g/vfz)(vzf— v2), determine the time needed for
the velocity to become v < ;. Initially the particle falls from rest.

Solution:

dv rv 1 t
_Za:%(VfZ—VZ) > ZdV:%J 1dt
dt Vf J Vi —V vi “0

0

1 V§+V g Vf V§+V
—1n = — |t t=—In
2vf \vf—v Vf2 29 Vi—V

Problem 12-37

An airplane starts from rest, travels a distance d down a runway, and after uniform acceleration,
takes off with a speed v, It then climbs in a straight line with a uniform acceleration a, until it

reaches a constant speed v,. Draw the s-t, v-t, and a-t graphs that describe the motion.

Given: d = 5000 ft vy = 162 %
]

a, =31 vy = 220 M
a — 2 a — h

s r
Solution:  First find the acceleration and time on the runway and the time in the air

2
Vr ft Vr
— ar = 5.645— tr = — tr = 42.088 s
2d 2

ar =
s ar

20
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80

Va - Vr
ta = ta = 28356 S
ag
The equations of motion
tl = 0,00ltrtr
2
S S 1 21
ailt1) = ap— vi(t1) = art1 — s1(t1) = —arty” —
1(1) & 1(1) ri 1(1) Hartl o
t2 = tr, 101tr tr + ta
32 S
ag(tz) = aaﬁ V2(t2) = I:artr + aa(tz - tr)]ﬁ
1 2 1 211
52 (t2) = —ar tr + artr(tz — tr) + —aa (t2 — tr) —
2 2 ft
The plots
15.10%
E= 4 o
110" Prad .
S osq(t e
s 1( 1) -
g st2)
2 - 5000 [~ ’ .
&)
0 | | | | | |
0 10 20 30 40 50 60 70
t1,t
Time in seconds
400
S
s
s ww) |
2 00 [~ -
3 valte)
(5]
>
0 | | | | | | |
0 10 20 30 40 50 60 70 80

t1,t
Time in seconds
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6 I I I I
(9]
<
[%2]
=
B= a]_(t 1)4
s — |
g o) | _
(5]
©
(&)
o
< 0 | | | | | | |

0 10 20 30 40 50 60 70 80

t1,to
Time in seconds

Problem 12-38

The elevator starts from rest at the first floor of the building. It can accelerate at rate a; and then
decelerate at rate a,. Determine the shortest time it takes to reach a floor a distance d above the
ground. The elevator starts from rest and then stops. Draw the a-t, v-t, and s-t graphs for the

motion.
. ft ft
Given: a1:5—2 a2:2—2 d = 40 ft
S S
i -
Solution: Guesses tp =1s t=2s
d1:20ﬁ Vmale_
S
; 1 2 e p—
Given Vmax = a1t1 di = Eal t1 Vmax = ag(t - tl)
1 ) —
d=dy + Vmax(t - tl) - Eag (t - tl)
t1
t . ft
o |- Find(t1,t,d1, Vmax) dy = 11.429ft  t; = 2138 S Vpax = 10.69—
1 S
Vmax t=7483s

The equations of motion

tag = 0,0.01t;..11 tg = t1,1.01ty .. t
82 82
aa(ta) = a1 — ag(tq) = —ap —
a( a) 1 ft d( d) 2 ft
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S S
Va(ta) =a taE Vd (td) = [Vmax - aZ(td - tl)]ﬁ
1 21 1 2|1
salta) = Saata? S salt) = a1 + vt - 1) - Saaa - )|

The plots

< 5 7
(%]

£

E aa(ta)

o

g 2ol .
2

(5]

S | e

<

-5 | | | | | |
0 1 3 4 5 6 7 8
tavtd
Time in seconds
15

2

= Va(ta)Lo B \\“\\ 7

2 ‘NN\‘~~

g valta) | _

&) DS

> -\-\\‘~~

0 | | | | | B
0 1 2 3 4 5 6 7 8

taatd
Time in seconds
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o1 1 1T T T = =
E Sa(ta) ///’//’
8 0 — ///’
5 sltef
5 //
0 | | | | |
0 1 2 3 4 5 6 7 8
taatd
Time in seconds
Problem 12-39
If the position of a particle is defined as s = bt + ct?, construct the s-t, v—t, and a—t graphs for
0<t<T
Given: b=5ft c=-3ft T=10s t=0,001T..T
2\1 S 32
Solution:  sp(t) = (bt+ct )— v(t) = (b+ 2ct)— a(t) = (2¢)—
ft ft ft
200
£
5 0 7
£ sp®)
8 — L _
E’ 200
&)
-400 | | | |
0 2 4 6 8 10
t
Time (s)
50 T T
»
£
>
Ks)
i)
(5]
>
-100 | | | |
0 2 4 6 8 10
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-5.99
~
R -5.995 =
E
c
2 a(t) -6
©
3
§ —6.005 [~ .
< _ | | | |

6.01

0 2 4 6 8 10
t
Time (s)

*Problem 12-40

If the position of a particle is defined by s, = b sin(ct) + d, construct the s-t, v-t, and a-t graphs

for0<t<T.
. T 1
Given: b=2m C:E_ d=4m T=10s t=0,001T..T
S
Solution:
. 1
sp(t) = (bsin(ct) +d)—
m
S
vp(t) = bccos(ct)a
2 . S
ap(t) = -bc sm(ct)—2
m
6
e
£
[<5] —
E sp(t) 4
2
&)
2 | | |
0 2 4 6 8 10

Time in seconds
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Velocity in m/s
<
=
o
|
|

0 2 4 6 8 10
t
Time in seconds
1
(9]
<
R
e
g=
S ap oK
=
g
(5]
3
<
-1 | | | |
0 2 4 6 8 10

Time in seconds

Problem 12-41

The v-t graph for a particle moving through an electric field from one plate to another has the shape
shown in the figure. The acceleration and deceleration that occur are constant and both have a
magnitude a. If the plates are spaced s, apart, determine the maximum velocity v,,,, and the time t;

for the particle to travel from one plate to the other. Also draw the s-t graph. When t = t/2 the
particle is at s = S, /2.

Given: : e

[]

m
a=4—
2

S

N

Smax = 200 mm

! |
i

Solution:

2
1 (t ] B : “
Smax = Z{Ea(gj } toi2 f

26




Engineering Mechanics - Dynamics Chapter 12

4Smax
tf = tf = 0.447 s
a
tf m
Vmax = a— Vmaxzo.894 —
2 S
The plots
4 = 0,001t~ s(t)—lat21
1 =0,001t.. > 1lt) = Jat —
2 2
- 101 s(t)—lat P P A I A A
2=y 2\2) = 1272 2\272) 2?7 2) [m
0.2 —= —
= S]_(tl) //’
8 Ar - -
§ 52(t2
L TTTTT
&
0 | | | | | | |

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

t1,t
Time in seconds

Problem 12-42

The v-t graph for a particle moving through an electric field from one plate to another has the shape
shown in the figure, where t; and v, are given. Draw the s-t and a-t graphs for the particle. When

t = t;/2 the particle is at s = s_.

Given: = Sy -
tf =02s .
i &
m
! man ' 7
SC =05m
Solution:
2Vmax m /
a= a=100 — FR<] ' '
tf s2 ki £ H
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The plots
2
tf 1 1 S
t1 = 0,001tf5 Sl(tl) = Eatlza al(tl) = aH
2 2
t _ 101'[f t s2(t2) = la i +atft i la RARE
2=yt 22) =122 2\ 27 2) 2% %72
S2
ag(tg) =-a—
e e S e
c ////,
= S]_(tl) 7
8 5 g -
g st
B -----
a
0 | | |
0 0.05 0.1 0.15 0.2
t1,t2
Time in seconds
100 —
N
<
O
e
= al(t]_)
S 0 -
£ ayty)
g -
(5]
3
<
-0~  mmmmmmsmsmememooo—oeoe—o—oooooooo- -
| | |
0 0.05 0.1 0.15 0.2
t1,t

Time in seconds

Problem 12-43

A car starting from rest moves along a straight track with an acceleration as shown.

the time t for the car to reach speed v.

28
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Given:

=50 —
S
a; =8 m
1=
S
tt =10s
Solution:

Assume that t > t;

Guess t=125s

ai tg
Given v=— > + al(t - t1)

Chapter 12

t = Find(t)

t=1125s

*Problem 12-44

A motorcycle starts from rest at s = 0 and travels along a straight road with the speed shown by the
v-t graph. Determine the motorcycle's acceleration and position when t=t,and t = t;,

Given:

m
vp =5 —

S
t1 =4s
tp =10s
t3 =155
tg =8s
tg =125

Solution: At t =1ty

Because t; < tg <ty then

1
S4 = EVO L + (t4 - tl)VO

At t =tg Because to < tg < t3 then

as

29

f

dv
ayu=—-=0
4
S4 =30 m
ag = 1m
5=

S
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. 1 11315
5 =5vo+ voltz —ta) + EVO(tS ~t2) - 213-1

vo(t3 - ts)

S5 =48 m

Problem 12-45

From experimental data, the motion of a jet plane while traveling along a runway is defined by
the v—t graph shown. Construct the s-t and a-t graphs for the motion.

Given: #(m/s) x—i
R\ e,

m e — peseoooOn ——
=80 =
tt =10s
to =40s ﬁ
i
Solution: ! ! 1(s)
I Iz
V1 m
kp = — kp =0~
t1 82
1 2 52
71 = 0,0.01t7 .. 11 31(71) = (Eklrl ) m al(fl) = kg —
m
1 2 &
2 =11,1.01t1 ..t 32(72) = (Vlz'g _Ekltl ) m aZ(TZ) = ko —
m
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3000
€ 000 _
T:/ Sl(‘r]_f P
S Pty
3 52(12)
S - 1000 [~ .
0 / ! ! ! ! !
0 5 10 15 20 25 30 35 40
71,72
Time (s)
10 T T
N
<
R
=
‘g a]_(rl)S_ ]
2
® aslr
g aln)
(5]
g
0C | R R T L L ]
0 5 10 15 20 25 30 35 40
71,72
Time (s)

Problem 12-46

A car travels along a straight road with the speed shown by the v—t graph. Determine the total
distance the car travels until it stops at t,. Also plot the s-t and a-t graphs.

Given:
tt =30s
tp =48s
m "
Vo =6 —
S
Solution:
Vo
k1 = —
§]
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Vo
-y

ko

1
71 = 0,0.01t1 .. 11 s1(t) = (Ekltz)

ai(t) =k ag(t) = ko

ko
o =11,1.01t1 ..ty Sp(t) = [sl(tl) +(vo + katg)(t - t1) - ?(tz - tlz)}

d = s2(t) d=144m
200
/é\ IS
;’ S]_(T]_) ///’
c )’lOO — i
g sz
[a)
0 | | |
0 10 20 30 40 50
71,72
Time (s)
~ 0.2 7]
N
<
X%
S
= air1) of .
2
g 2l
g 0.2 —
5
- | | | |
0.4
0 10 20 30 40 50
71,72
Time (s)
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Problem 12-47

Chapter 12

The v—t graph for the motion of a train as it moves from station A to station B is shown. Draw
the a—t graph and determine the average speed and the distance between the stations.

120

Given:
t1 =30s
v (ft/s)
t2 — 90 S T | BT | ]
t3 = 120 s
ft !
vi =40 —
S
4 } {(s)
! _f_'. I
Solution:
71 = 0,0.01t7 .. 11 9 =11,1.01t1 ..t 73 = t7,1.01ty .. t3
2 2
Vis V1 s
ag(t) = —— a(t) =0 az(t) = —
1(9) oy T 2(1) 3(1) P
1.10°
~
2 air)s405 | =
§ 2(n)
=
= a3(73) OF = e —
8
<
5.10° | | | | |
0 20 40 60 80 100
71,72,73
Time ()
1 1
d= Evl t1 + V1(t2 - tl) + Evl(t?’ - tz) d = 3600 ft
d ft
speed = — speed = 30—
t3 S
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*Problem 12-48

The s—t graph for a train has been
experimentally determined. From the data,
construct the v—t and a—t araphs for the
motion; 0 <t <tp. For 0 <t <tg, the

Fa1

Chapter 12

curve is a parabola, and then it becomes ,f"
straight for t > t1. /
/
Given: 1 /‘f
t] =305 /
t) = 40 _—— r
51 = 360 m I g
Sp = 600 m
Solution:
S1 $2-%1
=7 k=34
t1 2— U
71 = 0,0.01t7 .. 11 2 =11,1.01t1 ..t
2
sp1(t) = kgt vi(t) = 2kqt ai1(t) = 2kp
sp2(t) = spa(t1) + ka(t - t1) va(t) = ko ap(t) =0
30
€ w(afr B
2
8 valz
3 ---(--)10 B -
>
0 | | | | | | |
0 5 10 15 20 25 30 35 40
71,72
Time (s)
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1
~
<
X
S
= al(flb.5— _
=t
® aslr
g aln)
(5]
g o e ~
| | | | | | |
0 5 10 15 20 25 30 35 40
71,72
Time ()

Problem 12-49

The v-t graph for the motion of a car as if moves along a straight road is shown. Draw the
a-t graph and determine the maximum acceleration during the time interval 0 <t <t,. The car

starts from rest at s = 0.

Given: v
— A% e
tg1 =10s “—é)" = “‘"@1—-:.
tp =30s
ft
vp =40 —
S ¥a
ft
vy =60 — Vi
S Vi
fl
Solution: p
t .
2v1 S2 1 i
71 = 0,0.01t7 .. 11 al(rl) =1 T]_F
1
t1,1.01t7 ..t az(72) 2V S
79 = , L. .. T = -
2 1 1.-12 2\ 72 -t ft
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10

Chapter 12

Acceleration in ft/s"2

71,72

Time in seconds

V1
amax = 2 — t amax = 8—
t1 S

Problem 12-50

The v-t graph for the motion of a car as it moves along a straight road is shown. Draw the s-t
graph and determine the average speed and the distance traveled for the time interval 0 < t <t,.

The car starts from rest at s = 0.

Given:
tt =10s

tp =30s

ft
V1=40z

ft
vy =60 — )
S ¥2

Solution: The graph

3
Vi1

11 =0,001t1.t1  s(rp) = —=—=

tl23ft

vity
2 =11,1.01t7 ..t

36
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1500
= -
000 [~ =7 7]
£ s -
= i1}
g )
2 ----- 500 [~ = 7]
a e
0 4 | | |
0 5 10 15 20 25 30
71,72
Time in seconds
2
. vity v2-vi(ta—-1g
Distance traveled d=—+ v1(t2 - tl) + ( ) d=1.133 x 1O3ft
3 to—-11 2
d ft
Average speed Vave = o Vave = 37.778 —
2 S

Problem 12-51

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

to evaluate vats = s;.

Given:
ft [
2
S
ff ¢=10
ap =6 — '
2 > - ;
S - 573 _"'
s = 100 ft
4 b
s3 = 125 ft § \
Solution:

Since sp = 75ft < s; = 100ft
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2 S S
d V2 2 2 ft
a=v—v — = ads vo = |2 ai ds vy = 27.386 —
ds 2 Jy 0 S
Since s3 = 125ft > s1 = 100ft
S
(3 5
S 3
! ‘ S ft
v3 = |2 aj ds+2 aj+ay| [— - ds vy = 37.444 —
0 J b s
S1
*Problem 12-52
A man riding upward in a freight elevator accidentally drops a package off the elevator when
it is a height h from the ground. If the elevator maintains a constant upward speed v,
determine how high the elevator is from the ground the instant the package hits the ground.
Draw the v-t curve for the package during the time it is in motion. Assume that the package
was released with the same upward speed as the elevator.
. ft ft
Given: h = 100 ft vog =4 — g =322 -
S S
1.2
For the package a=-¢ v=yvg-gt s=h+vot—5gt
When it hits the ground we have
1 V0+,/V02+Zgh
0=h+vgt— =gt t = t=262s
2 9
For the elevator sy = Vot+h sy = 110.5ft
S
The plot 7 =0,001t..t v(r) = (vo - gr)ﬁ
50
2
= or N
2 W)
3 50 |- —
(5
>
-100 | | | |
0 0.5 1 15 25 3

Time in seconds
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Problem 12-53

Two cars start from rest side by side and travel along a straight road. Car A accelerates at the
rate a, for a time t;, and then maintains a constant speed. Car B accelerates at the rate ag until

reaching a constant speed vg and then maintains this speed. Construct the a-t, v-t, and s-t
graphs for each car until t = t,. What is the distance between the two cars when t = t,?

. m m m
Given: aA=4—2 t1 =10s a|3=5—2 vg = 25 — tp =155
s s s
Solution:
Car A:
2
S S 1 1
71 = 0,0.01t7 .. 11 aj(t) = ap— vi(t) = apt— s1(t) = —aAtZ—
m m 2 m
52 s
o =11,1.01t1 ..t ax(t) =0— vo(t) = Vl(tl)—
m m
1 2 1
so(t) = |:EaAt1 + aAtl(t - tl)j|—
m
VB
Car B: t3 = —
ap
52 S 1 21
3 = 0,0.01t3.. 13 az(t) = ap— v3(t) = agt— s3(t) = —agt™—
m 2 m
s
74 = t3,1.01t3..to as(t) =0 v4(t) = agtz—
m
1 2 1
sq(t) = |:Ea|3 t3” + ap t3(t - t3)j|—
m
Car A CarB
| | |
51 . 5 .
N N
< <
L L
S S
= al(rl) = a3(z'3)
S S
5 ay(2) 5 a4(4)
2 T 2 T
[<5] [<5]
3 or - . 3 O s =
< <
| | |
0 10 20 0 5 10 15
Tl’ 2'2 2-33 2'4
Time in seconds Time in seconds
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Car A CarB
| |
o s N 40 - N
«{ «{
e e
c vi(n1) = v3(z3)
> > - |  fSTTTTTTTT 7T
g valrabo- - g valrabo|- -
(5] (5]
> >
| |
0 0
0 10 20 0 10 20
7'-1’ T2 7'-3’ T4
Time in seconds Time in seconds
Car A CarB
400 I I 400 I I
£ £
S S]_(z']_) ,/’ = 53(2'3) /,/
8 00 - - 8 00 - -
g sl & seaf .
_____ m - --- //
[a) R
0 | | 0 /I |
0 5 10 15 0 5 10 15
Tl’ T2 T39 T4
Time in seconds Time in seconds

1 1
Whent=t, d = EaAtlz + aAtl(tg - tl) - [EaB t32 + ap t3(t2 - tg):H

d=875m

Problem 12-54

A two-stage rocket is fired vertically from rest at s = 0 with an acceleration as shown. After time t;

the first stage A burns out and the second staae B ignites. Plot the v-t and s-t graphs which describe
the motion of the second stage for 0 <t < tp,
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Given: i cg‘ll'- B
tt =30s A
lfl'_l §
t) = 60s e
ag =9 m
1= 2 i)
s
ap =15 m
2=
s
t fis)
Solution:
0,0.01t; ..t vy (1) 1 s1(r1) 1l
71 = , U, 1--01 1) =——— 1Hr1) = ———
tl2 3 m tl2 12 m
aity
2 =11,1.01t7 ..t Vg(rz) = 3 + 32(72 - tl) o
a”  apt 1) |
14 14 2— W) |s
32(72) = T + 3 (72 - tl) +ap H
600
w ///
£ L _
£ viaf®
= L
3 -V-Z-(-T-Z%oo - -
S L
0 ! _/r/l | | |
0 10 20 30 40 50 60 70

Tl, 2’2
Time in seconds

41



Engineering Mechanics - Dynamics Chapter 12

15-10%
(= 4
1.10% | - .
£ slz ,
< 1(71)
g o) 5000 - i
A L
0 | LT | |
0 10 20 30 40 50 60 70

T]_, 7,'2
Time in seconds

Problem 12-55

The a—t graph for a motorcycle traveling along a straight road has been estimated as shown.
Determine the time needed for the motorcycle to reach a maximum speed v,,,, and the distance

traveled in this time. Draw the v—t and s—t graphs.The motorcycle starts from rest at s = 0.

Given

tt =10s

tp =30s

a; =10 ft

1=

s
ag = 20 !
2=
s
ft
Vmax = 100 - 1 A i
S h fa
Solution: Assume thatt; <t<t,
71 = 0,0.01t7 .. 11 2 =11,1.01t1 ..t
t 2a; \/*3 4aq \/’5
ap1(t) = a1 [— Vp1(t) = t sp1(t) = t
t1 3./t 15,/t1
t—1t1

ap2(t) = (ap—a +a

2(t) = (a2 1)t2—t1 1
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ay —ag (t - tl)z

sz(t) = > — + al(t - tl) + Vpl(tl)
3
az —aj (t - tl) ag 2
Sp2(t) = +—(t—=1t1) +Vvp1ltg )t —11) + Sp1it
p2(0) = —5— =+ 7 (1) vpa(t)(t-t) + spa(t)
Guess t=1s Given Vp2(1t) = Vmax
t = Find(t) t=13.09 s
d = sp2(1) d = 523ft
s s
vi(t) = Vpl(t)ﬁ va(t) = sz(t)ﬁ
1 1
sp(t) = Spl(t)ﬁ s2(t) = sz(t)ﬁ
400
g ///,
& Vl(rl) //’/
2 foo = 7
§ V2(2'2 =T
o 2\% -
< e
0 / | | |
0 5 10 15 20 25
71,72
Time (s)
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6000
£ 000 e
§ S]_(‘r]j1 ///,
g sn)
a 2000 [ .
0 Ly | | |
0 5 10 15 20 25 30
71,72
Time (s)

*Problem 12-56

The jet plane starts from rest at s = 0 and is subjected to the acceleration shown. Determine the
speed of the plane when it has traveled a distance d. Also, how much time is required for it to
travel the distance d?

Given:
d = 200 ft
ap = 75 ft
0=™7
S
sy = 500 ft
Solution:
S
a= ao(l - —)
$1
2
d
vg = [2ag/d - —
231
t d d
ds 1 1
V=— Jldt:(—ds t:”—ds t=239 s
dt 0 J v 2
S
0 J 2ag| s — —
251
0
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Problem 12-57

The jet car is originally traveling at speed
Vo When it is subjected to the

acceleration shown in the graph.
Determine the car’s maximum speed and
the time t when it stops.

Given:
m »
Y0 =207 | \
s
ag = 10
0 - 2 I
S T 1 !
tl =20s 1 -.
Solution:
t t t
a(t) =ag|1-— v(t) = vp +J a(t) dt sp(t) = J v(t) dt
t1 0 0
Guess tstop = 305 Given  V(tstop) = 0 tstop = Find(tstop)
m
Vmax = V(t1) Vmax = 120 —  ttop = 41.909 s
S

Problem 12-58

A motorcyclist at A is traveling at speed v; when he wishes to pass the truck T which is
traveling at a constant speed v,. To do so the motorcyclist accelerates at rate a until reaching a
maximum speed vs. If he then maintains this speed, determine the time needed for him to reach
a point located a distance d4 in front of the truck. Draw the v-t and s-t graphs for the
motorcycle during this time.

Given:
vy = 60 — d]_ = 40 ft (Vi) (V)2
s — —
ft q 41"!'1 L]
vo = 60 — = b5 ft .
=0 % - 5 " |
ft B |
v3 =85 dg =100t g g, g
ft
a=6—
2
s
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Solution: Let t; represent the time to full speed, t, the time to reache the required distance.

Guesses tt =10s to =20s

. 1
Given V3 =Vq +aty dy+dp+d3+voty = vty + Eatl2 +v3(tz - 1)
t1
o= Find(t1, t2) t] = 4.167 s tp = 9.883 s
2

Now draw the graphs

71 = 0,0.01t7 .. 11 31(71) = (Vlz'l + %arlzjf—lt le(rl) = (Vl + arl)f—st
1 1
2 =11,1.01t7 ..t 32(72) = |:V1 t1 + Eat]_2 + V3(72 - tl)}ﬁ Vm2(T2) = V3%
90
E V(1O [ b
>
S sz(fz ]
S -5
>
60 | | | |
2 4 6 8 10
71,72

Distance in seconds

1000
= ———/—_/,,
GE) Sl(z'l) ——/——__,,
o 500 [~ .
S 82(12) i
B ol
O /
0 | | | |
0 2 4 6 8 10
71,72

Time in seconds
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Problem 12-59

The v-s graph for a go-cart traveling on a
straight road is shown. Determine the
acceleration of the go-cart at s; and s,.

Draw the a-s graph.

©

Chapter 12

Given:
m
V] =8 — s3 =50m
S
s1 =100 m sS4 =150 m iy i ‘
Sp =200 m
Solution:
dv Vi s3 V1 m
FOI’0<S<S]_ a=V— =V— a3:_vl_ 3.3:032—
ds S1 s1 781 52
dv V1
For s <s<$sp a=v— = —
ds S2 —S1
S2 — 84 V1 m
a = v ag =032 —
S$9—-S1 ~S2—9S1 52
2
o1 Vi 32
o1 = 0,0.01s1..51 31(01) - - =
S1 S M
2 2
S2—02 V1 S
oy = 51,1018 .. 5 ag(op) = 3
S$2—81 S2—S1 M
1
(9]
»
= 05 _
= al(al)
S 0 -
S ag(oy)
e i
2 -05F e |
(&) -
<
-1 | | |
0 50 100 150 200
01,02
Distance inm
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*Problem 12-60

The a—t graph for a car is shown. Construct the v—t and s—t graphs if the car starts from restat t =
0. Atwhat time t' does the car stop?

Given: 3
m
a; = 5 _2
S = G =T O @)
m
a2 - _2 _2 |J|
S
t1 =10s
Solution: g
al |
k = - Ll
§]
{2 3
ap1(t) = kt vp1(t) = |(E Spa (D) = kE
aPZ(t) = a sz(t) = Vpl(tl) + az(t _ tl)

Spg(t) = Spl(tl) + Vpl(tl)(t - tl) + %az (t - t1)2

Guess t' =125 Given vp2(t) =0 t' = Find(t") t'=225s
71 = 0,0.01t7 .. 11 2 = 11,1.01t .. '
30
é Vp]_(‘rl)zo B \\ —
> T~
S v 2172 \\
2 vl )10— =
> \\\\
0 | | | L
0 5 10 15 20 25
71,72
Time (s)
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300
=3 L T _
S sp1( 7170
o -
g s 2(12)l 2
z __p___ 00 /// —]
[a) //
0 | | |
0 5 10 15 20 25
71,72
Time (s)

Problem 12-61

The a-s graph for a train traveling along a straight track is given for 0 < s < sp. Plot the v-s
graph. v=0ats=0.

)

Given:
S1 =200 m
[Freresrar|ieeraana e afj ==
sp =400 m r——%rm g o
ag =20
1=7
S
Solution: a
o1 = 0,0.01s1..51
o2 =51,101s1..5

¥ ¥a

For 0<s<sg k=— ac1 = ks
s1
v S 2
dv Vv k 2 S
a=ks=v— vdv:Jksds — =—5 v =y kop—
ds JO 0 2 2 1(01) \/—Ulm
dv v S
For s1 <s<sp ac2 = a1 a:ks:vd— J Vdv:J alds
S Vi 1
2 V12
v 2°S
?_—2 :al(S—Sl) Vz(az) :\/2&1(0'2—81)+k81 E
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40
e
= e
£ Vl(Ul)
2 0 - m
3 vooo
(5]
>

0 | | | | | | |
0 50 100 150 200 250 300 350 400
0'1, 0'2
Distance in m

Problem 12-62

The v-s graph for an airplane traveling on a straight runway is shown. Determine the
acceleration of the plane at s = s; and s = s,. Draw the a-s graph.

Given:
¥
S1 =100m s4 =150 m
m
Sp =200m vq =40 —
S
V4
m
s$3=50m vp =50— Wyl
S .
Solution:
dv
a=v—
ds
¥
s3 V1 m
0<s3<sy a3 =|—|v1| — a3 =8 —
1 S1 2
S
S4 —$1 Vo — V1 m
S1 <S4 <% ag = v+ (v2 - v1) ag = 45 —
Sp —S1 Sp —S1 52
The graph
o1 Vi 32
o1 = 0,0.01s1..51 31(01) - - =
S1 S M
_ _ 2
02 —S1 V2 —=V1s
oo =51,1.01s1..5 ag(op) = |vi + (v2 - v1) S
SO —§1 S2—§ M
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20
N
e
= al(al)
[y
o 10 ]
k= 62(02)
E) _____
g 3 i
<
] l |
0
0 50 100 150 200
01,02
Distance in m

Problem 12-63

Starting from rest at s = 0, a boat travels in a straight line with an acceleration as shown by
the a-s graph. Determine the boat’s speed when s = s,, S5, and sg.

Given: o
s1 =50 ft s5 = 90 ft
sp = 150 ft sg = 200 ft
ft
s3 = 250 ft a1:2—2 a4
S
ft oy
sS4 = 40 ft ap =4 —2
S
i LN '|': ¥3 ¥
Solution:
ft
0<sg<s aj =a V4 = ./2a4s. V4 = 12.649 —
4 < S1 4 =231 4 = /28454 4 S
V] =,/2a1951
2 ft
$1 <5< as = ap Vs =/ 2a5(s5 — s1) + V1 V5 = 22.804 —
S
2
vy = \/Zaz(SZ - S]_) +V1
S6
2 S3—5S ft
Sy < S < S3 Vg = Vo +2 apds vg = 36.056—
S3— 82 S
2
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*Problem 12-64

The v—s graph for a test vehicle is shown.
Determine its acceleration at s=s;ands,.

Given:

m
V1=50?

s1 =150 m s3 = 100 m

Sp =200m s4 =175 m

Solution:

az = | — V1| —
S1 S1
aq = V1
$2—-%1 $2-%1

_J.f'
a —1111m
3= 1111 =
s
aq = 25m
8= 2

.'l|

Chapter 12

Problem 12-65

The v—s graph was determined experimentally to describe the straight-line motion of a rocket sled.

Determine the acceleration of the sled at s = s; and s = s,.

Given:

m

vy = 20 — S1 =50m
m

Vo = 60 — Sp =300 m

s3 = 100 m S4 =200 m

Solution:
dv
a=VvV—
ds
[s3-s1 Jv2-v1
a3z = (Vg — Vl) + V1
$2—-91 $2-%1
_54 - 51 W Vo — V1
aq = (Vg - Vl) + V1
$2—-91 $2-%1

t{m/s)

s{m)

R

ag = 4.48
3 =448 —

S

ag = 7.04 2
4=1704 =

S
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Problem 12-66

A particle, originally at rest and located at point (a, b, c), is subjected to an acceleration
a ={dti+e t? k}. Determine the particle's position (x, y, ) at time t,.

Given: a = 3ft b=2ft c=5ft d:6f—; e:lZf—:1 tp =1s
S s

Solution:

ay = dt vxz(g)tz sxz(g)t3+a X = (%)t13+a X = 4ft

ay=0 vy =0 sy="b y=>b y = 2ft

2 €)3 e \4 e 4
a; = et v, = | — |t S;=|— |t +¢C z=|—1It1 +c z=6ft
? ’ (3) ’ (12) (12)1

Problem 12-67

The velocity of a particle is given by Vv = [at?i + bt3j + (ct + d)K]. If the particle is at the origin
when t = 0, determine the magnitude of the particle's acceleration when t=t;. Also, what is the

X, ¥, Z coordinate position of the particle at this instant?

. m m m m
Given: a=16— b=4— c¢=5— d=2— t1 =25
3 4 2 S
S S S
Solution:
Acceleration
m
ay = 2atp ay = 64 -
S
2 m
ay = 3bt1 ay = 48 _2
S
m
a; =¢ a;=>5 >
S
/ 2 2 2 m
amag = aX + ay + az amag = 80.2 _2
S
Postition
a 3
X = Etl X = 42.667 m
b, 4
y = Ztl y = 16 m
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c
Z:Et12+dt1 z=14m

*Problem 12-68

2
A particle is traveling with a velocity of v = (a\ﬁebti + ceoIt j). Determine the magnitude
of the particle’s displacement from t = 0 to t;. Use Simpson’s rule with n steps to evaluate the
integrals. What is the magnitude of the particle’s acceleration when t = t,?

. m 1 m 1
Given: a=3— b=-02- c=4— d=-08— t =3s thy=2s
3 S S S2
2
S
n = 100
Displacement
ty X & i
X1 :J ay/te’ dt x; =734m y;=| cell dt y1 = 3.96 m
0 0

dy =4/ X:|_2 + y12 d; =834 m

Acceleration

bt
axzj—t(a\ﬁebt) :2i bt aby/ted! a = ——e 2(%+bt2)

\ﬁe

2 2
dt
ay:d—(cedt):zcdtedt ay2 = 2cdtze 2
dt
ap =014 2 ap--052 2 a4 - fapitap’  ap = 0541
x2 = Y. 52 y2 = —Y. 52 2 = X2 y2 2 =Y. 52

Problem 12-69

The position of a particle is defined by r = {a cos(bt) i + ¢ sin(bt) j}. Determine the
magnitudes of the velocity and acceleration of the particle when t = t;. Also, prove that the

path of the particle is elliptical.

. rad
Given: a=5m b=2— c¢c=4m t1 =1s
S

Velocities
. 2 2
V1 = —absin(bty) vy1 = cbeos(bty) Vi = v+ vyt
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m
vyl = —9.093 —
S

Accelerations

ay, = —ab? cos(bty)

m
ay1 = 8.323 —
2
s
Path
X
— = cos(bt)
a

m
W1 =-3329

ay1 = —C b sin(bty)

m
ay1 = -14.549 —
S

% — sin(bt) Thus

Chapter 12

m
vy = 9.683
S
’ 2 2
al = dyxl + ay]_
m
aj = 16.761 —
S

Problem 12-70

A particle travels along the curve from A to B in time t;. If it takes time t, for it to go from A
to C, determine its average velocity when it goes from B to C.

Given:
t1=1s
tp =3s
r=20m

Solution:

()
=

rAC —TAB

V. =
ave t2 — tl

|

A

10 \ m
Vave = —
ave -10) s

=

Problem 12-71

A particle travels along the curve from A to B in time t;. It takes time t, for it to go from B to C and
then time t; to go from C to D. Determine its average speed when it goes from A to D.

Given:
t1=2s rp =10m
th =4s d=15m
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t3=3s rp=55m

Solution:
n
I". -
ikl 7 42
d=|—|+d+|— r d 1\ &
2 2 B . 3
] o -
C
d O
t:t1+t2+t3 Vave:T Iy
T
m
Vave = 4285 — el L]
S A '

*Problem 12-72

A car travels east a distance d, for time t;, then north a distance d, for time t, and then west a
distance d; for time t5. Determine the total distance traveled and the magnitude of displacement
of the car. Also, what is the magnitude of the average velocity and the average speed?

Given: dy =2 km d> = 3 km d3 = 4 km
t1 = 5 min to = 8 min t3 = 10 min
Solution:
Total Distance Traveled and Displacement: The total distance traveled is
s=dy+dy+d3 s =9km

and the magnitude of the displacement is

Ar = \/(dl ~d3)? + dp? Ar = 3.606 km
Average Velocity and Speed: The total time is At =1+t + 13 At = 1380 s

The magnitude of average velocity is

V. = — m
an At Vavg = 261 ?
and the average speed is
Vv -2 V = 6.522 m
spavg it spavg ‘ s
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Problem 12-73

A car traveling along the straight portions of the road has the velocities indicated in the figure
when it arrives at points A, B, and C. If it takes time t,5 to go from A to B, and then time tg¢

to go from B to C, determine the average acceleration between points A and B and between
points A and C.

Given: "
tAB =35 Ve
.
tec =55 . 4
i
m
VA = 20 — v‘( 8
S i
m
vg = 30 —
S
m
Ve = 40 — S —
S
A
0 = 45 deg
Solution:
cos(6) (1) [1)
VBv = VB VAv = VA Vcy = V¢
Y sin(6’) v 0 v 0
VBV - VAV 0404 m
a = — a = —
ABave tAB ABave 7071 52
. _ Vcv — VAv . B 25\ m
ACave tAB + tBC ACave 0 32

Problem 12-74

A particle moves along the curve y = aeP™such that its velocity has a constant magnitude of
v = V. Determine the x and y components of velocity when the particle isat y = y;.

. 2 ft
Given: a=1ft b=—=— vg=4— yi1 =51t
s
In general we have
b x b x
y=ae vy = abe "vy
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2.2 2bx) _ Voz

vx2 +vy2 = vX2(1 +a b7e

b x
Vo abe "vp
Vx=—b Vy=—b
\/1+a2b2e2 X \/1+a2b2e2 X

In specific case

Vo ft
Vg1 = vyl = 0.398 —
X S
1+ a2 b2e !
le
abe “vp ft
Vy1 = vy = 3.980 —
2,2 2bxa =
l+a b e

Problem 12-75

The path of a particle is defined by y2= 4kx, and the component of velocity along the y axis is
vy, = ct, where both k and ¢ are constants. Determine the x and y components of acceleration.

Solution:
y2 = 4kx
2yvy = 4kvy

2
2vy" + 2yay = 4kay

w=ct ay=¢
2
2(ct)” + 2yc = 4kay

WL

*Problem 12-76

A particle is moving along the curve y = x — (x4/a). If the velocity component in the x direction
is v, = V. and changes at the rate a,, determine the magnitudes of the velocity and acceleration
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when x = X;.

. ft ft
Given: a = 400 ft Vg = 2 — ag =0 —
S

X1 = 20 ft
S

Solution:

2
Velocity: Taking the first derivative of the path y =x- (X—j we have,

a
2X 2X
vy=vxl—g =\ 1—;
2X1 2 2
Vy1 = VQ Wyl = Vo 1—? VI =4/Vx1 +W1

ft

ft ft
Vy] = 2— V1 =18— v = 2.691 —
S S S

Acceleration: Taking the second derivative:

2 2
2X Vx 2X Vo
ay=ayl-—|-2/—|=ag|l-—|-2 —
a a a a
2
2X1 Vo 2 2
ay1 = ag ay1 = ag l—T —27 ap =.ax1 +ay1

ft ft ft
ay1 = 0— ay1 = —0.0200 — a; = 0.0200 —
x1 2 yl 2 1 2

S S S

Problem 12-77

The flight path of the helicopter as it takes off ==
from A is defined by the parametric equations

x = bt? and y = ct3. Determine the distance the
helicopter is from point A and the magnitudes
of its velocity and acceleration when t = t;.

Given:

m m ¥
bh=2— c =004 — t1=1OS T B O W T T 1
S2 3
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Solution:

bty 2bty ( 2b j
r = Vi = a; =

et 3ct;? 6cty

200 40\ m 4 \m
r = m V] = — aj = —
"0 P la2) s 7 \2a) 2

m m

|r1| =204 m |vi| = 41.8 " |aa| = 466 =

Chapter 12

Problem 12-78

At the instant shown particle A is traveling to the right
at speed v, and has an acceleration a,. Determine the
B

initial speed v, of particle B so that when it is fired at —
the same instant from the angle shown it strikes A. )\“

Also, at what speed does it strike A?

Given:
ft
vy =10 — a] =2 -
s s . 1'::' ;
b =3 c=4 .
ol
ft
h = 100 ft g=32.2—2
S
Solution:
ft
Guesses vg =1— t=1s
s
. 1 2 c 1 2 b
Given vit+—a1t” = | —— |vpt h—-—gt" - | ———=|vgt=0
2 [ b2+02] 2 /b2+02
Vo ft
( j = Find(vo. t) t=12224s vo = 15.28 —
t S
c
b2 + c? 12.224 ) ft b = ft
V! = = —_ VvV =] . —_
B 8780772 s B s
—gt— Vo
b2 +cC
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Problem 12-79

When a rocket reaches altitude h, it begins to travel along the parabolic path (y — h;)? =b x. If the
component of velocity in the vertical direction is constant at v, = v, determine the magnitudes of
the rocket’s velocity and acceleration when it reaches altitude h,.

Given:
.1-
h1 =40 m (v =10 = by
b =160 m éf/
m
vo = 180 —
S
hp) =80 m
Solution:
2 i
bx = (y - h1)
bvy = 2(y - h)vy 1
baX = 2Vy2

2 / m
Vy2 = B(hz — hl)VO Vy2 =\Vp Vo = VX22 + Vy22 Vo = 201.246 —

S

2 2 m [ 2 2 m
ayo = BVO ay2 = O—2 ap =, ax2 +ay ap = 405 v

S S

*Problem 12-80

Determine the minimum speed of the stunt rider, so that when he leaves the ramp at A he
passes through the center of the hoop at B. Also, how far h should the landing ramp be from
the hoop so that he lands on it safely at C ? Neglect the size of the motorcycle and rider.
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Given:
a=4ft
b = 24 ft |[
d =12 ft T
~ i “~ g
e =3ft Co” ! &%
d - | | -y
f=5ft ”
- == I [ = [
= 32.2 ft
g = oz >
S
. f
Solution: @ = atan| —
c
ft
Guesses va =1 — tg=1s tc=1s h=1*ft
S
. . 1 2
Given b= vAcos(e)tB f+ vAsm(H)tB - EgtB =d
. 1 2
b+h= vAcos(H)tC f+ vAsm(G)tc - Egtc =e
tg
tc ) g 0.432 ft
= Flnd(tB,tC,vA,h) = S va = 60.2 —
VA tc 1.521 S
h
h = 60.5ft

Problem 12-81

Show that if a projectile is fired at an angle @from the horizontal with an initial velocity v,, the

maximum range the projectile can travel is given by R, = V,?/g, Where g is the acceleration of
gravity. What is the angle @ for this condition?
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Solution: After time t,

X
X = Vg cos| )t t=——
0 ( ) vocos(H)
1 2 x2
y = (vo sin(H))t - —gt y = xtan(e) - g
2 2 2
2vQ cos(@)

Sety = 0 to determine the range, x = R:

. 2v02 sin(e) cos(H) vo2 sin(20)

g g9

R ax OCCUrS when sin(29) =1or, 6 = 45deg

L VO2
This gives: Rmax = — Q.E.D
9

Chapter 12

R

RITELY

Problem 12-82

The balloon A is ascending at rate v, and is being carried horizontally by the wind at v,,. If a

ballast bag is dropped from the balloon when the balloon is at height h, determine the time
needed for it to strike the ground. Assume that the bag was released from the balloon with
the same velocity as the balloon. Also, with what speed does the bag strike the ground?

Given:
km
va = 12 —
A hr
km
vy = 20 —
W hr
h =50m
m
= 0.81 —
g 2
S
Solution:
ay=0 ay =g
VX=VW Vy——gt+VA
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-1 2
SX:VWt Sy:7gt +VAt+h
2
-1 vA+,/vA +2gh
Thus 0= 7gt2 +vat+h t = t=3551s
g

[ m
Vy = Vi Vy = —gt+va vV = vX2+vy2 v:32.0?

Problem 12-83

Determine the height h on the wall to which the firefighter can project water from the hose,
if the angle @ is as specified and the speed of the water at the nozzle is v.

Given:
ft i
ve = 48 —
S
hy = 3ft
d = 30 ft E
6 = 40 deg I
Ve
ft ; I
g =322 — f /ﬁ
SZ 'Il i [: 1
§o): ] / - B
4 " B~ |
- = d |
Solution:
ax=0 ay = —g
Vy = VC cos(e) vy = —gt+ stin(H)
—0).2 .
Sx = VC cos(e)t Sy = (7)t +ve sm(e)t +hy
Guesses t=1s h=1ft
. -1 2 .
Given d=vc cos(&)t h = 7gt +ve sm(e)t + hy
t .
(hj = Find(t, h) t=0.816s h = 17.456 ft
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*Problem 12-84

Determine the smallest angle &, measured above the horizontal, that the hose should be directed so
that the water stream strikes the bottom of the wall at B. The speed of the water at the nozzle is vc.

Given: E
vc = 48 E
S
hy =31t i
A
d=30ft [
ft o h
g =322 - -’:i /(‘
S -Eﬂﬂ‘ C 1 =l
;("'il Iy B~]
Solution: ' I 2 y = 4
ay=0 ay =g
Vy = VC cos(@) vy = -gt+ vcsin(H)
_ 9.2 .
Sy = V¢ cos(e)t Sy = 7t + VCS|n(6’)t +hq
When it reaches the wall d=vc cos(@)t t= L
Ve cos(@)
2
0- _Q(Lj svgsin()—— +hy = —&[sin(20) - 22 | 4 by
2 | vccos(6) vc cos(6) 2cos(¢9)2 VC2
Guess € = 10 deg
Given 0=—39 [sin(26) - 39 1+ hy 0 = Find() 0 = 6.406 deg
2
2005(49) Ve

Problem 12-85

The catapult is used to launch a ball such that it strikes the wall of the building at the maximum
height of its trajectory. If it takes time t; to travel from A to B, determine the velocity v, at

which it was launched, the angle of release 6, and the height h.
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Given: T
a=35ft e — =
i |
b =18 ft "
t1 =15s
ft Y., h
=322 — 7
g=3 > /
S i
= dpty
i | s .
L N . L 1
I I
Solution: = fi &
ft
Guesses vp =1 — 6 =1 deg h=1*ft
s
Given vAcos(e)tl =b vAsin(H) -gt1 =0
. 1
a+ vAsm(H)tl - Egtl2 =h
VA
. ft
¢ | = Find(va, 6.h) VA = 49.8— 6 = 76deg h = 39.7 ft
s
h

Problem 12-86

The buckets on the conveyor travel with a speed v. Each bucket contains a block which falls
out of the bucket when 8= 6,. Determine the distance d to where the block strikes the

conveyor. Neglect the size of the block.

Given:
a=3ft
b=1ft
61 = 120 deg
ft
v=15—
S
ft
S
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Solution:
Guesses d=1ft t=1s

Given —bcos(@l) + vsin(@l)t =d
a+ bsin(@l) + vcos(@l)t - %gt2 =0

d
(tj = Find(d,t) t=031s d = 4.52ft

Problem 12-87

Measurements of a shot recorded on a videotape during a basketball game are shown. The ball
passed through the hoop even though it barely cleared the hands of the player B who attempted
to block it. Neglecting the size of the ball, determine the magnitude v, of its initial velocity and

the height h of the ball when it passes over player B.

Given:

a=7Tft - I *_':___'7
b = 25 ft ';)/'* 3 ¥
It ’ h .
A 1 il

.:_}_
-\:.G

B
1
c=5ft I
U i _,b
d=10ft &"I , - ,
0 = 30 deg - b i

= 32.2 ft

g = oz >

s

Solution:
ft
Guesses va = 10 — tg=1s tc=1s h =12 ft
s
Given b+c=vp cos(e)tc b= vAcos(e)tB
d= %gtcz + vAsin(H)tc +a h= —79,(82 + vAsin(H)tB +a
VA
tg _ tg 0.786 ft
= Find(va, tg,tc.h) - S  VA=2367— h = 11.489 ft
tc tc 0.943 s
h
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*Problem 12-88

The snowmobile is traveling at speed v, when it leaves the embankment at A. Determine the time of
flight from A to B and the range R of the trajectory.

Given: )
m ."?{;_'.___
vg = 10 — L A s v I
S - ¥
e ‘
0 = 40 deg oz .
c=3
d=4
_ 981 2
g =29 >
S .
Solution:
Guesses R=1m t=1s
. —C — .
Given R =vg cos(@)t (F)R = (79),(2 + Vo sm(@)t
R .
(t) = Find(R, 1) t=2482 s R =19.012 m

Problem 12-89

The projectile is launched with a velocity v,. Determine the range R, the maximum height h
attained, and the time of flight. Express the results in terms of the angle &and v,,. The acceleration
due to gravity is g.

Solution: \
ax=0 ay =—-9
Vy =V cos(e) vy =-gt+Vvp sin(e)
i
( ) -1 2 . ( ) L f
Sy = Vg coslg)t sy:7gt + vg sin{ o)t A h .
|:__, L] 1 X

-1 9 ) 2vp sin(@) - R -

O:7gt +v03|n(9)t t:T
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2V
R =vp cos(@)t R = Tosin(e) cos(e)
_ 2 vo“sin(@
hzgg(%) +vosin(9)% = 0 g( )

Problem 12-90

The fireman standing on the ladder directs the flow of water from his hose to the fire at B.
Determine the velocity of the water at A if it is observed that the hose is held at angle 6.

Given: 1(;1 | —
vil T
g = 20 deg '-:.h i A\\:l
a =60 ft ;’ifﬂr iy
.J a .
b = 30 ft 2 B
_ 32 ™ 4 N
g = oe >
S
Solution:
ft I T -
Guesses vp =1 —
S
t=1s
. -1 2 .
Given vAcos(e)t =a 7gt - vAsm(H)t =-b
VA . ft
= Find(va.t) t=0712s VA =89.7—
t S

Problem 12-91

A ball bounces on the @inclined plane such that it rebounds perpendicular to the incline with a
velocity v,. Determine the distance R to where it strikes the plane at B.
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Given: x
0 = 30 deg e 5 =
Sagi®
VA = 40 — e
./”// b
.-"'-f i
g =322 — f,.f
S .
/ R
Solution: i s
J L
Guesses t=10s 3 ?,f{_: 6\
R=1ft
-1
Given vAsin(H)t = Rcos(e) 7gt2 + vAcos(H)t =-R sin(H)
t .
(R) = Find(t,R) t=287s R = 66.3ft

*Problem 12-92

The man stands a distance d from the wall and throws a ball at it with a speed v,,. Determine

the angle @ at which he should release the ball so that it strikes the wall at the highest point
possible. What is this height? The room has a ceiling height h,.

Given:

d = 60 ft — e .

vg = 50 — ¥ A fry
O S ‘“/1:' lll] !
hl = 5 ft ‘ﬁi T lll]. ] T

hy = 20 ft ~ g L
ft
g =322 -
S
Solution: Guesses t1 =1s tp =2s 6 =20deg h =10 ft
. =0, 2 .
Given d=vg cos(H)tz h= (7)t2 + Vg sm(H)tz + hq
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0=-gt1 +vp sin(H) hy = (—79),[12 + Vg Sin(ﬁ)tl +hy
t
_ t1 0.965
= Find(ty,tp, 6, h) = s 0=38434deg  h=1483ft
0 ty 1.532
h

Problem 12-93

The stones are thrown off the conveyor with a horizontal velocity v, as shown. Determine
the distance d down the slope to where the stones hit the ground at B.

Given:
Vo = 10 % h = 100 ft
S
c=1
ft
_ _ A
g =322 32 d = 10 s _k - gy
;:: l‘ iy
Solution:

|

|

C |

0 = atan| — 3
(d) |

Guesses t=1s d=1ft |

Given vot = dcos(6) 1
1 ll.-“"*,___ B
_71gt2 = —h —dsin(6) ﬁ' i-%h___ B
AN,
Xl
(;j = Find(t, d) t=2523s  d=254ft '

Problem 12-94

The stones are thrown off the conveyor with a horizontal velocity v = v, as shown.
Determine the speed at which the stones hit the ground at B.

Given:

fit
vp = 10 — h = 100 ft
S
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ft =
g=322- ¢=1
32 d=10

Solution:

c
0 = atan| —
(d)

Guesses t=1s L=1ft

Given Vot = Lcos(e)

_71gt2 =-h- Lsin(H)

t
(J = Find(t, L) t=2523s L =254ft

Vo 10 ft |
VB = VB = — V
57 gt 5~ 81256 ) s B

4 .l' - - .I
——, 13_
! ",
J
<i 9
v
1
|'.' '|
|I "'_
|
|
p
! !
NN 1
»
ﬁ\._ 'i.;\
e, Sy R
! Y
OV N
-
ft
| - 81.9—
S

Chapter 12

Problem 12-95

The drinking fountain is designed such that the nozzle is located from the edge of the basin as
shown. Determine the maximum and minimum speed at which water can be ejected from the

nozzle so that it does not splash over the sides of the basin at B and C.

Given:
6 = 40 deg a =50 mm
m = :
g-os ™ b = 100 mm = ¢
2 I—l . L
S ¢ = 250mm H““H——*ﬂ’ﬁ
Solution: I - |
m
Guesses Vmin = 1 — tmin =15
S
m
Vmale? tmax =18
. . 1 2
GlVen b = Vmin Sln(e)tn'"n a+ Vmin COS(@)tmm — Egtm”'] = O
. 1 2
b + ¢ = Vmax Sin(6)tmax a + Vimax 08 ( O)tmax — Egtmax =0
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tmin
tmax o d(t . ) tmin 0.186

= Find(tmin , ,Vimin » V. = s
Vi min > tmax > Vmin » Vmax - 0.309

|3

V
max Vimiin 0.838
Vmax ) \1.764 ) s

*Problem 12-96

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

Solution: el

X =V COS(Hl)t =V 008(02)(t - At)
y= [‘79}2 +vosin(6y)t = (‘79)0 _ 20 + vosin 82)(t - )

Eliminating time between these 2 equations we have

) ﬂ( sin(61 - &) ]

A= g cos(01)+cos(¢92)

Problem 12-97

The man at A wishes to throw two darts at the target at B so that they arrive at the same time.
If each dart is thrown with speed v, determine the angles 6. and 6, at which they should be

thrown and the time between each throw. Note that the first dart must be thrown at 6. >4 then
the second dart is thrown at g

73



Engineering Mechanics - Dynamics Chapter 12

Given: N ~. ~
vgp = 10 — T ——
s h —
."Jl 1,—"’:1"".# - -:'::\".\'_
a-sm 87= L
| =n, _,;}
m
S
Solution:
Guesses 6c = 70 deg 6p =15deg At =2s t=1s
Given d=vp cos(@c)t 0= —_gtz + Vo sin(ec)t
2
d = vo cos(6p)(t - 4t) 0 = =2 (- 40 + vosin(ep)(t - 41
oc
6p _ oc 75.313
= Find(6c. 6p.t, At) t=1972s At=1455s = deg
t b 14.687
At

Problem 12-98

The water sprinkler, positioned at the base of a hill, releases a stream of water with a velocity
v, as shown. Determine the point B(x, y) where the water strikes the ground on the hill.

Assume that the hill is defined by the equation y = kx? and neglect the size of the sprinkler.

Given:
0.05
vg =156 — k = —
S ft
6 = 60 deg
Solution:

Guesses x=1ft y=1ft

1
Given X = Vg cos(e)t y=Vvp sin(e)t - Egt2 y = kx2
X
Find(x, y,1) t = 0.687 X >-1o4 ft
= Find(x,y, =0. S =
Y y y 1.328

t
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Problem 12-99 |

The projectile is launched from a height h with W
a velocity v,. Determine the range R. . =
r.-'.
Solution: I
ax=0 ay = —g
vy = v cos(6) vy = —gt + vgsin(6) ) B '
-1 2 .
Sy = vocos(e)t Sy = 7gt + Vg sm(H)t +h
When it hits
R = vpcos(O)t f=—"N
Vo cos(&)
1 5 g( R R
0=—gt + vosin(e)t+ h=—| ———= | + vosin(e)— +h
2 2 | vgcos(6) vocos ()

Solving for R we find

2 2
o AT o ]tan(ﬁ)z +L“J

g vo2 cos(@)2

*Problem 12-100

A car is traveling along a circular curve that has radius p. If its speed is v and the speed is
increasing uniformly at rate a,, determine the magnitude of its acceleration at this instant.

Given: p =50m v:16? at:BE2
S
Solution:
V2 m [ 2 2 m
an = — an =512 — a=.ag +a a=9498 —
P 32 52

Problem 12-101

A car moves along a circular track of radius p such that its speed for a short period of time
0<t<tyisv=bt+c t?. Determine the magnitude of its acceleration when t = t,. How far

has it traveled at time t;?
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. ft ft
Given: p = 250 ft th =4s b:3—2 0:3—3 t1 =3s
S S
Solution: v=Dbt+ ct2 at = b+ 2ct
2
2 V1
At tg vi = bty +ctg ayp = b+ 2cty any = —
Y2,
[ ft
a] = at12 + an12 aj = 21.63—2
S
. b 2 ¢ 3
Distance traveled dy = Etl + gtl dq = 40.5ft

Problem 12-102

At a given instant the jet plane has speed v and acceleration a acting in the directions shown.
Determine the rate of increase in the plane’s speed and the radius of curvature p of the path.

o

Given:
ft
vV = 400 — / \
S 1
[ i
ft
a=70 —2 y
S \\\
s
6 = 60 deg P
.'I. \\'\
Solution: S
II "\\\-
Rate of increase ' .
fi A
at = (a)cos(&) at = 35—2 ,

S

Radius of curvature
2 2

ap = (a)sin(H) _ Y Y

R — = 2639 ft
, T @ane ”

Problem 12-103

A particle is moving along a curved path at a constant speed v. The radii of curvature of the
path at points P and P* are p and o', respectively. If it takes the particle time t to go from P to
P', determine the acceleration of the particle at P and P".

. ft
Given: v=60— p=20ft p =50ft t=20s
S
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v2 ft
Solution: a=— a=180—
P 2
2
Vv ft
a' = — a'=72—
P 2

Note that the time doesn’'t matter here because the speed is constant.

*Problem 12-104

A boat is traveling along a circular path having radius p. Determine the magnitude of the boat’s
acceleration when the speed is v and the rate of increase in the speed is &;.

. m m
Given: p =20m v=5— at:2—2
s
S
Solution:
v2 m [ 2 2 m
an = — an =125 — a=.a +ap a= 2358 —
P % s?

Problem 12-105

Starting from rest, a bicyclist travels around a horizontal circular path of radius p at a speed

v = b t2+c t. Determine the magnitudes of his velocity and acceleration when he has
traveled a distance s;

. m m
Given: p =10m b:0.09—3 c:O.l—2 s1=3m
S S
Solution: Guess t; =1s
. b)Y 3 (c) 2 .
Given S = 3 t17 + > t1 t1 = Flnd(tl) t1 = 4.147 s
m
V] = bt]_2 +ctg vy = 1.963 —
S
m
ar] = 2bty +c a1 = 0.847 -
S
V12
m
anl = — anl =0.385 —
p &
m
ap =4 at12 + an12 a; =0.93 =
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Problem 12-106

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

is at point A.

Given: ' [y L2
[r=

o
[
(S
=~
3

=
[
=
o
~
3

Solution: /
2 /

X f

y(x) = h(a) f

0 =&
y'(x) = OIXy(x)

I
y'(x) = dxy (¥)

Jieyw?d

PO =0

2

v [ m
an a= atz + an2 a=0921 —

" p(0) 2

Problem 12-107

The car travels along the curve having a
radius of R. If its speed is uniformly
increased from v, to v, in time t, determine

the magnitude of its acceleration at the
instant its speed is vs.

Given:

m
vi =15 — t=3s
S
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m
vo = 27 — R =300 m
S
m
vy = 20 —
S
Solution:
V2 — V1 V32
- 2 2 m
ar = an = — a:Ja +a a=422 —
t ¢ n R t n 2

*Problem 12-108

The satellite S travels around the earth in a circular path with a constant speed v;,. If the
acceleration is a, determine the altitude h. Assume the earth’s diameter to be d.

Units Used: Mm = 103 km

Given: A
Mm
vi = 20 — d
hr - —
m r’} \
a=25— “—
2 | Y
s ) )
II I|
d = 12713 km | '\-._x /
y
Solution:

Guess h=1Mm

2
Vi

Given a= h = Find(h) h =5.99Mm

h+—
2

Problem 12-109

A particle P moves along the curve y = b x2 + ¢ with a constant speed v. Determine the point
on the curve where the maximum magnitude of acceleration occurs and compute its value.

Given: b=1 c=-4m v=>5

=R

Solution: Maximum acceleration occurs where the radius of curvature is the smallest which
occurs at x = 0.
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2 , d " d ,
y(x) = bx"+c y'(X) ==y(x) y' (X)) ==y'(x)
dx dx
3
2
1+ y'(X
p(X) = M Pmin = p(0m) Pmin =0.5m
y" (X)
2
Vv m
amax = amax = 90 -
Pmin S

Problem 12-110

The Ferris wheel turns such that the speed of the passengers is increased by a, = bt. If the

wheel starts from rest when 6= 0°, determine the magnitudes of the velocity and acceleration
of the passengers when the wheel turns 8= 6,.

Given:
B !
ft
b:4—3 61 = 30 deg r =40 ft j’y
Y [
S 1 ; E
Solution: Il
f
ft
Guesses tp =1s vy =1— L |
S
ag =10 i
tw=1- = .
S
b b
Given at] = bty V] = (E)tlz roq = (E)tls
a1
. ft ft
vy | = Flnd(atl,vl,tl) t1 =3.16 s vy =19.91— atl = 12.62—2
S
S
tg

fit fit
vi=1991—  ag =16.05—
S S2

Problem 12-111

At a given instant the train engine at E has speed v and acceleration a acting in the direction shown.
Determine the rate of increase in the train's speed and the radius of curvature p of the path.
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Given
v =20—
S
m
a=14—
2
S
6 = 75 deg
Solution:

at = (a)cos(e) at = 3.62 mz
S

m
an = (a)sin(e) an = 13.523 -
S

p =29.579 m

*Problem 12-112

A package is dropped from the plane I i > Va
which is flying with a constant
horizontal velocity v,. Determine the

normal and tangential components of
acceleration and the radius of

curvature of the path of motion (a) at h
the moment the package is released at

A, where it has a horizontal velocity i
V,, and (b) just before it strikes the
ground at B.
| B
. ft ft
Given: va = 150 — h = 1500 ft g =322 -
S S
Solution:
At A:
2
VA
aan =9 pPA=_—— pA = 699ft
aAn
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At B:

2h Vy
t=|— Vx = Vp vy = gt 6 = atan| —
Vx

2
VB
VB = ,/vxz + vy2 apn = gcos(e) PR = — pB = 8510ft
aBn

Chapter 12

Problem 12-113

The automobile is originally at rest at s = 0. If its speed is increased by dv/dt = bt?, determine
the magnitudes of its velocity and acceleration when t = t;.

Given:
ft .
b = 0.05 ” ! 2 it
S |‘ "
t1 =18s A
p =240 ft
d = 300 ft
Solution:
ft
ay] = bt12 at] = 16.2—2

S

b ft
V] = (_)t13 vy =97.2—
3 s

b, 4
1 =|— |t 1 = 4374 ft
1 (12) 1 1

If 51 =437.4ft > d=300ft then we are on the curved part of the track.

2
Vi ft [ ft
anl = 7 anl = 39366—2 a = an12 + atlz a= 42569_2
S|

S

If s1 =437.4ft < d=300ft then we are on the straight part of the track.

ft ft [ ft
an1 = 0—2 an1 =0— a= an12 + at12 a= 16.2—2

2
S S S
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Problem 12-114

The automobile is originally at rest at s = 0. If it then starts to increase its speed at dv/dt = bt?,
determine the magnitudes of its velocity and acceleration at s = s;.

Given: 4 d -
it
p =240 ft
ft
b =0.05—
4
S
sp = 550 ft
Solution: 1
b b 1259
at:bt2 V= —t3 S= —t4 t1 = | — t1 = 19.061 s
3 12 b
b) 3 ft
vi = | =1 v = 1154 —
3 S

If s; =550ft >d = 300ft the car is on the curved path

2
2 b) 3 v
= = | — = ft
at = btg v (3)[1 an P a= [atz + an2 a = 58.404 —

If s; =550ft <d = 300ft the car is on the straight path

ft [ ft
at = bt12 an = 0—2 a= atz + an2 a= 18.166—2

S S

Problem 12-115

The truck travels in a circular path having a radius
p ataspeed v,. For a short distance from s =0,

its speed is increased by a; = bs. Determine its

speed and the magnitude of its acceleration when
it has moved a distance s =s;.

Given: /

p=50m s =10m !

m 1

V0=4— b=005—2
S

S
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Solution:
V1 S1
at = bs J’ vdv:J bsds
) 0
2
V1
ayy = bsy an1 = —
Y2,

2 2
Vi Vo b
J— _51
2 2 2

\ V()2 + b512

V1 =
2 2
ap =481 +an1

2

m
vy = 4.583 —
S

m
aj = 0.653 —
s2

Chapter 12

*Problem 12-116

The particle travels with a constant speed v along the curve. Determine the particle’s
acceleration when it is located at point x = x;.

Given:

mm ¥ (mm)

v =300 —
S

K = 20 x 10° mm?

X1 = 200 mm
Solution:
k
y(x) = =
X

) = 9
y'(x) = OIXy(x)

I
y'(x) = dxy (¥)

0(x) = atan(y'(x)) 01 =

=il o

6(x1)

144\ mm
a= —
288 82

61 = —26.6 deg

xolmm)

|a| = 30200
2

S
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Problem 12-117

Cars move around the “traffic circle” which is in the shape of an ellipse. If the speed limit is
posted at v, determine the maximum acceleration experienced by the passengers.

Given: v
v = 60 KM
hr
a=60m
b=40m
X
Solution:

Maximum acceleration occurs
where the radius of curvature
is the smallest. In this case
that happens when y = 0.

2 d d
X(y) =a|1- @ K() = X0 () = X0

(1 x(p?)

p(y) = . Pmin = p(0m) Pmin = 26.667 m
X" (y)

V2 m

Amax = amax = 10.42 —

Pmin 52

Problem 12-118

Cars move around the “traffic circle”
which is in the shape of an ellipse. If
the speed limit is posted at v,
determine the minimum acceleration
experienced by the passengers.

Given:
v:60l;—r:]
a=60m
b =40m
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Solution:

Minimum acceleration occurs where the radius of curvature is
the largest. In this case that happens when x = 0.

2
y(x) = b 1—[?) v =Ly (9 =Ly 0
a dx dx

(1 y?)

p(x) = - Pmax = £(0m) Pmax = 90 m
y" (X)
v2 m
amin = am|n = 309 _2
Pmax S

Problem 12-119

The car B turns such that its speed is increased by dvg/dt = be®. If the car starts from rest

when 6= 0, determine the magnitudes of its velocity and acceleration when the arm AB
rotates to &= 6. Neglect the size of the car.

Given:

b=0501

% -

c=1s 1

61 = 30 deg

p=>5m N
Solution:

agt = beCt
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b ct b b
Given pOL= (—2je 1o (E)tl - t1 = Find(tl) t1 = 2123 s

C C
b( ct m
vm:—@l—ﬂ Vg1 = 3.68 —
C S
2
cty VB1 2 2
apt1 = be apnl = 7 ap1 = @Bt1 + an1
m m m
agt1 = 4.180 - agnl = 2.708—2 ag] = 4.98—2
S S S

*Problem 12-120

The car B turns such that its speed is increased by dvg/dt = b et. If the car starts from rest when
0 =0, determine the magnitudes of its velocity and acceleration when t = t;. Neglect the size of

the car. Also, through what angle @has it traveled?

Given:

b =051 B
2
S

c:ls_1

t1 =25

p =5m

Solution:

agt = beCt l|

b( ct
(e 1 1) vgy = 3.19 m
C S

2
cty VB1 2 2
apl = be apnl = 7 ap1 = @Bt1 + anl
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m m m
agt1 = 3.695 - apn1 = 2.041 > ag] = 4.22 -
S S S

1/ b t b b
O == - eC 1 (—)tl - 61 = 25.1 deg
P Cc c C

Problem 12-121

The motorcycle is traveling at vy when it is at A. If the speed is then increased at dv/dt = a;,
determine its speed and acceleration at the instant t = t;.

v

Given: .
1 kx
k = 05 m_l - f;__z"
y
m ,
ag = 0.1 — //
2 .
S y,
=1 m T
Vo = S | ez &/
t] =55 L _._—--:'."-_F-’.
A
Solution:
3
2
2 : " 1+y'(%)
y(x) = kx y'(X) = 2kx y'(x) = 2k p(x) = u
y" (X)
1 2 m
Vi = Vo +agtg s1 = Vot + Eattl vy =15 —
S

X1
Guess x3 =1m  Given s = J J1+y02dx  xq = Find(xq)
0
2
V1 2 2 m
ajt = a ain = a] =./ait +ain a; = 0.117 =

px) S

Problem 12-122

The ball is ejected horizontally from the tube with speed v,. Find the equation of the path

y = f (x), and then find the ball’s velocity and the normal and tangential components of
acceleration when t = t;.
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Given: M
m
VA = 8 — ¥y
S - X
A
t1 =025s =
m
=981 —
g 2
S
Solution:
X - —_
X =vat t=— y = —gt2 y = —gzx2 parabola
va 2 2up
when t=1t;
Vyx = VA vy = —gtg 6 = atan| — 6 = 17.044 deg
Vx
m
an = gcos(e) an = 9.379 =
S
m
at = gsin(e) at = 2.875 -
S

Problem 12-123

The car travels around the circular track having a radius r such that when it is at point A it has

a velocity v, which is increasing at the rate dv/dt = kt. Determine the magnitudes of its
velocity and acceleration when it has traveled one-third the way around the track.

Given: ;

k =006 2
3
S P

r=2300m //___—__\\

Vv = 5
= ; %
1)

Solution: r LAY
ar(t) = kt L/ 1]

k
v(t) = v+ Etz

k.3
sp(t) = v1t+Et
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. 2zr .
Guess ty =1s Given  sp(ty) = Tﬂ tg = Find(t;) t; = 3558 s
V12
2 2

vi = v(tr)  an = at) an1 = —— ap = /au” +any

m m
vi=4302 aj = 652 2

S 32

*Problem 12-124

The car travels around the portion of a circular
track having a radius r such that when it is at
point A it has a velocity v; which is increasing at =

the rate of dv/dt = ks. Determine the magnitudes y S e o

of its velocity and acceleration when it has / \

traveled three-fourths the way around the track. ' \x
r "-.,_

_ \
Given: r. A
-2 11
k = 0.002 s ' | ] X
r = 500 ft
ft
vy =2 —
S
. 3 d
Solution: Sp1 = —2ar a;=V—V =Ks
p t Y
4 dsp
V1 Spl
ft . .
Guess vi =1— Given J v dv :J ksp dsp vy = Find(vy)
S 0 0
2
Vi 2 2 ft
at1 = ksp1 any = — a1 =.ap +ant vy = 1054 —
r s
a1 =22.7 ft
=i
s

Problem 12-125

The two particles A and B start at the origin O and travel in opposite directions along the circular
path at constant speeds v, and v respectively. Determine at t =t;, (a) the displacement along the

path of each particle, (b) the position vector to each particle, and (c) the shortest distance between
the particles.
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Given:
y
m
va = 0.7 —
S —_— T
vg = 15 — / \
* "
i
/ %
— / y
t1 =2s / \
II III
p=5m |' - I
| 7N ,l
Solution: \ yawak /
(@) The displacement along the path \ /
B/
sA = vaty spa=14m '{“‘“H C,Jlf"'f
T _—
Vi 0
Sg = vpi1 sg=3m vy

(b) The position vector to each particle

b A psin(6a) (1.382)
A P A p - pcos(HA) A 0.195

B ~psin(6g) (—2.823)
BT BT ,- pcos(6g) 57 0873

(c) The shortest distance between the particles

d:|rB—rA| d=426m

Problem 12-126

The two particles A and B start at the origin O and travel in opposite directions along the circular path
at constant speeds v, and vg respectively. Determine the time when they collide and the magnitude of

the acceleration of B just before this happens.

Given:
m
va = 0.7 —
S
vg =15 —
S
L =5m
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Solution:

(VA + VB)t =27p

. 2z p
B VA + VB
t=14.28s
A
"/ I\

S

A .
o/ |
ag = 0.45 © 2 1A
2 e .l_—-f_-?;_,r -

Problem 12-127

The race car has an initial speed v, at A. If it increases its speed along the circular track at the
rate a, = bs, determine the time needed for the car to travel distance s;.

s1 =20m
p =150 m

Solution:
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(5 1 t S1 L
—ds=J1dt t= ————ds t=1211s

0 J ,/vA2+b32

0

*Problem 12-128

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

ft
a=4—
2

S

; ft
Given: r=28ft at:2—2
S
Solution:

2 2 Vv
a :,/a — & vV =.apr t=— t=263s
n t n at

Problem 12-129

A particle moves along the curve y = bsin(cx) with a constant speed v. Determine the normal and
tangential components of its velocity and acceleration at any instant.

Given: v:2m b=1m c:i
S m
Solution:
y = bsin(cx) y' = bccos(cx) y" = —bczsin(cx)
3
3 2
(1+y'2) [1+(bccos(cx))2J
p = - =
y —bczsin(cx)
2 .
v-bcsin(cx)
an = ar=0 vi=0 vVhp=0

3

[1 + (bccos(cx))zJ ’

Problem 12-130

The motion of a particle along a fixed path is defined by the parametric equations r=b, 8= ct
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and z = dt2. Determine the unit vector that specifies the direction of the binormal axis to the
osculating plane with respect to a set of fixed x, y, z coordinate axes when t = t;. Hint:

Formulate the particle’s velocity v, and acceleration a, in terms of their i, j, k components.
Note that x = rcos(6) and y = rsin(6). The binormal is parallel to v, x a,. Why?

rad ft

Given: b=28ft C=4T d=6? t1 =25
Solution:
bcos(ct) ~besin(cty) “bc? cos(cty)
_ bsin(ct) Vp1 = | bccos(cty) apl = | _pc2 sin(cty )
dt;? 2dty 2d

Since v, and a, are in the normal plane and the binormal direction is perpendicular to this
plane then we can use the cross product to define the binormal direction.

0.581
Vp1 X ap1l
u=u u=|0.161
Vp1 X &
P17 “pl 0.798

Problem 12-131

Particles A and B are traveling counter-clockwise around a circular track at constant speed v,.
If at the instant shown the speed of A is increased by dv,/dt = bs,, determine the distance
measured counterclockwise along the track from B to A when t = t,. What is the magnitude of
the acceleration of each particle at this instant?

Given: A\ A
g - T e
m A ]
Vo = 8 — ‘.{/ "'-,‘
S . N,
l‘"\ - J__-""
i &
_ { x
b=4s 2 f Ay 5 I'I,II B
x_\\ Y L J_
tl =1s _:Jr Iﬂ
/ /
F=5m S
/
/
6 = 120 deg
Solution: Distance
dva VA SA
aat = va— = bsa vp dvp = bsa dsp
dsa Vo 0
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t1 SAl 1
Guess spar =1m Given J 1dt= ——— dsa
0 [ 2 2
Vo~ + bsa
. 0
SA1 = Flnd(SAl) sap1 = 14.507 m
sg1 = Vot sg1 =8m SAB = SA1 + rd—sp1 saB = 16.979 m
V()2 + bSA]_2 ?
m
ap = (bsA1)2 +| —— ap = 190.24 <
r S
V()2
m
ap = — ag = 12.8 —
r 2

S

Problem 12-132

Particles A and B are traveling around a circular track at speed v at the instant shown. If the
speed of B is increased by dvg/dt = ag;, and at the same instant A has an increase in speed
dv,/dt = bt, determine how long it takes for a collision to occur. What is the magnitude of the
acceleration of each particle just before the collision occurs?

Given:

Solution:

VB = aptt + Vo

aBt 2
sg = —t +vpt
2
b b
aat = bt VA=E'[2+V0 5A=Et3+VOt
Assume that B catches A Guess t; =1s
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apt b
Given Ttlz +vpty = Et13 +Voty + 16 tg = Find(t;) t3 = 2.507 s

Assume that A catches B Guess ty =135

apt b
Given Ttgz +vgty + r(27r— (9) = Etgs + vt thr = Find(tg) to = 15.642 s
Take the smallertime  t = min(ty, tp) t=2.507 s
2
2
b.2 2
=t +Vvp 2
2 2 2 (aBtt + VO)
ap = [ (b)) +| ——— ag = |agt +|———
r r

Problem 12-133

The truck travels at speed v, along a circular road that has radius p. For a short distance from
s =0, its speed is then increased by dv/dt = bs. Determine its speed and the magnitude of its
acceleration when it has moved a distance s;.

Given:
m
vo = 4 —
S
L =50m
0.05
b =——
2
S
L -Ir-:
st =10m ¥
Solution:
v S 2 2
d 1 ! V1 Vo b 2
at=v|—Vv|=bs vdv = bsds — —-—==5
ds Vo 0 2 2 2

96



Engineering Mechanics - Dynamics

V1 [ 2 2
ar = bsp an = — a=.a +ap

m
a=0.653 —
2

S

Chapter 12

Problem 12-134

A go-cart moves alona a circular track of radius p such that its speed for a short period of time,

2
0<t< tl, isv = b(l - eCt ) Determine the magnitude of its acceleration when t = tz. How far

has it traveled in t = t,? Use Simpson’s rule with n steps to evaluate the integral.

. ft
Given: p =100ft t3 =4s b =60— c=-1s
s
ot?
Solution: t=1t v="hb\l-e
£ v 7 2
at = —2bcte® an = — a=.a +ap
yo)
12
(1-¢7)
So = b\l-e dt

2 th =2s
ft
a=350—
2
S
Sp = 67.1ft

n =50

Problem 12-135

A particle P travels along an elliptical spiral path such that its position vector r is defined by
r=(acosbti+csindtj +et k). When t = t;, determine the coordinate direction angles «,

S, and y, which the binormal axis to the osculating plane makes with the x, y, and z axes.
Hint: Solve for the velocity v, and acceleration &, of the particle in terms of their i,j, Kk

components. The binormal is parallel to v, X a,. Why?

97



Engineering Mechanics - Dynamics Chapter 12

4

Given:
a=2m d=01s "
_ m
b-0ls fe=21
S /fﬂ“’——__“‘“\\
c=15m 1t =28s \k_
Solution: t=11 C—_—H‘K
F
(a)cos(bt) C r \
rp =| csin(dt) ¥
et / /
—absin(bt) —ab’ cos(bt) |
Vp = | cdcos(dt) ap = —cdzsin(dt)
€ 0
0.609 a a 52.5
Vp X @
up = ﬁ up = | —0.789 p| = acos(ub) B | =1 142.1 |deg
Vp x a
p Y 0.085 y y 85.1

*Problem 12-136
The time rate of change of acceleration is referred to as the jerk, which is often used as a means
of measuring passenger discomfort. Calculate this vector, @', in terms of its cylindrical
components, using Eq. 12-32.
Solution:
n 2 1 1 n
a:(r -rd )ur+(r€ +2r0)ue+z uz
a'= (r - r'¢92 —2rd H')ur + (r" - ré’z)u'r
+ (r'H' +rd" +2r'@ + 2r'6")ue + (r6" + 2r'67')u'9 +2"uy +z"u'y
But ur=6dug U'g = -6 uy u';=0

Substituting and combining terms yields

a'= (r = 3r't92 = 3r€¢9‘)ur 1 (rH" +3r'd' +3r'd — rt93)ue + (2")uy
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Problem 12-137

If a particle’s position is described by the polar coordinates r = a(1 + sin bt) and &= ced,
determine the radial and tangential components of the particle’s velocity and acceleration

when t = t;.

Given: a=4m b=1s"' c=2rad d=-1s 1 tp =25
Solution: When t =1t
r = a(1 + sin(bt)) r' = abcos(bt) r" = —abzsin(bt)
6?=cedt 6’=cdedt 6"=cd2eOIt
m
Vi = r Vi = -1.66 —
S
m
vg =16 vg = —2.07 —
S
m
ar=r" - r6’2 ar = —4.20 >
S
m
ag=1rd' +2réd ag = 2.97 -
S

Problem 12-138

The slotted fork is rotating about O at a constant rate . Determine the radial and transverse
components of the velocity and acceleration of the pin A at the instant 8= 6,. The path is

defined by the spiral groove r = b + cé, where Gis in radians.

Given:
rad
g =3 —
S
B -
b=5in :
r;fﬂw . 3| s
1. A
CcC = ; In . ( £
01 = 2 xrad

Solution: 0 =01
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in rad
r=>b+cé r =céd r":OI— g =0—
2 2
S S
Ve =T vg =1ré ar =1r" - r€2 ag =rd'+2rd
in in in in
vr = 0.955 — Vg =21— ar = -63— ag=>573—
S S S2 S2

Problem 12-139

The slotted fork is rotating about O at the rate &' which is increasing at 6" when 0= g,.

Determine the radial and transverse components of the velocity and acceleration of the pin A
at this instant. The path is defined by the spiral groove r = (5 + 8/7) in., where @is in radians.

Given:
rad
g =3 —
s
rad
g =2 —
2
S
b=5in
1
c=—1in
T !
f _r,_“
61 =2 rrad :
r;fﬂ{-} - 3| 3
] A
Solution: 0 =01 r=(b+ct)—
r=>b+cé r=-cd r" =cd'
Ve =T Vg = rd
" 2 ' .
ar =r"-réd ag =rd'+2rd
in in in in
vp=0955— vg=21— ar = —62.363 — ag=19.73—
S S S2 s2

*Problem 12-140

If a particle moves along a path such that r = acos(bt) and &= ct, plot the path r = f(6)
and determine the particle’s radial and transverse components of velocity and
acceleration.
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Given: a=2ft b:ls_1 c:O.SEd
s

% %
The plot t=— r= (a)cos(b —j
c c

6 =0,001(27)..2z  r(6) = (a)cos(b‘—:)f—lt

2
=
8 o) of -
i}
2
- | | | | |
0 1 2 3 4 5 6 7
o
Angle in radians
r = (a)cos(bt) r' = —absin(bt) r = —ab2 cos(bt)
0 =ct g =c g' =0
] : " 2 2 2
vr = ' = —absin(bt) ar=r"-rd =-alb” +c")cos(bt)
Vg = rd = accos(bt) ag=rd' +2rd =-2abcsin(bt)

Problem 12-141

If a particle’s position is described by the polar coordinates r = asinb@ and &= ct,
determine the radial and tangential components of its velocity and acceleration when t = t;.

. rad
Given: a=2m b =2 rad c=4— tp =1s
S
Solution: t =1t
r = (a)sin(bct) r' = abccos(bct) r" = —abzczsin(bct)
rad
6 =ct g =c g' = 0_2
S
m
Vr = I" Vr = —2328 i
S
m
vg =ré vg = 7.915 —
S
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m
ar =1r" - r€2 ar = —-158.3 =
S
m
ag =rd' +2rd agp = —18.624 =
S

Problem 12-142

A particle is moving along a circular path having a radius r. Its position as a function of time is
given by 6= bt?. Determine the magnitude of the particle’s acceleration when = 0,. The
particle starts from rest when 6= 0°.

. rad
Given: r = 400 mm b =2 — 61 = 30 deg
S
. 0
Solution: t = o t=0512s
2 '
6 = bt g = 2bt g =2b
2
m
a= \/(—r 62) + (ns?')2 a= 2317 =

S

Problem 12-143

A particle moves in the x - y plane such that its position is defined by r = ati + btj. Determine
the radial and tangential components of the particle’s velocity and acceleration when t = t,.

. ft ft
Given: a=2-— b=4— t1 =25
S S2

Solution: t =1t

Rectangular

ft
X = at Vx = a ay =0 >
S
y = bt2 Vy = 2bt ay = 2b
Polar
0= atan(l) 6 = 75.964 deg
X
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Vp = vXcos(H) +vysin(9)

Vg = —vxsin(e) +vycos(6)
ar = axcos(e) + aysin(e)

ag = —axsin(H) + aycos(e)

Chapter 12

ft
vr = 16.007 —
s
ft
vg=194—
s
ft
ar = 7.761 —
2
s
ft
ag=194—
0 2
S

*Problem 12-144

A truck is traveling along the horizontal circular curve of radius r with a constant speed v. Determine
the angular rate of rotation & of the radial line r and the magnitude of the truck’s acceleration.

Given:
r=60m
m
v=20—
S
Solution:
d
g =" g = 03338
r S
m
a= |—r6?2| a = 6.667 2
S

Problem 12-145

A truck is traveling along the horizontal circular curve of radius r with speed v which is
increasing at the rate v'. Determine the truck’s radial and transverse components of

acceleration.
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Given:
r=60m
m
v=20—
S
m
Vi =3 —
2
S
Solution:
2
-V m
ar = — ar = —6.667 —
r 2
S
m
ag =V ag=3—
52

Problem 12-146

A particle is moving along a circular path having radius r such that its position as a function of
time is given by &=csin bt. Determine the acceleration of the particle at = 6,. The particle

starts from rest at 6= 0°.

Given: r=6in c¢=1rad b-3s?! 01 = 30 deg
. 1 (6
Solution: t = —asin| — t=0.184 s
b c
0 = csin(bt) ¢ = cbcos(bt) o' = cbzsin(bt)
2 q
n
a - \/(—r o) 1 (r0)? a- 48.329'—2
S

Problem 12-147
The slotted link is pinned at O, and as a result of the constant angular velocity & it drives the

peg P for a short distance along the spiral guide r = aé. Determine the radial and transverse
components of the velocity and acceleration of P at the instant 6= 6.
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0 -=3-— 0 == rad
3
a=04m b=05m

Solution: 0 =01

r=aé r=ad
m
Ve =1 vr=12 —
m
vg =1rf vg = 1.257 —
2 m
ar =1r"-réd ar =-3.77 =
S
m
ag = 2r'd (';19:72—2
S

*Problem 12-148

The slotted link is pinned at O, and as a result of the angular velocity & and the angular
acceleration " it drives the peg P for a short distance along the spiral guide r = aé. Determine
the radial and transverse components of the velocity and acceleration of P at the instant 6= 6,.

Given:
rad
g =3 — & = — rad
S
rad a=04m
g =8 —
32 b=05m

Solution: 0 =01
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r=ad r=ad " =ad'
Vp =1 Vr=12 —
S
m
Vg =rd vg = 1.257 —
S
2 m
ar =1r"-réd ar = —0.57 =
S
m
ag =rad' +2r'éd ag = 10.551 =
S

Problem 12-149

The slotted link is pinned at O, and as a result of the constant angular velocity & it drives the peg
P for a short distance along the spiral guide r =a&where 6 is in radians. Determine the velocity
and acceleration of the particle at the instant it leaves the slot in the link, i.e., when r=bh.

Given:
rad
g =3 —
S
a=04m
=05m
Solution: 0 =—
a
r=ad r=ad r =
1) " 2 1
Vp =T Vg =rd ar =1r"-réd ag = 2r'd
[ [ m m
vV = vr2 + ng a= arz + agz v=1921 — a=28491 >
S

S

Problem 12-150

A train is traveling along the circular curve of radius r. At the instant shown, its angular rate
of rotation is @, which is decreasing at &'. Determine the magnitudes of the train’s velocity
and acceleration at this instant.
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Given:
r = 600 ft
rad
g =002 —
S
rad
g' = -0.001 —
2
S
Solution: ;
i
ft "y
vV =rd v=12—
S
2
ft
a= \/(—r 02) +(ro)? a=0646—

Problem 12-151

A particle travels along a portion of the “four-leaf rose” defined by the equation r = a cos(b8). If the

angular velocity of the radial coordinate line is @ = ct?, determine the radial and transverse
components of the particle’s velocity and acceleration at the instant 8= 0,. Whent=0, 8= 0°.

Given: Il/- -\‘\\ r=gcos by
a=5m [ \./
' ki
) |\ # |
rad ".I;..-. f
CcC = 3 —_— LY 1] J.'I
J3 g NN ey
."/ S S \
61 = 30 deg ( }{ )
k"*-\ _,..-""_F \H"‘-\-\._\__ 4
i 2o \ﬁ _—
Solution: I.'i Iﬁ'.
!

o) = %t?’ o) =ct> (1) = 2t | I|

(0 = (@coslbo®)  r =3r @ = e
dt dt

301

When 0= 6, t] = (—j
c

vr = r'(ty) vy = ~16.88 —
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Vg = r(tl) H(tl) vg = 4.87 ?
" 2 _ _goa M

ar = r"(tg) - r(t1) 4 (t1) ar = —89.4 2
: . - 5371
ag = r(tl) g (tl) +2r (tl) H(tl) ag=—-53.7 82

*Problem 12-152

At the instant shown, the watersprinkler is rotating with an angular speed & and an angular
acceleration &'. If the nozzle lies in the vertical plane and water is flowing through it at a
constant rate r', determine the magnitudes of the velocity and acceleration of a water particle as
it exits the open end, r.

Given: g
d d
g =2 i g =3 %
S S
m
r=3— r=02m
S
Solution:
m
v =r?+(re)? v=23027 2
S
2
m
a= \/(—r 672) + (rH' + 2r'67)2 a=12.625 -
S

Problem 12-153

The boy slides down the slide at a constant speed v. If the slide is in the form of a helix, defined
by the equations r = constant and z = —(h&)/(2 ), determine the boy’s angular velocity about
the z axis, & and the magnitude of his acceleration.

Given:
V=2—
S
r=15m
h=2m
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Solution: )
h
7=—20 :
2 \.i
h
7'=—4d
27

=

)

d
g =—Y —  g=13042
h )2 2 L
— | +r
2z
m
a= |—r6’2| a=255 5
s

Problem 12-154

A cameraman standing at A is following the movement of a race car, B, which is traveling along
a straight track at a constant speed v. Determine the angular rate at which he must turn in order
to keep the camera directed on the car at the instant 6= 6.

Given:
ft g
v=80— 6, =60deg a =100 ft Vg =1
s S —
a = rsin(6)
i
.-"ff
0 = r'sin(6) + rd cos(6) /

x = rcos(6) | /
vy = —v = r'cos(6) — r@ sin(6) /

Guess /
r=1ft r':lE 0:1@
S S
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0O=r sin(H) +rd cos(H)
-v=r cos(e) -rd sin(H)

r
r| = Find(r,r',H)
a

ft
_ ' 40— rad
r=11547ft r 40 S g =06
S

Problem 12-155

For a short distance the train travels along a track having the shape of a spiral, r=a/é. If it
maintains a constant speed v, determine the radial and transverse components of its velocity
when 6= 0,.

. m
Given: a=1000m v=20— 0 = 9% rad
S

Solution: 0 =01

2 2
a —a a a
r=— r:—20 v2:r'+r 02: —4+—2 92
0 g 0
g = VHZ I‘—a r —_aH
a\/1+¢92 0 92
m
Vr:rI Vr:—2.802_
S
m
vg =1ré vg = 19.803 —
S

*Problem 12-156

For a short distance the train travels along a track having the shape of a spiral, r=a/ é. If
the angular rate & is constant, determine the radial and transverse components of its velocity
and acceleration when 6= 4,.

. rad
Given: a = 1000 m g =02 — 01 = 9%
S
Solution: 0 =01
a -a 2a 2
r=— r=-—60 =—4d
7 92 93
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m
Vr = I" Vr = —4003 -
S
m
vg =ré vg =283 —
S

m
ar =1r" - r€2 ar = -5.432 —
S

m
ag = 2rd ag=-1601 —
S

Problem 12-157

The arm of the robot has a variable length so that r remains constant and its grip. A moves

along the path z = a sinb @, If 8= ct, determine the magnitudes of the grip’s velocity and
acceleration when t = t;.

Given:
r=3ft ¢c=05 Ed
S
a=3ft tt =3s
b=14
Solution: t =1t
6 = ct r=r z = asin(bct)
ft
g =c r=0— z' = abccos(bct)
S
rad ft
g =0— 1" =0— " = —abzczsin(bct)
2 2
S S
ft
vV = \/r‘2 + (rH)2 + 2'2 v =>5.953—
S
2
ft
a= \/(r - rez) + (re' + 2r'67)2 + z"2 a=3436—

Problem 12-158

For a short time the arm of the robot is extending so that r' remains constant, z = bt and 6= ct.
Determine the magnitudes of the velocity and acceleration of the grip Awhent=t,and r =r;.
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Given:
LA
r=15—
S
ft
b=4—
2
S
rad
c=05—
S
t]_ =3s |
rp =3ft
Solution: t =1t
r=rng 0 =ct Z = bt2
gd =c 7' = 2bt " =2b
v:\/r2+(r€) +z v=241—
S
2
ft
a = \/(—r 0% & (ora)?+ 2 a=8174—
S

Problem 12-159

The rod OA rotates counterclockwise with a constant angular velocity of 8. Two
pin-connected slider blocks, located at B, move freely on OA and the curved rod whose shape

is a limacon described by the equation r = b(c — cos(6)). Determine the speed of the slider
blocks at the instant 6= 6.

aa

Given:

g =5 fad -

s

b = 100 mm

c=2

01 = 120 deg .
Solution:

0 =060

F= cos )

r= b(c - cos(e))

r= bsin(&)H
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*Problem 12-160

The rod OA rotates counterclockwise with a constant angular velocity of 8. Two
pin-connected slider blocks, located at B, move freely on OA and the curved rod whose shape
is a limacon described by the equation r = b(c — cos(6)). Determine the acceleration of the
slider blocks at the instant 6= 4.

Given: "
rad g'.6'
g =5—
s
b = 100 mm g
c=2
61 = 120 deg
Solution: .
0 =601

F= cos )

r= bsin(&)H
r" = bcos(6)€2
2
a= \/(r - rez) + (2r'¢9)2 a = 8.66 m

|

Problem 12-161

The searchlight on the boat anchored a distance d from shore is turned on the automobile,
which is traveling along the straight road at a constant speed v. Determine the angular rate of
rotation of the light when the automaobile is r = ry from the boat.

Given:
d = 2000 ft
ft
v =80 —
S
r{ = 3000 ft
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Solution:
r=rn
d
0 = asin(—)
r
6 =41.81deg
3 vsin(&)
o
g = 0.0178 4
S

Problem 12-162

The searchlight on the boat anchored a distance d from shore is turned on the automobile,
which is traveling along the straight road at speed v and acceleration a. Determine the required
angular acceleration &' of the light when the automobile is r = r; from the boat.

Given:
d = 2000 ft
ft
v =80 —
S
ft
a=15—
2
S
ri = 3000 ft
Solution:
r=rn
. (d
0= asm(—r) 6 =4181deg
i d
g - usind) o oi7e
r S
ft

r = —vcos(6) r = ~59.628
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asin(@) -2r'd
r

g' = 0.00404 %

S

Problem 12-163

For a short time the bucket of the backhoe traces the path of the cardioid r = a(1 — cosé).
Determine the magnitudes of the velocity and acceleration of the bucket at = 6, if the boom is

rotating with an angular velocity & and an angular acceleration &' at the instant shown.

Given:
d
a = 25 ft g -2
S
rad
61 =120deg ' =02 —
S
Solution:
0 =601
r= a(l - cos(e)) r= asin(e)H

" = asin(H)H' +acos(9)€2

v =r?+(re)? V= 86.6%
2
a= \/(r - rez) + (re' + 2r'67)2 a= 266E2
S

*Problem 12-164

A car is traveling along the circular curve having a radius r. At the instance shown, its angular
rate of rotation is &, which is decreasing at the rate &'. Determine the radial and transverse
components of the car's velocity and acceleration at this instant.

Given:
r = 400 ft [
9 - 0025 "
S r
g' = —0.008 % a¥
S
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Solution:

m
Vr = I‘H Vr = 3048 -

S
vg =0
m
ar =rd’ ar =-0.975 -
S
m
ag = r672 ag = 0.076 2
S

Problem 12-165

The mechanism of a machine is constructed so that for a short time the roller at A follows the
surface of the cam described by the equation r =a + b cosé. If  and &" are given, determine
the magnitudes of the roller’s velocity and acceleration at the instant &= 6,. Neglect the size of
the roller. Also determine the velocity components v, and v, of the roller at this instant. The

rod to which the roller is attached remains vertical and can slide up or down along the guides
while the guides move horizontally to the left.

Given: ¥
rad
g =05— 61 = 30 deg
S
a=03m
g -0 rad
Ry b=02m
S
. e
Solution:
1
Q=20 : T
! I —— ___—-—41.3' —-—— X
r=a+ bCOS(&) ,.f.. L ".. \ )} r a+ Hcos i
: III. ] |'_|' " '|I
{ d |
r= —bsin(&)H

r = —bsin(H)H' - bcos(&) 02

v =r?+(re)? v=0242

2
a= \/(r - rez) + (re' + 2r'67)2 a=0.169 m
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vax = —I cos(e) +rd sin(@) vax = 0.162 %

Vay = I’ sin(@) +rd cos(e) vay = 0.18 %

Problem 12-166

The roller coaster is traveling down along the spiral ramp with a constant speed v. If the track
descends a distance h for every full revolution, determine the magnitude of the roller coaster’s
acceleration as it moves along the track, r of radius. Hint: For part of the solution, note that the

tangent to the ramp at any point is at an angle ¢= tan"}(h/2rr) from the horizontal. Use this to
determine the velocity components v,and v, which in turn are used to determine fand z.

Given:
v=62 h=10m r=5m
S
Solution:
h
¢ = atan(—) ¢ = 17.657 deg
2xr
_ veos(¢) . |—r02|
r
a = 6.538
s2

Problem 12-167

A cameraman standing at A is following the movement of a race car, B, which is traveling
around a curved track at constant speed vg. Determine the angular rate at which the man must

turn in order to keep the camera directed on the car at the instant 6= 6,.

Given:
A
m
vg = 30 —
S -
b I~
01 = 30 deg -
Y
a=20m 3 A7V
ér )
b=20m
0 =060
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Solution:

Guess

r=1m

Given rsin(e) = bsin(¢)

q-

S

ASS

rcos(H) =a+ bcos(¢)

Vg = bg

= Find(r,r', 6,4, 4)

:1m H:lﬂ ¢ = 20 deg ¢
S S
r' sin(H) + rcos(e)e = bcos(¢)¢'
r' cos(e) - rsin(&)e = —bsin(¢)¢'
r=234.641 m r=-15 ?
¢ = 60deg ¢ = l.S%d
g = 0.75@
S

-2 =
S

Chapter 12

*Problem 12-168

The pin follows the path described by the equation r = a + bcosé. At the instant 6= 6. the
angular velocity and angular acceleration are & and &'. Determine the magnitudes of the pin’s

velocity and acceleration at this instant. Neglect the size of the pin.

Given:
a=02m
b=015m
61 = 30 deg

rad
g =07 —
S
g = 05"
2
S
Solution:

r=a+ bcos(&)

0 =060

r=-b sin(&)H

a' G i

" = —bcos(6) 672 — bsin(6) 6’
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v =+ r?(re)? v = 0237 ?
2)? 2 m

a= (r" -rd ) + (rH' + 2r'€) a=0.278 2
S

Problem 12-169

For a short time the position of the roller-coaster car along its path is defined by the equations
r=ry 0= at, and z = bcos@. Determine the magnitude of the car’s velocity and acceleration

whent =t,.
Given:
rp=25m
rad
a=03—
S
b=-8m
t1 =4s

Solution: t =1t

r=rp g = at Z = bcos(&)
g =a ' = —bsin(e)H

" = —bcos(&) 672

vV = (r&) + 2'2 v =7.826 ?
2
a= (—r€2) + z"2 a= 2265 mz
S

Problem 12-170

The small washer is sliding down the cord OA. When it is at the midpoint, its speed is v and

its acceleration is a'. Express the velocity and acceleration of the washer at this point in terms
of its cylindrical components.

Given:

v=o2002m 4 _ oMM
S
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a = 400 mm 7
b = 300 mm A
.
]
¢ = 700 mm n.aﬁ"’

Solution: /ﬁ i
/
,
2 2 4
~vy/a” +b m rd 7
vr = -0.116 — Vi

Vp = —— = vg =0
T2 2 2 s 0 ")’
a +b +c T
Ve m e L Ty
V= —— v, = ~0.163 — < = Lh
: 2 2 2 z s t// p L
a +b +c .
arz—acos(a)
2 2
—a'\/a +b -3 m
ap = — V3 T2 ar=-5812x10 ° L a,-0
2 2 2 2
a +b +c S
-ve m
a; = ﬁ a; = —0.163 <

a +b2+c

Problem 12-171

A double collar C is pin-connected together such that one collar slides over a fixed rod and the
other slides over a rotating rod. If the geometry of the fixed rod for a short distance can be

defined by a lemniscate, r2 = (a cos b#), determine the collar’s radial and transverse
components of velocity and acceleration at the instant = 0° as shown. Rod OA is rotating at a
constant rate of &.

Given: = acos b

Solution:

6 = 0 deg r= \/acos(bei

r2 = acos(be)
—absin(b@)H

2rr' = —absin(be)a r=
2r
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2 2 2
—ab”cos(bg) 6 - 2r
2rr" + 2r'2 = —ab2 cos(be) 672 " = (2)
r
m
Vr = I" Vr = O —
S
ft
Vg =rd vg = 12—
S
ft
ar =1r" - r€2 ar=-216—
S
ft
ag = 2rd ag = 0—2

S

*Problem 12-172

If the end of the cable at A is pulled down with speed v, determine the speed at which block B

rises.
. m
Given: v=2—
S
Datum
Solution:
S,
Vp =V
L =2sg +sp
0=2vg +vp
Vg = —
B~
m
vg=-1—

S

Problem 12-173

If the end of the cable at A is pulled down with speed v, determine the speed at which block B
rises.

Given:

m
v=2—
S
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Solution:
VA =V
L1 =sa + 2sc
—Vp
0 =vpa+2vc Ve = 7

L2:(SB—S(;)+SB 0=2vg-VvC

vc m
vg =— vg=-05—
2 S

Chapter 12

Problem 12-174

Determine the constant speed at which the cable at A must be drawn in by the motor in order to

hoist the load at B a distance d in a time t.

Given:
d =15 ft
t=5s
Solution:
L =4sg +sp
0 =4vg +vp
vp = —4vp
vp = -4 —d
A= t
ft
vp = 12—
S

Problem 12-175

Determine the time needed for the load at B to attain speed v, starting from rest, if the cable
is drawn into the motor with acceleration a.

Given:

m
v=-8—
s
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m :
a=02— S |
2
S —_— A
Solution: i‘\ —_—
1 B
Vg = v \ A
L =4sg +sp
Sp-.
0=4vg +va
-V _ f'u"\.
4 4
—4vg s

: 24,

*Problem 12-176 i

If the hydraulic cylinder at H

Ju . | i _( 3 } - #
draws rod BC in by a distance . E F e p ke
d, determine how far the slider l | — = : = ==
at A moves.

Given: g IIATUIM

Sy
d=38in
Solution: (
e

Asq =d le’f N ,gl
\l) L \__/

L =sa + 2sH 0 = Asp + 24sH

Asp = —24sH Asp = —16in

Problem 12-177

The crate is being lifted up the inclined plane using the motor M and the rope and pulley
arrangement shown. Determine the speed at which the cable must be taken up by the motor in
order to move the crate up the plane with constant speed v.

Given:

» | =
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Solution: Deveromn

0=3vp—-Vvp
vp = 3vp
vp = 12—

Problem 12-178

Determine the displacement of the block at B if A is pulled down a distance d.

Given:
d=4ft
Solution:
Asp = d
L1 = 2sp + 25¢ Ly = (SB - Sc) + 3B

0 = 24sp + 24s¢c 0 = 24sg — Asc

Asc
Asc = —4sp Asg = - Asg = —2ft

Problem 12-179

The hoist is used to lift the load at D. If the end A of the chain is travelling downward at v, and
the end B is travelling upward at v, determine the velocity of the load at D.
Given:

ft ft
VA=5§ VB:Z;
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Sa Sa

b 1)

Solution: L I

L=sg+sa+25 0=-vg+va+2vp

VB~ VA m— 151t Positive means down,
2 D=7 Negative means up

VD =

*Problem 12-180

The pulley arrangement shown is designed for hoisting materials. If BC remains fixed while
the plunger P is pushed downward with speed v, determine the speed of the load at A.

Solution: - Pratum
.'l-ln ¢ A

Vp =V

L = 6sp + sa 0=06vp+va

ft
va = —6vp VA = —24;

Problem 12-181

If block A is moving downward with speed v, while C is moving up at speed v, determine
the speed of block B.
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ft
Ve = -2 ; y
Solution: (-djj\ /d%
1 = ~
SA+2Sg+ S L /H\\" A
+ + =
A B+SC b s, \__ A s,
Taking time derivative:
B | \‘
va+2vg+ve =0 ’7 C |/
r:il—‘ I
. ~(vg +va)
B= T
ft o .
vg = -1— Positive means down, negative means up.

Problem 12-182

If block A is moving downward at speed v, while block C is moving down at speed v,
determine the relative velocity of block B with respect to C.

Given:

va=6 yoo1glt (,&\ (4&5
S S \ r(_,_d_\ II/H_

" = \ -\"
Solution: S, e N/ S
|m| Sl,l'j
SA+25g+Sc =L = —
B
Taking time derivative C +
r:il—‘ I
va+2vg+ve =0 ’7
—\VA+VC ft
Vg = g vg = -12—
2 S
ft o .
VBC = VB — V¢ vgc = —30— Positive means down, negative means up
S

Problem 12-183

The motor draws in the cable at C with a constant velocity v. The motor draws in the cable at
D with a constant acceleration of ap. If vp = 0 when t = 0, determine (a) the time needed for

block A to rise a distance h, and (b) the relative velocity of block A with respect to block B
when this occurs.
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Solution:
L1 =sSp+ 2sa
0=vp+2vp
0 = ap + 2ap

Lo =sg+ (SB - Sc)

0=2vg-VvC 0=2ag—-ac
a = —
AT
va = aat
sa=-h=a ¢
A= = dA 2
-2h
t=[— t=1225s
aa
1
va = apt VB:EVC

LSS
4R
o
i P
_,_P i
D
A o
B
N
,«\F
VAB = VA — VB vag = —2.90 ?

Chapter 12

*Problem 12-184

If block A of the pulley system is moving downward with speed v, while
block C is moving up at v determine the speed of block B.

Given:
ft
va =4 —
S
ft
ve = -2 —

S
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Solution:

SA+25g+25¢c =L

va+2vg+2vec =0

m
vg=0—
S

Chapter 12

Problem 12-185

If the point A on the cable is moving upwards at v,, determine the speed of block B.

. m
Given: vp = -14 —
s

Solution:
L1 = (sp—sa) + (so - sg)
0=2vp—vpa—VE
L2 = (sp - sg) + (sc - sg)
0=vp+Vvc - 2vg
L3 = (sc - sp) +SC + SE

0=2vc—-Vvp+VE

Guesses

m m m
vce=1— vp=1— vgp=1

S S

Given 0=2vp-va-—VE
0=vp+Vvc - 2vg
0=2vc—-Vvp+VE

vc

vp | = Find(VC,VD,VE)
VE
m

VBZ—Z?

VB = VC

c
A
tealE ||'E
T
0 .y
."\l 'lli.
D
,”"_.'\I_l_
LA
s
vC -2
m
vp | =] -10 | —
S
VE —6

Positive means down,
Negative means up
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Problem 12-186

The cylinder C is being lifted using the cable and pulley system shown. If point A on the cable
is being drawn toward the drum with speed of v,, determine the speed of the cylinder.

Given:
[ A
2 m 7T
vp = -2 —
s T, Diariem
.‘-_1
Solution:

n:l:
¥ '

L =2sc+ (SC - SA)

0=3vc—-vp Y
VA
Ve = —
€73
" S - _
vc = —0.667 — !
S

Positive means down,
negative means up.

Problem 12-187

The cord is attached to the pin at C and passes over the two pulleys at A and D. The pulley at A
is attached to the smooth collar that travels along the vertical rod. Determine the velocity and
acceleration of the end of the cord at B if at the instant s, = b the collar is moving upwards at

speed v, which is decreasing at rate a.

Given: L a ele i .
ft
a:3ft VA:—S_ p—— ~_— -I.-
ft \k: "fﬁ/ '|||.l
b=14ft aA=2—2 Q‘h\ f{?ﬂ/
S I' W}“\'h ,;:.”’?x 8] '
Solution: "*QNM\ ,f
L=2/a%+sa° +5p spa=b \-v*“tlﬁf.
=3y
ft ft
Guesses vg =1— ap =1—
S 2
S
Given 2SAVA i
0=—+vp el
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2spap + ZVA2 25A2 VA2
0= - + apg

a’ 4 sp° / (a2 . 5A2)3

ap s 2

VB ft ft
( ] = Find(vB,aB) vg = 8— ag = -6.8—
S

*Problem 12-188

The cord of length L is attached to the pin at C and passes over the two pulleys at A and D. The
pulley at A is attached to the smooth collar that travels along the vertical rod. When sg = b, the

end of the cord at B is pulled downwards with a velocity vg and is given an acceleration ag.
Determine the velocity and acceleration of the collar A at this instant.

Given: L 3 L . J
L =161t & 1 A
W, o
ft \\"- 9:'} I}
a=3ft VB =4 — .Q'h ___z.-': M
S -, &
f i AN h‘| '
t By,
b==6ft apg = 3 —2 Ty, ﬂf“

Solution: sg=b

Guesses
va =1 ft ap =1 t sap = 1ft
A = s A = 32 A = .
Given L= 2,/a2+sA2+sB
2SAVA
=——+V
[.2 2 B
a + SA
2spap + ZVA2 25A2 VA2
= - + ap
\/az +5 2 2 2 3
A (a + SA )
SA
. ft ft
va | = Flnd(sA,vA,aA) sp = 4ft va = —2.50 — ap = —2.44—2
S
aa S
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Problem 12-189

Chapter 12

The crate C is being lifted by moving the roller at A downward with constant speed v, along
the guide. Determine the velocity and acceleration of the crate at the instant s = s;. When the

roller is at B, the crate rests on the ground. Neglect the size of the pulley in the calculation.
Hint: Relate the coordinates xc and X, using the problem geometry, then take the first and

second time derivatives.

Given: e
m
vp = 2 —
S [}
s1=1m
d=4m
e=4m H
Solution:
Xc =e-91 L=d+e §

Guesses ve =1—
S

. XAVA
Given L:X(;Jr,/xAerd2 0=vgc+ —
2 2
J XA~ +d

m
a(;:l—2 Xxpa =1m
S

2 2 2
XA VA VA
0=ac - +

/(XAZ . d2)3 \/xAz +d?

XA
. m
ve | = Flnd(XA,Vc,ac) Xp=3m vc =-12 —
S

ac

m
ac = 0512 —

Problem 12-190

The girl at C stands near the edge of the pier and pulls in the rope horizontally at constant speed
vc. Determine how fast the boat approaches the pier at the instant the rope length AB is d.

Given: R .
O
ft \ A
ve =6 — f @L i
| A s,
h=8ft "
1 L)
(W F
d =50 ft

Xpg—
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Solution: Xg = d? — h?

XBVB
L:X(;Jr,/thpr2 0=Vvg+——
[, 2 2
h™ + xg
1[hZ-I—XBZ

ft o . .
VB = -VC X—B VB = —6.0782 Positive means to the right, negative to the left.

Problem 12-191

The man pulls the boy up to the tree limb C by walking backward. If he starts from rest when
X, = 0 and moves backward with constant acceleration a,, determine the speed of the boy at the

instant yg = yg;. Neglect the size of the limb. When x, =0, yg = h so that A and B are coincident,
i.e., the rope is 2h long.

Given:
m
ap = 0.2 —
A 2
S
yB1 =4m
h=8m
Solution: YB = YB1

Guesses

m
Xxpa =1m vAzl? Vg =

. XAVA
Given 2h = 1/xA2 + h2 + VB 0= ——=+vp vA2 = 2ap XA
\ XA2 + h2
XA
. m m
va | = Flnd(xA,vA,vB) Xp =894 m vp=1.891 — vg = —-1.41 —
S S
VB

Positive means down,
negative means up

*Problem 12-192

Collars A and B are connected to the cord that passes over the small pulley at C. When A is
located at D, B is a distance d to the left of D. If A moves at a constant speed v,, to the right,

determine the speed of B when A is distance d, to the right of D.
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Given:

h =10 ft

dp =24 ft

h
dp =4 ft
ft
va =2 —
=2 | )
.‘:'_H k'.

Solution:

L=yh+d+h

sp = do

2
1/SBZ—i-hzzL—,/SA2+h2 S :/(L—JSAZ—khZ) —h2 sg = 23.163ft

SBVB —SAVA

\/SBZ+h2 \/SAZ-I—hZ

2 2
—SAVA4/SB~ +h ft

VB =
B/ SA2 + h2

vg = -0.809—

Positive means to the left,
negative to the right.

Problem 12-193

If block B is moving down with a velocity vg and has an acceleration ag, determine the
velocity and acceleration of block A in terms of the parameters shown.

Solution:
L= SB—i-,/SA2+h2
SAVA
0=vg+
2 2
sp-+h
-VB,/ SA2 + h2
vp= ———
SA
2 2 2
SA VA VA + SpAaA
0=ag— +
3 2 2
> sp-+h

(SA2 + h2)

133
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2 2 2 2 2 2 2,2
SAVA sp”+h 7N —ap+/SA +h vg_ h

M 2T T wm M=
sp” +h A A A

Problem 12-194

Vertical motion of the load is produced by movement of the piston at A on the boom. Determine
the distance the piston or pulley at C must move to the left in order to lift the load a distance h.
The cable is attached at B, passes over the pulley at C, then D, E, F, and again around E, and is
attached at G.

Given:
h=2ft
Solution:
Asg = -h
L = 2sc + 2sF
24sc = —24sf

Asc = —Asg Asc = 2ft

Problem 12-195

The motion of the collar at A is controlled by a motor at B such that when the collar is at s,, it is
moving upwards at v, and slowing down at a,. Determine the velocity and acceleration of the cable
as it is drawn into the motor B at this instant.

Given: i ; |
d=4ft
™ m"‘
sp = 3 ft P |
ft |
S ¥4 |
L |
ap =1 — ; -
A 2 4 i
S . :
[2. 2 }%’1 |
Solution: L=,sp”"+d +sp L
ft ft
Guesses vg =1— ap =1—
S §2
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SAVA
Vg = —— i L L L
2 2 /
\sa +d .
-1
2 2.2
VA + SAAA SA VA
apg = > > + 3 Ky
i
\/SA +d /(sA2+d2)
—1
ft ft -
vg = 12— ag = -1.112 — P J re —t
S S 7, T

*Problem 12-196

The roller at A is moving upward with a velocity v, and has an acceleration a, at s,. Determine
the velocity and acceleration of block B at this instant.

Given:

sp =4 ft ap =4 —

S
ft
vp = 3 — d=3ft

s F—d nl

Solution: _ ! [ f

SAVA d

|:SB+JSA2+d2 0=vg+— i Y
2 5 _ R -

Jsa +d L

—SAVA ft
vg = —2.4—

Vg = ——
S
,[SAZ-I—dZ

2 22
—VA —SA8A . SA VA B ft

2
\/SAZ L d? /(SAZ . d2)3 s
Problem 12-197 Lf%‘

A
Two planes, A and B, are flying at the same \ \
altitude. If their velocities are v, and vg such that AR

the angle between their straight-line courses is 6,
determine the velocity of plane B with respect to i
plane A. £\ a2 .

apg =
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Given:
km
vp = 600 —
hr
km
vg = 500 —
B hr
6 = 75 deg
Solution:
cos(6) 155.291 \ km
\ =V \Y] = J—
AV = sin(o) AV 579555 ) hr
-1 -500 \ km
Vi =V V = i
Bv B 0 Bv 0 hr
Y, =V \Y \Y; = R EL |v |—875km
BA = VBv AvV BA = 580 e BA| = pe

Chapter 12

Problem 12-198

At the instant shown, cars A and B are traveling at speeds v, and vg respectively. If B is
increasing its speed at v'5, while A maintains a constant speed, determine the velocity and
acceleration of B with respect to A.

Given:
mi
vap = 30 —
A hr B \a=
5-"".,!'
mi f\%\x—
vg = 20 — i
hr
Iy A
m| ¢ -
V'A =0 —2
hr
mi
v'g = 1200 —
hr
6 = 30 deg
r=0.3mi
Solution:

-1 -30 )\ mi
VAv = VA 0 VAv = 0 W
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o= o)

VBA = VBv — VAv

lvea| = 2657
hr

Chapter 12

(_VIAJ
apy =

0

~(—sin(6) VBZ cos(6) 554.701 ) mi

agy = V'B +— aBy = 3|75

cos(H) r sm(&) 1.706 x 10™ ) nhr

mi

( |laga| = 1794 —

hr

aBA = @Bv — 8Av aBA =

Problem 12-199

At the instant shown, cars A and B are traveling at speeds v, and vg respectively. If A is

increasing its speed at v', whereas the speed of B is decreasing at v'g, determine the velocity
and acceleration of B with respect to A.

Given:

va =30 M
AT

<-
>
|
N
o
(]
|3

<-
w
I
|
oo
o
o

6 = 30 deg
r=0.3mi

Solution:

-1 =30\ mi
\Y =V, VAY = —
Av A 0 Av 0 hr

—sin() =10 \mi
Bv =8 cos(6) B 17.321 ) hr
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2 mi mi
v = VBy-—V Y — \ = 26.458 —
BA Bv Av BA = (17 321) | BA| A
-V'a -400
apy = aAv =
0 0
(=sin(0)) ve®(cos(0) 1,555 x 10° | mi
agy = V'B + — apy = ™
cos(H) sin 6) —-26.154 hr
1955 mi
aBA = aBv — @Ay aBA = |aBA| = 1955—2
hr

*Problem 12-200

Two boats leave the shore at the same time and travel in the directions shown with the given
speeds. Determine the speed of boat A with respect to boat B. How long after leaving the
shore will the boats be at a distance d apart?

Given:
ft
va = 20 — 61 = 30 deg
s
ft
vg = 156 — 6 = 45 deg
s
d = 800 ft N4
. \\""-J;/'“'-f;f’ =5
Solution: L -
—sin(@l) cos(Hg)
VAv = VA VBv = VB| .
003(91) Sln(Hz)
Uam = v y Uam = —20.607  ft ‘o d
AB Av Bv AB 6.714 S |VAB|

fi
lvag| = 20673~ 1=36913s
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Problem 12-201

Chapter 12

At the instant shown, the car at A is traveling at v, around the curve while increasing its speed
at v',. The car at B is traveling at vg along the straightaway and increasing its speed at v'g.
Determine the relative velocity and relative acceleration of A with respect to B at this instant.

42

Given: i
m m
va = 10 < vg = 185 N SRy
1 m ' m
VA=5S—2 VB :23_2

0 =45deg p =100 m

Solution:
= 0
sin va” [ ~cos

VB V'B
VBv = aBy =
0 0

-11.43\ m

VAB = VAy — V VAB = —
AB Av Bv AB _707 .
0.828 \ m

apB = aay — a apB = —
AB Av Bv AB _4.943 32

Problem 12-202

An aircraft carrier is traveling
forward with a velocity v,. At the

instant shown, the plane at A has just

taken off and has attained a forward Al

horizontal air speed v,, measured

from still water. If the plane at B is
traveling along the runway of the
carrier at vg in the direction shown

measured relative to the carrier,
determine the velocity of A with
respect to B.
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6 = 15 deg vg = 175 —
hr

Solution:
VA ) cos(&)
VA = VB = + VB .
0 0 sin(0)
VAR = VA — V VAR = ~19.04 ) km |v | =491 km
AR TIATTE A8 4529 ) e ABL T hr

Problem 12-203

Cars A and B are traveling around the circular race track. At the instant shown, A has speed
v, and is increasing its speed at the rate of v'5, whereas B has speed vg and is decreasing its

speed at v'g. Determine the relative velocity and relative acceleration of car A with respect to

car B at this instant.
Va4

Given: 0 = 60 deg P
ra = 300 ft rg = 250 ft f// | f% |
F > 3
va = 90 1 Vg = 105 / / /j
s s I _
Va = 15 & Vg = 25 L | |g T

2 2 \ !
S S \
".'!.
Solution: N \

iy
VAy = V - VAy = 90 It \ ,/
Av A 0 Av 0 S —
—cos(&) -52.5 ) ft
B sin(o) %~ 90933 ) s
-37.5) ft ft
VAB = VAv — VBv VAB = (_90 9j; |VAB| = 98-42

-1 VA2 0 -15) ft
R T R w2
B N S
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e B R

ang = aa — a ang = 10692 1t |a |—1983ﬁ
AB A B AB 16.701 SZ AB . 82

*Problem 12-204

The airplane has a speed relative to the wind of v,. If the speed of the wind relative to the
ground is vy, determine the angle & at which the plane must be directed in order to travel in
the direction of the runway. Also, what is its speed relative to the runway?

Given:
va = 100 ™
A= hr
. H
wy = 10 lisn
w hr : W :
o {
¢ = 20 deg :
Solution:
Guesses 0 = 1deg ':._::"--'Q-___
mi -
Vag =1 hr =

o () o{ )l )

0 _ mi
= Find( 6, vag) 0=539deg  vag=961—
VAg hr

Problem 12-205

At the instant shown car A is traveling with a velocity v, and has an acceleration a, along the
highway. At the same instant B is traveling on the trumpet interchange curve with a speed vg
which is decreasing at v'z. Determine the relative velocity and relative acceleration of B with
respect to A at this instant.
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Given
vp = 30 —
S
vg = 15 —
S
m
ap =2 —
A 2 _
S
m
VB = -0.8 —2 S
S ,—:;‘,,..a—-—
p =250 m
0 = 60 deg gt
Solution:

VA aa
VAv = apy =
0 0

Vv - VB[Zf:((j;j B - V'B(::fjj ’ %2(%)

Y =V \Y VBA = N |v | =26.0 m
BA Bv Av BA 12,99 3 BA s
-1.621\ m m
a = agy—a aRA = — a =1.983 —
BA = @By — 8Av BA (_1.1 43j 2 | BA| 2

Problem 12-206

The boy A is moving in a straight line away
from the building at a constant speed v,. The

boy C throws the ball B horizontally when A is
at d. At what speed must C throw the ball so
that A can catch it? Also determine the relative
speed of the ball with respect to boy A at the
instant the catch is made.

Given:
ft
va =4 —
S
d =10 ft
h =20ft L d &
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fi
g =322~
S

Solution:

Guesses vg =1 —

1
Given h - Egt2 =0

vet=d+vat
t _ ft
= Find(t, vc) t=1115s  vg=1297—
ve s
y ~ e VA Ven = 8.972 \ ft |v | e ft
AT gt) Lo BA™ {35889 ) s BAI =202

Problem 12-207

The boy A is moving in a straight line away from the building at a constant speed v,. At what

horizontal distance d must he be from C in order to make the catch if the ball is thrown with a
horizontal velocity v:? Also determine the relative speed of the ball with respect to the boy A at

the instant the catch is made.

Given:
ft
VA =4 Z h = 20 ft :.:IH
ft ft
ve = 10 — g =322 -
S
Solution:

Guesses d=1ft t=1s

1 v
Given h - Egt2 =0 | ﬁ

vet=d+vat - o .

t
(dj = Find(t,d) t=1115s d = 6.69 ft
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Ve VA 6 ft ft
VBA = - VBA = — % =36.4—
BA [_gtj [0 j BA [—35.889) s [vaal 5

*Problem 12-208

At a given instant, two particles A and B are moving with a speed of v, along the paths
shown. If B is decelerating at v'g and the speed of A is increasing at v',, determine the
acceleration of A with respect to B at this instant.

Given:
Vo =8 — VA =5— CE o
0 S A S2 . " | A wla) = (i)
A
m L = )
a=1m v'g = -6 - /
S
{
" 1
Solution:

N | w

\HT

_alX vy = 9 wegy _ 4 L -
yo) = a(aj YO ==-y0) ¥ ) =y NG \

(1 + y'(a)z)3

p=——"T"———"— 6O=atan(y'(a)) p=7812m
y"(a)
2 . .
(cos(6)) vo©(-sin(6) VB( 1 )
ap =V +— ag = —
ATTA sin(0) p \_cos(6) B V2 -1
apB = ap—a a —(O'ZJE |a |—447m
AB = dA B AB = 446 52 AB| = 4 52
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