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e12-1. A car starts from rest and with constant
acceleration achieves a velocity of 15m/s when it travels a
distance of 200 m. Determine the acceleration of the car
and the time required.

Kinematics:
vo = 0,v = 15m/s,sy = 0,and s = 200 m.
(—_t>) V2 =12 + 2a.(s — sg)
152 = 0% + 2a,(200 — 0)
a, = 0.5625 m/s? Ans.
(—t ) v=vy+ adt
15 = 0 + 0.5625¢

t=1267s Ans.

12-2. A train starts from rest at a station and travels with
a constant acceleration of 1 m/s?. Determine the velocity of
the train when ¢ = 30s and the distance traveled during
this time.

Kinematics:

a, =1m/s?,vy = 0,50 = 0,and ¢t = 305s.
(—'t>) vV =vy+ al

=0+ 1(30) = 30 m/s Ans.
+ L)
( ) s=s0+vot+5act
=0+0+ l(1)(302)
2

=450 m Ans.
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12-3. An elevator descends from rest with an acceleration
of 5ft/s? until it achieves a velocity of 15 ft/s. Determine the
time required and the distance traveled.

Kinematics:

a, = 5ft/s%, vy = 0,v = 15 ft/s,and sy = 0.

(+1) v =vy+ at

15=0 + 5t

t=3s Ans.
(+1) V2 = 1% + 2a.(s — s0)

152 = 02 + 2(5)(s — 0)

s =2251t Ans.

*12-4. A car is traveling at 15m/s, when the traffic light
50 m ahead turns yellow. Determine the required constant
deceleration of the car and the time needed to stop the car
at the light.

Kinematics:
vo= 0,5 = 0,5 = 50m and vy = 15m/s.
(—_t>) V2 =vy% + 2a.(s — sp)

0 = 15% + 2a,(50 — 0)

a, = —225m/s*> = 225 m/s> « Ans.
(5) V= + at

0 =15+ (-225)

t =6.67s Ans.
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*12-5. A particle is moving along a straight line with the
acceleration a = (12t — 3t"?)ft/s?, where ¢ is in seconds.
Determine the velocity and the position of the particle as a
function of time. Whent = 0,v = O and s = 15ft.

Velocity:
( - ) dv = adt

v t
_ _ a2
A dv % (126 = 3¢Y%)ar

t

o= (62 — 207)

V‘o

0
v = <6t2 - 2t3/2)ft/s Ans.

Position: Using this result and the initial condition s = 15ftats = Os,

(i>) ds = vdt

s t
/ ds = / (61‘2 - 213/2)dz
15 ft 0

s 4 !
— 3 5/2
SLSfI = (Zt - gl‘/)

0

s = (2t3 - %ﬁ/z + 15>ft Ans.

12-6. A ball is released from the bottom of an elevator
which is traveling upward with a velocity of 6ft/s. If the ball
strikes the bottom of the elevator shaft in 3 s, determine the
height of the elevator from the bottom of the shaft at the
instant the ball is released. Also, find the velocity of the ball
when it strikes the bottom of the shaft.

v =6+ (-322)3)

Kinematics: When the ball is released, its velocity will be the same as the elevator at ’U ~,

the instant of release. Thus, vy = 6ft/s. Also, t =3s, 5o =0, s = —h, and '0-’-6 5’ | — 2. M 2
a. = =322 ft/s%. ﬂ/ ) :1%'32‘ &3t

1, T' ]

(+T) s=so+voz+5act —][—OI

]

1

~h =0+ 6(3) + - (—-322)(3 |

(3) + 5 (-322)(%) :

h= 127t Ans. =

(+T) v =y + at h '

|

|

|

—90.6 ft/s = 90.6 ft/s | Ans.
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12-7. A car has an initial speed of 25 m/s and a constant
deceleration of 3 m/s%. Determine the velocity of the car
when t = 4 s. What is the displacement of the car during the
4-s time interval? How much time is needed to stop the car?

v=vy+ at

<
Il

25 + (=3)(4) = 13m/s Ans.

1
As:s—sozvot-i-iazcl2

As=s—0=254) + %(—3)(4)2 =76m Ans.
Vv =y t+ a.t

0=25+(-3)@®

t =833s Ans.

*12-8. If a particle has an initial velocity of v, = 12 ft/s to
the right, at s, = 0, determine its position when ¢ = 10s, if
a = 2 ft/s? to the left.

(=) s

L 5
so + vot + Eact

0 + 12(10) + %(—2)(10)2

= 20 ft Ans.

©12-9. The acceleration of a particle traveling along a
straight line is @ = k/v, where k is a constant. If s = 0,
v = vy when ¢t = 0,determine the velocity of the particle as
a function of time ¢.

Velocity:

() =

t v

dv
e
fa= [
t v

1
dt:/*vdv
IKENE:

t 1 )

=
o 2k

Vo

(=5 (- w)

v =V2kt + vy? Ans.
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12-10. Car A starts from rest at + = 0 and travels along a
straight road with a constant acceleration of 6 ft/s> until it
reaches a speed of 80 ft/s. Afterwards it maintains this

60 ft /s

B
/A"l\\
=)

speed. Also, when ¢ = 0, car B located 6000 ft down the
road is traveling towards A at a constant speed of 60 ft/s.
Determine the distance traveled by car A when they pass
each other.

Distance Traveled: Time for car A to achives v = 80 ft/s can be obtained by
applying Eq. 12-4.

(—t) v =+ a.t
80 =0 + 6¢
t =13.33s

The distance car A travels for this part of motion can be determined by applying
Eq. 12-6.

(—t) V2 = v} + 2a, (s — so)
807 = 0 + 2(6)(s; — 0)
s; = 533.33 ft

For the second part of motion, car A travels with a constant velocity of v = 80 ft/s
and the distance traveled in ¢’ = (¢; — 13.33) s (¢, is the total time) is

(5) 5 = ' = 80( — 13.33)

Car B travels in the opposite direction with a constant velocity of v = 60 ft/s and
the distance traveled in ¢, is

($) S3:‘Ut]:60[1
It is required that
AN + A\Y) + §3 = 6000
533.33 + 80(¢; — 13.33) + 60t; = 6000
ty = 46.67s
The distance traveled by car A is

sS4 =58 + 5 = 53333 + 80(46.67 — 13.33) = 3200 ft Ans.

Sl
I

6000 ft—»‘
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12-11. A particle travels along a straight line with a
velocity » = (12 — 3r%) m/s, where ¢ is in seconds. When
t = 1s, the particle is located 10 m to the left of the origin.
Determine the acceleration when ¢ = 4 s, the displacement
from ¢ = 0 tot = 10, and the distance the particle travels
during this time period.

v =12 — 3
d
a= ?: = —6t - = —24m/s2

4
N t t

/ ds = /th= /(12*31‘2)61[
—-10 1 1

s+10=12t — £ - 11
s=12 -1 -21

Sli=g = —21

Sli=10 = —901

As = —901 — (—21) = —880m
From Eq. (1):

v = Owhent = 2s

sl—y =122) = 2 =21 = =5

st =21 -5)+ (901 = 5) =912m

@

Ans.

| 9ol m

ZIm

~5m

= ~ . 4
t=10s t 01 -»—-)-’lj-/L‘ t=2s

T

———m e — e ———— == —
t } I+ scm)
o1 =2l -5 0

Ans.

Ans.
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*12-12. A sphere is fired downwards into a medium with
an initial speed of 27 m/s. If it experiences a deceleration of
a = (—6t) m/s?>, where ¢ is in seconds, determine the
distance traveled before it stops.

Velocity: vy = 27 m/s at t, = 0s. Applying Eq. 12-2, we have

(+4)

dv = adt

v t
/ dv = / —6tdt
27 0

v=(27-32)m/s [1]

Atv = 0,from Eq.[1]
0=27-3%> t=300s

Distance Traveled: s, = 0 m at ¢, = 0's. Using the result v = 27 — 3¢? and applying
Eq. 12-1, we have

(+4)

ds = vdt

N t
= _ 742
/0 ds /0 (27 — 362) dr

s= (271 = F)m 121
Att = 3.00s, from Eq. [2]
s = 27(3.00) — 3.00° = 54.0m Ans.
*12-13. A particle travels along a straight line such that in
2 s it moves from an initial position s, = +0.5m to a
position sz = —1.5 m. Then in another 4 s it moves from sz
to sc = +2.5 m. Determine the particle’s average velocity
and average speed during the 6-s time interval.
As = (s¢c — s4) =2m
st =(05+15+15+25)=6m
t=Q2+4)=6s
A 2
Vavg = 25 I 0.333 m/s Ans.
St 6
(Vsplavg = i 1m/s Ans.
25m J
L l5m 0-5i
t2s
\L;——*---¢ ’ff=0 t=6s-
O ettt L LS
1 t —~5(m)

1

g
1
05 R

%)
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12-14. A particle travels along a straight-line path such
that in 4 s it moves from an initial position s, = —8m to a
position s = +3 m. Then in another 5 s it moves from s to
sc = —6 m. Determine the particle’s average velocity and
average speed during the 9-s time interval.

Average Velocity: The displacement from A to Cis As = s¢c — Sy, = =6 — (—=8)
=2m.

As 2
Vae = 3 T 45 0.222 m/s Ans.

Average Speed: The distances traveled from A to B and B to C are
Sg>p=8+3=11.0m and sg_c =3 + 6 = 9.00m, respectively. Then, the
total distance traveled is sy = S4 —p + Sp—c = 11.0 — 9.00 = 20.0 m.

( ) _ STot _ 20.0
UspJae = A T 4+ 5

=222m/s Ans.

L 8m ;]l 3m ]l
©] > .
em }
O-(——————-—(——/
| 1 1
— —t
S57-8m Sz-om SO Ipm3m

12-15. Tests reveal that a normal driver takes about 0.75 s
before he or she can react to a situation to avoid a collision.
It takes about 3 s for a driver having 0.1% alcohol in his
system to do the same. If such drivers are traveling on a

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

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

(—t) vzzv%+2ac(s—s0)
07 = 44> + 2(-2)(d — 33.0)

d = 517 ft Ans.

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

(=) v = v + 2a. (s — )
07 = 44> + 2(-2)(d — 132)

d = 616 ft Ans.
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*]12-16. As a train accelerates uniformly it passes
successive kilometer marks while traveling at velocities of
2 m/s and then 10 m/s. Determine the train’s velocity when
it passes the next kilometer mark and the time it takes to
travel the 2-km distance.

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

(—t) V=2 + 2a. (s — )
10? = 22 + 2a, (1000 — 0)
a, = 0.048 m/s?

For the second kilometer, v, = 10m/s, sy = 1000m, s = 2000m, and
0.048 m/s>. Thus,

($) V2= vy + 2a. (s — sp)

v? = 10% + 2(0.048)(2000 — 1000)

v =14m/s Ans.
For the whole journey, vy = 2 m/s,v = 14 m/s, and 0.048 m/s2. Thus,
(ﬁ) v =vy+ at

14 = 2 + 0.048¢

t =250s Ans.

*12-17. A ball is thrown with an upward velocity of 5 m/s
from the top of a 10-m high building. One second later
another ball is thrown vertically from the ground with a
velocity of 10 m/s. Determine the height from the ground
where the two balls pass each other.

Kinematics: First, we will consider the motion of ball A with (v4)y = 5m/s,
(54)0 = 0,54 = (h — 10)m, ¢, = t',and a. = —9.81 m/s%. Thus,

<+T) sa=(sa)o+ (va)oia + %actAz

1
h—10=0+ 5t' + E(—9.81)(:')2
h =5t — 4.905(t')* + 10 )

Motion of ball B is with (vg)y = 10m/s, (sz)g =0, sp =h, tp=1t" — 1 and
a, = —9.81 m/s*. Thus,

1
(*T) sg = (sg)o + (v)otp + 5 e tg’

h=0+10( —1) + %(—9.81)0’ - 1)

h = 19.81 — 4.905(r')* — 14.905 Q)

Solving Egs. (1) and (2) yields

h=454m Ans.

t' =1.68m

W),=5mis

1om

N

[y pp—_—

=i

g

O
J
]

2.81m|s?
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12-18. A car starts from rest and moves with a constant
acceleration of 1.5 m/s” until it achieves a velocity of 25 m/s.
It then travels with constant velocity for 60 seconds.
Determine the average speed and the total distance traveled.

Kinematics: For stage (1) of the motion, v =0, s =0, v =25m/s, and
a, = 1.5m/s%

($) v =vy+ at

25 =0+ 1.54
1 = 16.67 s
($) V2 =vy% + 2a.(s — sp)

252 =0 + 2(1.5)(s; — 0)
s; = 208.33 m

For stage (2) of the motion, sy = 108.22 ft, vy = 25 ft/s,t = 60s,and a. = 0.Thus,

(—_t>) s:so-l-vot-i—%actz

s = 208.33 + 25(60) + 0

= 1708.33ft = 1708 m Ans.

The average speed of the car is then

s 1708.33
Vo = =
M+t 16.67 + 60

=223 m/s Ans.

12-19. A car is to be hoisted by elevator to the fourth
floor of a parking garage, which is 48 ft above the ground. If
the elevator can accelerate at 0.6 ft/s?, decelerate at
0.3 ft/s?, and reach a maximum speed of 8 ft/s, determine
the shortest time to make the lift, starting from rest and
ending at rest.

+1 Vv =i+ 2a. (s — sg)

Vi = 0+ 2(0.6)(y — 0)

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

ey

y=1601t,  vpa = 4382 ft/s < 8 ft/s

+1 v=vy+a.t

#3-1

4382 =0+ 061
t=17303s
0=4382 - 031,
t, = 14.61s

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

10
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*12-20. A particle is moving along a straight line such that
its speed is defined as v = (—4s%) m/s, where s is in meters.
If s=2m when ¢ =0, determine the velocity and
acceleration as functions of time.

v = —4s?
ds
7_,42
dr s

s t
/s’zds= /—4dt
2 0
=575 = —4uff

1
t= Z(s—1 - 0.5)

2
ST 8+ 1
2\ 16
v = _4(8t n 1) = (—7(& n 1)2) m/s Ans.
L dv 6@+ 1)) [ 256
Cdar (S + 1t ((St + 1)3) m/s* Ans

11
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*12-21. Two particles A and B start from rest at the origin
s =0 and move along a straight line such that
ay = (6t — 3) ft/s?> and ag = (12¢> — 8) ft/s?, where ¢ is in
seconds. Determine the distance between them when
t = 4 s and the total distance each has traveledin¢ = 4.

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

dUA = LlAdt
vy t
dvy = /(6t — 3)dt
A b 7 0.5 ft
— 22 _
Vyq = 3[ 3[ (O
dUB = aBdl ******** O
s ‘ L d05f
/ dvg = /(12t2 — 8)dt Sg=-050t $,=0 $4 =400 ft
0 0 t=1s t=0s (=4s
vp =48 — 8
%-J_f‘_.i
The times when particle A stops are Q’;—~0
32 -3t =0 t=0sand = 1s S S O o
e -l
. . ; . 19 ft o
The times when particle B stops are Sp=-4.0ft S4=0 Sp=192

=\1' =03 -
43 -8 =0 t=0sands = \V2s r=N2s 1=0s 1=4s

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

dSA = 'UAdt

Sa t
/ ds, / (3> — 3t)dt
0 0

3 3 2

Sqa =10 — t

2
dSB = UBdt

sp t
/ dsg / 48 — 8)dt
0 0

SB:l4_4t2

The positions of particle A att = 1sand 4 s are

3
Salieiy =17 = > (1%) = —0.500 ft

3
Splieas =4 — 2 (4%) = 40.0 ft
Particle A has traveled

d, = 2(0.5) + 40.0 = 41.0 ft Ans.

The positions of particle B at t = \V2sand4sare
spli—va = (V2)* — 4(V2)2 = —41t
Splims = (4 — 4(4)* = 192 ft
Particle B has traveled
dp = 2(4) + 192 = 200 ft Ans.

Att = 4 s the distance beween A and B is
As p = 192 — 40 = 152 ft Ans.

12
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12-22. A particle moving along a straight line is subjected
to a deceleration a = (—2v%) m/s?, where v is in m/s. If it
has a velocity v = 8 m/s and a position s = 10 m when
t = 0, determine its velocity and position when ¢t = 4s.

Velocity: The velocity of the particle can be related to its position by applying

Eq. 12-3.
ds = vdv
a
N v d
Lo L2
10m 8m/s 2v
1 1
S — 10 = % - R
8
Y7 T6s — 159 &

Position: The position of the particle can be related to the time by applying Eq. 12-1.

dz=@

v
t N 1
/dz = / —(16s — 159) ds
0 10m 8

8¢ = 8% — 159s + 790

Whent = 4s,
8(4) = 85> — 1595 + 790
8s* — 1595 + 758 = 0
Choose the root greater thanl0ms = 11.94m = 11.9m Ans.

Substitute s = 11.94 m into Eq. [1] yields

8

- °  __02 Ans.
V= l6(1194) — 159 ~ 020m/s ns

13
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12-23. A particle is moving along a straight line such that
its acceleration is defined as @ = (—2v) m/s?, where v is in
meters per second. If v = 20 m/s when s = 0 and ¢t = 0,

determine the particle’s position, velocity, and acceleration
as functions of time.

a= —2v
dv

= -2

dt Y

vd t
V:/—Zdt
20 V 0

In— = 2
20
v = (20e”*)m/s Ans.
a= fl‘; = (—40e™)m/s? Ans.

s t t
/ds = /vdt = /(ZOele)dt
0 0 0

s = —10e72) = —10(e™* — 1)

s =10(1 — e™*)m Ans.

14
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*12-24. A particle starts from rest and travels along a
straight line with an acceleration a = (30 — 0.20) ft/s?,
where v is in ft/s. Determine the time when the velocity of
the particle is v = 30 ft/s.

Velocity:

() =

a
t v
d
0 0 30 — 0.2v

1
| — —
t 02 In(30 — 0.2v)

v

0

30
=Sl 0
30
=Sl = 112 Ans.
L= S0 2(50) s ns

¢12-25. When a particle is projected vertically upwards
with an initial velocity of vy, it experiences an acceleration
a = —(g + kv*) ,where g is the acceleration due to gravity,
k is a constant and v is the velocity of the particle.
Determine the maximum height reached by the particle.

Position:

vdy

(—i—T) ds =

a
/ s = / o v
0 Vo F4 + kV
sy = —{Lln(g + kvz)}
0 2k

1 WK + kvy?

T M\ g+ 2
The particle achieves its maximum height when v = 0. Thus,

1 g + kvy?
hmax = 2kln<g

1 k
= 2kln<1 + gV02> Ans.

4

Vo

15
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12-26. The acceleration of a particle traveling along a
straight line is @ = (0.02¢") m/s?, where ¢ is in seconds. If
v=0, s =0 when ¢ =0, determine the velocity and
acceleration of the particle at s = 4 m.

Velocity:  ; = 0.02¢°3° = 413 m /s? Ans.
( 5 ) dv = adt

v t
/ dv = / 0.02¢' dt
0 0

t

v], = 0.02¢"

0
v =[0.02(e" — 1)] m/s o))

Position:

(ﬁ) ds = vdt

N t
= L
/0 ds /0 0.02(¢' — 1)dt

t

sly = 0.02(¢" — 1)

0
s = 0.0Z(el —t— 1>m

When s = 4m,
4=002e —r—1)
e —1—-201=0
Solving the above equation by trial and error,
t=5329s
Thus, the velocity and acceleration when s = 4 m (¢ = 5.329 s) are
v =002(e>? — 1) = 411 m/s Ans.

a = 0.02¢%% = 413 m/s? Ans.

12-27. A particle moves along a straight line with an
acceleration of a = 5/(3s'3 + s7?) m/s?, where s is in
meters. Determine the particle’s velocity when s = 2 m, if it
starts from rest when s = 1 m. Use Simpson’s rule to
evaluate the integral.

5

‘T (3s% + s%)

ads =vdy
2 v
5d
/%=/Vdv
1 (3 +52)  Jo
08351—l 2
. —2V

v =129m/s Ans.

16
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*12-28. If the effects of atmospheric resistance are
accounted for, a falling body has an acceleration defined by
the equation a = 9.81[1 — v*(10™*)] m/s?, where v is in m/s
and the positive direction is downward. If the body is
released from rest at a very high altitude, determine (a) the
velocity when ¢ = 5s, and (b) the body’s terminal or
maximum attainable velocity (as t — 00).

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

_dv
a

(+1) dt

t v
dv
/ i = / .
o b 9.81[1 — (0.01v)?]

‘= 1 { dv . dv }
9.81 [ Jo 2(1 + 0.01v) o 2(1 — 0.01v)

1+ 0.0lv)

9.81r = 501n< T

B 100(60.1962[ _ 1)

v 1]
1962 |

a) Whent = 5s,then, from Eq. [1]

100[60.1962(5) _ 1]

v=—"——""——""=455m/s Ans.
019625 4 | /

0.1962r __ 1

b) Ift > — 1.Then, from Eq.[1]

P
60'1962t +1

Umax = 100 m/s Ans.
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*12-29. The position of a particle along a straight line is
given by s = (1.5 — 13.5t + 22.5¢) ft, where ¢ is in
seconds. Determine the position of the particle when
t = 6s and the total distance it travels during the 6-s time
interval. Hint: Plot the path to determine the total distance
traveled.

Position: The position of the particle when ¢t = 6sis

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

Ans.

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

Eq.12-1.

d
v = d—j = 4.50% — 27.0¢ + 22.5

The times when the particle stops are
4.506% — 27.06 + 225 =0

t=1s and t=135s

The position of the particle at = 0s,1s and 5s are
slimos = 1.5(0%) — 13.5(0%) + 22.5(0) = 0

slmis = 1.5(1%) = 135(1%) + 22.5(1) = 105 ft
s’,ZSS = 1.5(5%) — 13.5(5%) + 22.5(5) = =375t
From the particle’s path, the total distance is

Sor = 10.5 + 48.0 + 10.5 = 69.0 ft

Ans.

(a-o o

4

/Mkl I/a-sftl

¥

== - |

= ?
Se3I5ft S:20ft  Sw0 Sw05dt
te55 t= 65 tso t:=is
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12-30. The velocity of a particle traveling along a straight
lineis v = vy — ks, where k is constant. If s = O when ¢ = 0,
determine the position and acceleration of the particle as a
function of time.

Position:

() =%

v
t N
d
o= 50
0 o vo — ks
1 s
t|6 =% In (vo — ks) .
1 Vo
t=—Inl —
k n(vo - ks>
kt _ Yo
¢ vo — ks
_Y —k
s—?(lfe ’) Ans.
Velocity:
ds d | v k }
=22 MY t
YT a T [k ( )
v =ve ¥
Acceleration:
dv d —k
-
a= —kve ™ Ans.

12-31. The acceleration of a particle as it moves along a
straight line is given by a = (2t — 1) m/s?, where ¢ is in
seconds. If s = 1 mand v = 2 m/s when = 0, determine the
particle’s velocity and position when ¢ = 6 s. Also, determine
the total distance the particle travels during this time period.

/Ot(Zt —1)dt

=2 —t+2

N t
/ds:/(tz—t-i-Z)dt
1 0
1

1
s=*t3—5t2+2t+1

S—
Q‘<
<

[

<
I

3
Whent = 65,
v =32m/s Ans.
s =67m Ans.
Since v # 0 then
d=67—-1=66m Ans.
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*]12-32. Ball A is thrown vertically upward from the top
of a 30-m-high-building with an initial velocity of 5 m/s. At
the same instant another ball B is thrown upward from the
ground with an initial velocity of 20 m/s. Determine the
height from the ground and the time at which they pass.

Origin at roof:

Ball A:
(+T) S:SO+V01‘+1H [2
2 C
1 2
—s =0+ 5t — 5(9.81)t
Ball B:

+T s=s0+v0t+lact2
(+1) 5

1
—s = —30 + 20t — 5 (9.81)¢

Solving,
t=2s Ans.
s =9.62m

Distance from ground,

d = (30 — 9.62) = 20.4m Ans.

Also, origin at ground,
Lo,
s =Sy + vyt + —a.t
2
1 2
sq =30+ 5+ 5(*9.81)t
1 2
sp =0+ 20r + 5(—9.81)[

Require
S4 = Sp

1 1
30 + 5t + 3 (—9.81)2 = 20t + 5(79.81)12

t=2s Ans.

sg = 204 m Ans.

J

-+
[0}
-———y

; v

3

=2

— e &
|

> D>

I

535S

a5

3om
+3 }
T ?ZOM/S
L3t

origin at ?muno(
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*12-33. A motorcycle starts from rest at ¢+ = 0 and travels
along a straight road with a constant acceleration of 6 ft/s
until it reaches a speed of 50 ft/s. Afterwards it maintains
this speed. Also, when ¢ = 0, a car located 6000 ft down the
road is traveling toward the motorcycle at a constant speed
of 30 ft/s. Determine the time and the distance traveled by

the motorcycle when they pass each other.

Motorcycle:

(i>> v=vy+ta.t
50 =0+ 6t
t'=833s

v =% + 2a. (s — sp)

(502 = 0 + 2(6)(s’ — 0)

s" = 208.33 ft

In ¢ = 8.33 s car travels

s" = vot' = 30(8.33) = 250 ft
Distance between motorcycle and car:

6000 — 250 — 208.33 = 5541.67 ft

When passing occurs for motorcycle,
s =Vt x = 50(t")
For car:

s=vot;  5541.67 — x = 30(")

Solving,
x = 3463.54 ft
t" =69.27s

Thus, for the motorcycle,
t =6927 + 833 =776s

5, = 208.33 + 3463.54 = 3.67(10)° ft

+.8.23¢ $-8.335

) 50#s 30&/5\ +0
B N NI
] 4 o
VA P 554147 -X  250ft
208-33ft

Ans.

Ans.
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12-34. A particle moves along a straight line with a
velocity v = (200s) mm/s, where s is in millimeters.
Determine the acceleration of the particle at s = 2000 mm.
How long does the particle take to reach this position if
s = 500 mm when ¢t = 0?

Acceleration:

(5) %=200s

Thus,a = v% = (2005)(200) = 40(10%)s mm/s?

When s = 2000 mm,
a = 40(10°)(2000) = 80(10°) mm/s? = 80 km/s? Ans.
Position:

()@=

v
t N
d
J= Ly
0 500 mm 200s
t s
1

t| =—lIns
0 200 500 mm
PR T
200 500
At s = 2000 mm,
_ 12000 .
= oo gy = 6:93(107)s = 6.93 ms Ans.
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®]12-35. A particle has an initial speed of 27 m/s. If it
experiences a deceleration of a = (—6t) m/s?, where ¢ is in
seconds, determine its velocity, after it has traveled 10 m.
How much time does this take?

Velocity:
( o ) dv =adt

t t
/dv = /(—6t)dt
27 0

t
_(_ap2
27 ( u )

v =(27 — 3t) m/s

14

0

(ﬁ) ds = vdt

s t
= _ 242
A ds A (27 = 32%)dt

s t
= (27t - t3)
0

s = (27t — ) m/s

N

0

When s = 100 m,
t=0372s Ans.
v = 26.6m/s Ans.

*12-36. The acceleration of a particle traveling along a
straight line is @ = (8 — 2s) m/s?, where s is in meters. If
v =0 at s = 0, determine the velocity of the particle at
s = 2m, and the position of the particle when the velocity
is maximum.

Velocity:
(i>) vdv = ads

/vdv: /(8—2s)ds

0 0

v N

—| = (8s - sz)

21, 0

v = V16s — 25’ m/s
Ats =2m,

v

s=2m = V16(2) — 2(22) = +4.90 m/s Ans.

d
When the velocity is maximum df‘; = (0. Thus,

dv_ 1645
ds  2\V/16s — 25

16 —4s =0

s=4m Ans.
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¢12-37. Ball A is thrown vertically upwards with a
velocity of v,. Ball B is thrown upwards from the same point
with the same velocity ¢ seconds later. Determine the
elapsed time ¢ < 29/, from the instant ball A is thrown to
when the balls pass each other, and find the velocity of each
ball at this instant.

Kinematics: First, we will consider the motion of ball A with (v4)y = vg, (s4)o = 0,
Sq4 = h,[A = t’,and (aC)A = —4.

(“‘T) sa= (sa)o + (Vadota + %(%)A ta®

1
h:0+mﬂ+§k@@Y

h=vt' — gt'z a
<+T) va= (a)o + (@)ata ~

va=vo + (=8)1)

va=vo— gt @ —
The motion of ball B requires (vg)g = vo, (5g)o =0, s = h, tg =t'—t, and
(ac)B = —&

&—-

|

<+T) sg = (splo + (vp)oip + %(ac)z;fz;2

h:0+%0—0+%&@@—ﬁ

—

h=m@—ﬂ—§@—02 3) A >B
<+T) vg = (Vg + (a)plp Ca)

vp=vo + (=g)t'— 1)

vg=vy— gt —1) @

Solving Egs. (1) and (3),

- ) 8,
Vo' — Etz = vt =) = S ('~ 1)?
2vy + gt
=25 g Ans.
2
Substituting this result into Eqgs. (2) and (4),
2vy + gt
VA= Vo= 8\ T 5
8
1 1
= —Egt=5gtl Ans.
_ (ZVO + gt t)
Vp=Vo— § 2
1
=_—gt Ans.
28 1 ns
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12-38. As a body is projected to a high altitude above the
earth’s surface, the variation of the acceleration of gravity with
respect to altitude y must be taken into account. Neglecting air
resistance, this acceleration is determined from the formula
a = —go[R*(R + y)?], where g, is the constant gravitational
acceleration at sea level, R is the radius of the earth, and the
positive direction is measured upward. If g, = 9.81 m/s* and
R = 6356 km, determine the minimum initial velocity (escape
velocity) at which a projectile should be shot vertically from
the earth’s surface so that it does not fall back to the earth.
Hint: This requires thatv = Oas y — ©0.

vdv = ady
0 00
d
/vdv:—gORz/ 7))2
v 0 (R+y)
v g R |
2 v R+y0

= V/2(9.81)(6356)(10)

= 11167 m/s = 11.2 km/s Ans.

12-39. Accounting for the variation of gravitational
acceleration a with respect to altitude y (see Prob. 12-38),
derive an equation that relates the velocity of a freely falling
particle to its altitude. Assume that the particle is released from
rest at an altitude y, from the earth’s surface. With what velocity
does the particle strike the earth if it is released from rest at an
altitude y, = 500 km? Use the numerical data in Prob. 12-38.

From Prob. 12-38,

R2
N a=-g 5
(R + y)’
Since ady = v dv
then
Y dy v
—go R? — = d
s /yo (R +y) /ov '
1 Y V2
RZ -
go {R + yL 2
1 1 V2
g R[ - 1=+

Thus

v = —R | 2800~y
(R + y)(R + yo)

When yy = 500km, y =0,

<
Il

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

v = —3016 m/s = 3.02km/s | Ans.
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*12-40. 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 vy. If this variation of
the acceleration can be expressed as a = (g/ vzf)(vzf — %),
determine the time needed for the velocity to become
v = vy/2. Initially the particle falls from rest.

1 Vit VAL g
——In =t
2vy vi—vVv/)lo vf

vy vy + v
t=—In
2g Ve — v
vy <Vf + Vf/2>
t=—1In
2g Vf Vf/2
1%
t = 0.549(?) Ans.
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*12-41. A particle is moving along a straight line such that
its position from a fixed point is s = (12 — 152 + 5¢%) m,
where ¢ is in seconds. Determine the total distance traveled
by the particle from ¢ = 1stot = 3s. Also, find the average
speed of the particle during this time interval.

Velocity:

(&) v=§=%(12—15t2+513)

v = =30t + 15 m/s

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

v =30t + 15> = 0
(=30 + 15¢r) = 0
t=0and2s
Position: The positions of the particle at# = 0's, 15,25, and 3 s are
slieos = 12 = 15(0%) + 5(0°) = 12m
she1s =12 = 15(1%) + 5(1°) = 2m
slmas = 12 = 15(2%) + 5(2°) = -8 m
Sliess =12 = 15(3%) +5(3%) = 12m

Using the above results, the path of the particle is shown in Fig. a. From this figure,
the distance traveled by the particle during the time intervalt = 1stot = 3sis

St = (2 +8) + (8 +12) =30m Ans.

The average speed of the particle during the same time interval is

_ STot _ 30 _
Vo = A T3 o1 15 m/s Ans.

R —— ——— A S =

|

N o o v o > - - ———— - -

+t=25% t=15 t=0s,3s
| - p———5(m)
-8 o 2 12

(@)
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12-42, The speed of a train during the first minute has
been recorded as follows:

t(s) 0 20 40 60
v (m/s) 0 16 21 24

Plot the v—¢ graph, approximating the curve as straight-line
segments between the given points. Determine the total
distance traveled.

The total distance traveled is equal to the area under the graph. Vmk »
1 1 1 2
St =5 (20)(16) + ) (40 — 20)(16 + 21) + ) (60 — 40)(21 + 24) = 980m  Ans. ¢
211
16
o f (s

<0 +0 60
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12-43. A two-stage missile is fired vertically from rest B
with the acceleration shown. In 15 s the first stage A burns
out and the second stage B ignites. Plot the v—¢ and s—¢ a(m/?) A
graphs which describe the two-stage motion of the missile
for0 =t = 20s.
25
181
t { 1 (s)
15 20
Since v = / a dt, the constant lines of the a—¢ graph become sloping lines for the v—¢ graph.
The numerical values for each point are calculated from the total area under the a— graph to
the point.
Att =155, v = (18)(15) = 270 m/s
Att = 20s, v =270 + (25)(20 — 15) = 395 m/s
Since s = / v dt, the sloping lines of the v—¢ graph become parabolic curves for the s— graph.
The numerical values for each point are calculated from the total area under the v— graph to
the point.
1
Att =15s, s = 5(15)(270) =2025m
1
Att = 20s, s = 2025 + 27020 — 15) + 5(395 — 270)(20 — 15) = 3687.5m = 3.69 km
Also: V(mls)
0=t=15: 395 +
a=18 2704+
v=vygt+at=0+ 18t
L 2
s=5y+vot +—-a.t"=0+0+ 9
2 : ——t—t0
/5 20
Att = 15:
v = 18(15) = 270
3{m)
= 9(15)* = 2025
§ = 9(15) 366751
15 =t = 20:
a=125
ROR5 1
v=vg+at=270 + 25(t — 15)
Lo 1 2
s=sy+ vot + Eact = 2025 + 270(t — 15) + 5(25)(t - 15)
5 ? { ——105)
When ¢ = 20: } = 20

v =395m/s

s = 3687.5m = 3.69 km
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*12-44. A freight train starts from rest and travels with a
constant acceleration of 0.5 ft/s?. After a time ¢’ it maintains a
constant speed so that when ¢ = 160 s it has traveled 2000 ft.
Determine the time ¢’ and draw the v—¢ graph for the motion.

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

1
(—t) s=s0+v0t-i-§azct2
1
s1=0+0+ 5(0.5)(1")2 = 0.25(t')
The velocity at time ¢ can be obtained by applying Eq. 124 with v, = 0.
(5) v=uvy+at =0+ 0.5 = 0.5¢ 1

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

(5) 5, = vty = 0.5¢'(160 — ') = 80t' — 0.5(t")?
If the total distance traveled is st,; = 2000, then
STot = 1 + 82
2000 = 0.25(z')> + 80t' — 0.5(¢')?
0.25(¢')> — 80t’ + 2000 = 0
Choose a root that is less than 160 s, then

t' =2734s =273s Ans.

v —t Graph: The equation for the velocity is given by Eq. [1]. When ¢ = t' = 27.34s5,
v = 0.5(27.34) = 13.7 ft/s.

VCRs)
3117 :
L-v=05t :
i L
°l 273 160

tes)
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e12-45. If the position of a particle is defined by
s = [2sin (7r/5)t + 4] m, where ¢ is in seconds, construct
the s—t,v—t,and a—t graphs for 0 = ¢ = 10s.

ol s=2sin(%t)+4

2,—;-
- ' } : — tes)
25 5 7.5 /10
v{mfs)
AT
J ’2/=-2?77(05[%t)
25 &5
5 } — 7(s)
75 /0
21
5

_ar¢
25
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12-46. A train starts from station A and for the first
kilometer, it travels with a uniform acceleration. Then, for
the next two kilometers, it travels with a uniform speed.
Finally, the train decelerates uniformly for another
kilometer before coming to rest at station B. If the time for
the whole journey is six minutes, draw the v—¢ graph and
determine the maximum speed of the train.

For stage (1) motion,
<i’> vi = v+ (ad t

Vimax = 0+ (a1 11

Vmax = (@111 @
<i’> vi? = vo® + 2(a)i(s1 — s0)

Vmax> = 0 + 2(a,);(1000 — 0)

_ Vmax2 2)
(ac)l - 2000 (

Eliminating (a.); from Egs. (1) and (2), we have
2000

f 3

Vmax

For stage (2) motion, the train travels with the constant velocity of v, for
t = (t — t1). Thus,

1
<__t)> S2:S1+V1[+E(LZC)2[2
1000 + 2000 = 1000 + vy (12 — 1) + O
2000
Lh—h= N @
max

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

(+) V3 = vy + (a.)st

0 = Vinax — (a0)3(360 — 1)

Vimax = (a)3(360 — 1) ©)
(+) 32 = 1,2 + 2(a)s3(s3 — )

0 = Vmax” + 2[—(a.)3](4000 — 3000)

2

Vmax
(as = oo (©)

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

2000
360 — 1, = )
Vmax
Solving Egs. (3), (4), and (7), we have
t; = 120s t, = 240s
Vmax = 16.7 m/s Ans.

Based on the above results the v—¢ graph is shown in Fig. a.

Ylmfs)

/67 +—

i
Q

Zlé o f(f)
€Y
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12-47. The particle travels along a straight line with the v (m/s)
velocity described by the graph. Construct the a—s graph.
o
134 ‘
10— Ly=5+7
~v=2s+4
T
T T s (m)
a—s Graph:For 0 = s < 3m, 3
dv 5
(5) a=v-=(2s+ 42 = @5+ 8 ms
Ats = 0m and 3 m,
aly—om = 4(0) + 8 = 8 m/s?
aly—3m = 4(3) + 8 = 20 m/s?
For3m < s = 6m,
__t) dV )
(5) a=voo=(s+ N0 = (s +ms
Ats =3 mand 6 m,
aly—3m =3 + 7 = 10 m/s?
aly—gm = 6 + 7 = 13 m/s?
The a—s graph is shown in Fig. a.
A
almfs*)
a=4518
201+ a=8t+7
134
/O~
8 e
|
= | 3(m)
3 G
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*12-48. The a—s graph for a jeep traveling along a straight a(m/sd)
road is given for the first 300 m of its motion. Construct the
v-s graph. Ats = 0,v = 0. I%
B B
2
|
200 300 ° @
a—s Graph: The function of acceleration a in terms of s for the interval
Om =< s <200mis
a—-0_ 2-0 _ )
=0 2000 a = (0.01s) m/s
For the interval 200 m < s = 300 m, vimk) A ,]‘—Om
a—2 0—-2 7 - e
= = (—0.02s + 6) m/s*
s =200 300 —200 = (002 F6)m/s 2004 o |
|
. . L . . V=045 | |
v —s Graph: The function of velocity v in terms of s can be obtained by applying i I
vdv = ads. For the interval 0m < s < 200 m, ; i
| |
vdv = ds 5 ZJT 3i 5(my
00 0
v s
/ vdv = / 0.01sds
0 0
v = (0.1s) m/s
Ats = 200 m, v = 0.100(200) = 20.0 m/s

For the interval 200 m < s =< 300 m,

vdv = ads

v s
/ vdv = (—0.02s + 6)ds
2

0.0m/s 200m

v = (V-0.025* + 125 — 1200) m/s

Ats =300m, v = \V—-002(300% + 12(300) — 1200 = 24.5 m/s
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*12-49. A particle travels along a curve defined by the
equation s = (> — 3r% + 2¢) m. where ¢ is in seconds. Draw
the s — ¢, v —t, and a — ¢ graphs for the particle for
0=r=3s.

s=0 3%+ 2

ds
= —=3%—-6t+2
Y dt
dv
=—=6—6
a dt

v=0at0 =326t +2

t = 1.577s,and t = 0.4226 s,
Sli=1577 = —0.386 m

Sli=0.4226 = 0.385 m

S(m) vmfs)
/ a(m/s)
4 I J2+
a=6t-6
PUTI V=3t-6t+2
i f(s )
2 ° ! 2 3
\){425 ] /
0 f tes)
0385 I 158 I LA gy 3 3 —o
0| < —# ] f(s)
-0385 +— 2 3
0423
12-50. A truck is traveling along the straight line with a
velocity described by the graph. Construct the a—s graph
for 0 = s = 1500 ft. v (ft/s)
v = 0.6 s34
a—s Graph: For 0 = s < 625 ft, 75%
() a=v2_ (0.6s3/4)F(O.6)s’1/4} = (0.275"2)tt /s?
ds 4
] | s(ft)
Ats = 625t 625 1500
tlc2
dlyes . = 0.27(625'2) = 6.75ft/s> acdfs*)
- %
For 625 ft < s < 1500ft, a=0-275
A
dv
- =v—=750) =0
(=) a=v =750
_ . - } 4 SO
The a—s graph is shown in Fig. a. Fo) i o
()
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12-51. A car starts from rest and travels along a straight
road with a velocity described by the graph. Determine the
total distance traveled until the car stops. Construct the s—¢
and a—t graphs.

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

(ﬁ) ds = vdt
s t
/ds= /tdt
0 0
2
s = 5 m
When ¢t = 305,

30?
S :7:450m

For the time interval 30s < ¢t = 90 s, the initial condition is s = 450 m when
t = 30s.

( 5 ) ds = vdt
s t
/ ds = (—=0.5t + 45)dt
450 m 30s
1,
s = th + 45t — 675 | m
Whent = 90,

_ 1

2 p—
o005 =~ (907) + 45(90) — 675 = 1350 m

s‘ Ans.

The s —t graph shown is in Fig. a.

a—t Graph: For the time interval 0 < ¢ < 305,

dv d
=—=—@)=1 2
¢ dt dt() m/s
For the time interval 30s < t = 90,
dv d
=—=—(-05¢+ = —0. 2
a=— dt( 0.5t + 45) 0.5m/s

The a—t graph is shown in Fig. b.

Note: Since the change in position of the car is equal to the area under the v—¢
graph, the total distance traveled by the car is

As = / vdt

1
0 = - (90)(30)

S|t=90s -

S|, oo, = 1350's

v(m/s) T
30 4——
o= v=—05t+45
T T T t(S)
30 60 90
3(m) N
S=-Lt¥+45t-C]5
/350 1 )
1 2
450 4= %
; —t(s)
30 )
(A
aimls®)
4=
30 7 ts)
o
=ga7 A=05
(b
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*]2-52. A car travels up a hill with the speed shown. v (m/s)
Determine the total distance the car travels until it stops
(t = 60s). Plot the a—t graph.
104
Distance traveled is area under v—t graph. 30 go 1)
1 2
s = (10)30) + 5 (10)(30) = 450m Ans. amls?)
p 30 60
t(s)
-0-333
¢12-53. The snowmobile moves along a straight course v (m/s)
according to the v—t graph. Construct the s— and a—t graphs &
for the same 50-s time interval. When ¢t = 0,s = 0. d
R

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

ds 12
= — For ti int 10s=¢r<30 =—t=|=t .
v dl‘ Oor time mterva S S,v 30 5 m/s

ds = vdt
s t
2
ds:/*tdt
Lo )3
1
= (57)m
Atr =30s s=1(302)=180m
’ 5

For time interval 30 s < ¢t = 50 s,

ds = vdt

N t
/ ds = / 12dt
180 m 30s

s = (12t — 180) m

Att = 50s, s = 12(50) — 180 = 420 m

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

a= @ For time interval 0s =< 30s and 30s <t =150s, a= dv = 2
dt J dt 5
=04m/s’and a = de; = 0, respectively.

30

t(s)

50

—_—t()

30

50
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12-54. A motorcyclist at A is traveling at 60 ft/s when he
wishes to pass the truck 7" which is traveling at a constant
speed of 60 ft/s. To do so the motorcyclist accelerates at
6 ft/s? until reaching a maximum speed of 85 ft/s. If he then
maintains this speed, determine the time needed for him to
reach a point located 100 ft in front of the truck. Draw the
v—t and s—¢ graphs for the motorcycle during this time.

Motorcycle:

Time to reach 85 ft/s,

v=vy+ a.t

o0
O
Il

60 + 6t

4.167 s

-
Il

<
Il

2 =3+ 2a, (s — s0)
Distance traveled,
(85)% = (60)* + 2(6)(s,, — 0)
S, = 302.08 ft
Int = 4.167 s, truck travels

s, = 60(4.167) = 250 ft

()1 = 60 ft/s

(V)2 = 85 ft /s

Further distance for motorcycle to travel: 40 + 55 + 250 + 100 — 302.08

=142.92 ft
Motorcycle:
s =95y + vyt
(s +142.92) = 0 + 85¢'
Truck:

s =0 + 60t
Thust' = 5.717 s
t = 4167 + 5717 = 9.88 s

Total distance motorcycle travels

st = 302.08 + 85(5.717) = 788 ft

=
-@,A v, = 60 ft/s <P
- s
40 ftd—s5 ft— 100 ft —
S54=302.08ft,  Sp
’ [ Motarbike
i-(\:%5 -302.08
=42-92ft
! 1 Truck.
D7 5 A
k S5t t 100,
345t
V(Hs)
85
60
7 + t(s)
417 988
S
788
302
t(s)
of 417 988

Ans.
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12-55. An airplane traveling at 70 m/s lands on a straight a(m/s%) D
runway and has a deceleration described by the graph. =

Determine the time ¢’ and the distance traveled for it to
reach a speed of 5 m/s. Construct the v— and s—t graphs for

this time interval, 0 = ¢t = ¢'. 5 r
! ! [(S)
|
v —t Graph: For the time interval 0 = ¢ < 5 s, the initial condition is v = 70 m/s
whent = 0Os. ~10 1
( % ) dv = adt

v t
/ dv = / —10dt
70 m/s 0

v = (=10t + 70) m/s

Whent =5,
V=55 = —10(5) + 70 = 20 m/s

For the time interval 5s < ¢ < ¢, the initial condition is v = 20 m/s whent = 5s.

(i>) dv = adt

v t
/ dv = /—4dt
20 m/s Ss

v = (—4t + 40) m/s

When v = 5m/s,
5= —4" + 40 t' =875s Ans.

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

Av = /adt

5 — 70 = —[5(10) + 4" - 5)]
t' = 8.75s'

The v—t graph is shown in Fig. a.

A (mls)

S=-2¢*440t #]s
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12-55. Continued

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

($) ds = vdt

s t
/ds = /(—10[ + 70)dt
0 0

s = (—5t2 + 701)m
Whent =S5,

= —5(5%) + 70(5) = 225m

S’z:S s

For the time interval 5 < t = t' = 8.75 s the initial condition is s = 225 m when
t=135s.

(5) ds = vdt

N t
/ ds = /(*41‘ + 40)dt
225m 5

s = (=22 + 40 + 75)m

Whent =t = 8.75s,

S|, g5, = —2(8.75%) + 40(8.75) + 75 = 271.875m = 272m Ans.

Also, the change in position is equal to the area under the v— graph. Referring to
Fig. a, we have

As = /vdt

1 1
S|, _grs.— 0 = S (70 +20)(5) + (20 + 5)(375) = 271875 m = 272m  Anms.

The s—t graph is shown in Fig. b.
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*]12-56. The position of a cyclist traveling along a straight
road is described by the graph. Construct the v— and a—t

graphs.
s (m)
s = —0.625 £ + 27.5t — 162.5
137.5
v —t Graph: For the time interval 0 < ¢ < 10,
ds d
(&) v= o= o (0057) = (0157 mys
When ¢t = 0s and 10 50
en s an S, *‘/s 0055
v],_, = 0.15(0?) = 0 vy, = 015(10%) = 15 m/s | 1)
10 20
For the time interval 10s < ¢t = 20s,
(&) pod_d (—0.6252 + 27.5¢ — 162.5) = (—1.25¢ + 27.5) m/s
dt dt
Whent = 10s and 20 s,
V10 = —125(10) + 27.5 = 15m/s
Vim0 = —125(20) + 27.5 = 25 m/s
The v—t graph is shown in Fig. a.
a—t Graph: For the time interval 0 = ¢ < 105,
dv d
5 -2 2\ — 2
(&) a =" = (015%) = (0.30) m/s
Whent = 0sand 10 s,
d,_,. = 03(0) =0 d,_,, = 03(10) = 3m/s’
For the time interval 10s < t = 205,
dv d
- = = S (—125t + 275) = —1. 2
(&) a =" = (-125 +27.5) = ~125m/s
the a—t graph is shown in Fig. b.
2
vm/s) , a(mis®)
2
=0/5t .
v a=0-3t
15 T°777 31+~
l -
. V=-/251+2]5
| 2 tes)
$
! 70 !
25 LAy ~125 T
} 1 t( 5)
0 A0

(&)
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¢12-57. The dragster starts from rest and travels along a
straight track with an acceleration-deceleration described
by the graph. Construct the v—s graph for 0 < s < s', and
determine the distance s’ traveled before the dragster again
comes to rest.

v —s Graph: For 0 =< s < 200 m, the initial conditionisv = 0 ats = 0.

( 5 ) vdv = ads
v N
/ vdv = / (0.1s + 5)ds
0 0
> 4 s
—| = (O.OSS2 + SS)
0 0
v = < \V0.1s? + 10s) m/s
Ats =200 m,

v

a(m/s?)

254
a=01s+5—

—15-

s=200m = V0.1(2002) + 10(200) = 7746 m/s = 77.5 m/s

For 200 m < s =< s', the initial condition is v = 77.46 m/s at s = 200 m.

()

vdv = ads

v N
/ vdyv = / —15ds
77.46 m/s 200 m

4

2
v = 155
2 77.46 m/s

v = (V/=30s + 12000) m/s

Whenv = 0,

s
‘200 m

0 =V -30s" + 12000 s'" =400 m

The v—s graph is shown in Fig. a.

Ans.

Vm(s*)

775+

1200

‘ s (m)

=75 524103

Y= [-305 +/2000

()

1 sim
i )
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12-58. A sports car travels along a straight road with an
acceleration-deceleration described by the graph. If the car
starts from rest, determine the distance s’ the car travels
until it stops. Construct the v—s graph for 0 = s = s'.

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

($) vdv = ads
v S
/vdv= /6ds
0 0
2
%:6s

v = <\@sl/2) ft/s
When s = 1000 ft,

v = V12(1000)2 = 109.54 ft/s = 110 ft/s

a(ft/s?)

1000 s

s(ft)

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

( 5 ) vdv = ads
/ vdy = / —4ds
109.54 ft/s 1000 £t
2 v
V s
) = —45|1000
109.54 ft/s
v = (V20000 — 8s) ft/s
Whenv = 0,

0 ="V20000 — 8’

s" = 2500 ft

The v—s graph is shown in Fig. a.

//0 1

Ans.

v (ffs)
Y= JZS*
V= },wooo -85

{ VR S(ff)
1000 5=2500

(~)
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12-59. A missile starting from rest travels along a straight a(m/s)
track and for 10 s has an acceleration as shown. Draw the
v—t graph that describes the motion and find the distance i
traveled in 10 s. 40
/‘“a =2t+ 20
30 +——
Fort = S,
| ——a=6t
a= 6t
dv = adt
v t
/ dv = / 6t dt 1(s)
0 0 5 10
v =3
Whent =5,
vimls)
v =75m/s
04
For5 <t < 10s, <
a=72t+20
dv = adt
v t
/dv = /(2t+20)dt 75
75 5
v —75 =7+ 200 — 125 = (s
5 /

v=7~+20t — 50

Whent = 10s,
v = 250 m/s

Distance att = 5's:

ds = vdt

s 5
/ ds / 3% dt
0 0

s=()P=125m

Distance att = 10s:

ds = vdy

s 10
/ ds = / (2 + 20t — 50)dt
125 S

1 10
s— 125 ==+ 10 - SOt}
3 5

s =917m Ans.
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*12-60. A motorcyclist starting from rest travels along a
straight road and for 10 s has an acceleration as shown.
Draw the v—t graph that describes the motion and find the
distance traveled in 10 s.

For0=1<6 dv = adt
v t
1
dv=/*t2dz
A o 6
1 5
=t
T
ds = vdt
s t
1 3
ds=/—t‘dt
L= [
1y
=t
T
Whent = 65, v =12m/s s =18 m

For6 <t =10 dv = adt

v t
/dv= /6dt
12 6

v==6t —24

s =vdt

d

N t
/ds: /(6t—24)dz
18 6

s =312 — 24t + 54

When ¢ = 105, v = 36 m/s

s =114 m

a (m/s?)

Ans.

V(ms)

12+

V=6t-24-

10

(O o

/0

1(s)

t(s)
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*12-61. The v—t graph of a car while traveling along a
road is shown. Draw the s—¢ and a— graphs for the motion.

Ay 20

=t =< =— =" =4m/s
0=t=5 a=- 5 m/s
Av 20— 20 5
=t =< =—= =
5=1t=20 a=y 20 =5 0m/s
Av._ 0-20 )
< < = — = = —
20 =t =30 = T 30-20 2m/s

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

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

sp = Ay + A, =50 + 2020 — 5) = 350 m

1
s3= A1+ Ay + A3 =350 + 5(30 — 20)(20) = 450 m

The equations defining the portions of the s— graph are

v (m/s)

20

i t(s)

1)

s t
0=r=S5s v=4r, ds=vdt /ds=/4tdt; s =2
0 0
s t
5=t=20s v = 20; ds = v dt, /ds=/20dt; s =20t — 50
50 5
s t
20=t=130s v =230 — 1) ds = vdt, /ds=/2(30—t)dt; s = —12 + 60t — 450
350 20
3¢m)
amls*) S=—t*bot-450
450 1+ '
4 350+
20 30 5=20t-50
tes)
0 =
-2
504
} }
0 : 2 3
5 0 0
L5-2zt’“
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12-62. The boat travels in a straight line with the
acceleration described by the a—s graph. If it starts from rest,
construct the v—s graph and determine the boat’s maximum
speed. What distance s’ does it travel before it stops?

v —s Graph: For 0 = s < 150 m, the initial conditionis v = O ats = 0.

( 5 ) vdv = ads
/vdv = /(—0.025 + 6)ds
0 0
v2|"

- (~0.015> + 65)),

v = (\/ —0.025* + 12s) m/s

alm/s) e
6,
a=—002+6
3
y(m
150 g
_4,

The maximum velocity of the boat occurs at s = 150 m, where its acceleration

changes sign. Thus,

Vaax = Vsmisom = V=0.02(1502) + 12(150) = 36.74 m/s = 36.7 m/s

For 150 m < s < s', the initial condition is v = 36.74 m/s at s = 150 m.

( - ) vdv = ads
/ vdy = / —4ds
36.74 m/s 150 m
2 v S
v = —4s
2 36.74 m/s 150 m

v="V-8s + 2550 m/s
Thus, when v = 0,

0="V-=8s + 2550 s"=3187m = 319m

The v—s graph is shown in Fig. a.

Ans.

Ans.

v(mls)

367 T

V= |-255>+/25

V- [z ram

|
150 31875 sCm)

(A4)
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12-63. The rocket has an acceleration described by the
graph. If it starts from rest, construct the v—¢ and s—¢
graphs for the motion for the time interval 0 < ¢ < 14s.

v — t Graph: For the time interval 0 < ¢ < 9 s, the initial conditionis v = 0 ats = 0.

(+1)

dv = adt

v t
/ dv = / 6t'2dt
0 0

v = <4t3/2)m/s

Whent = 9s,
Vo, = 4(97%) = 108 m/s

The initial conditionis v = 108 m/s att = 9s.

(+1)

dv = adt

v t
/ dv = | (4 — 18)dt
108 m/s 9s

v = (22 — 181 + 108) m/s

Whent = 14 s,

Vzias = 2(142) — 18(14) + 108 = 248 m/s
The v—t graph is shown in Fig. a.

s —t Graph: For the time interval 0 = ¢ < 9 s, the initial condition is s = 0 when
t=0.

(+T) ds = vdt
s t
/ ds = / 4832 dt
0 0
3 5
= Spn
75
Whent = 9s,
Sli=os = §(95/2) = 388.8m
oy = %

For the time interval 9s < ¢t =< 14 s, the initial condition is s = 388.8 m when
t =9s.

(+1)

ds = vdt

N t
/ ds = /(212 — 18t + 108)dt
388.8 m 9s

2
s = <§ £ — 9% + 108t — 340.2> m
Whent = 14,
2 3 2
Sli-1as = 5 (14°) - 9(14%) + 108(14) — 3402 = 1237 m

The s—t graph is shown in Fig. b.

a(m/s?)
38
@ = 36t Ca=d4r—18
84— \—
T T t(s)
9 14
v(mls)
VY=21t>18t+108
248 -
/08T
tls)

(@)

SCm)  5=5t-g¢*p08t-340

/.237 .

369

)

_B8.54
S'—;f

1+

N

%)

t(5)
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*12-64. The jet bike is moving along a straight road v(m/s)
with the speed described by the v—s graph. Construct the
a—s graph.
v =557
75—
0= =025+ 120

15 | |

a — s Graph: For 0 =< s < 225m, T T s(m)
225 525

W can\(dip) 2
(—t) a—va—(Ss/)(Es 2) =125m/s
For225m < s = 525m,
(&) a= v% = (=025 + 120)(—0.2) = (0.04s — 24) m/s>
A

At s = 225 m and 525 m,

dsmapsm = 0.04(225) — 24 = —15m/s’

aly—s25m = 0.04(525) — 24 = —3 m/s?

The a—s graph is shown in Fig. a.

a(mfs®

125
12.5 A=l

} 5Cm)

P d:i{;S—Z‘f

(a)
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¢12-65. The acceleration of the speed boat starting from a(ft/s?)
rest is described by the graph. Construct the v—s graph.

10
a=0.04s + 2~

v —s Graph: For 0 =< s < 200 ft, the initial conditionis v = 0 ats = 0. 200

($> vdv = ads

/ vdv = / (0.04s + 2)ds
0 0
2 4

= 0.025% + 2s
0

v = V0.04s% + 4s ft/s

Ats = 200 ft,

‘ s
0

14

w00 = V0.04(2002) + 4(200) = 4899 ft/s = 49.0t/s
For 200 ft < s = 500 ft, the initial condition is v = 48.99 ft/s at s = 200 ft.
( 5 ) vdv = ads

/ vdy = / 10ds
48.99 fit/s 200 ft

2 4
Vv s
) - 103‘200 ft
4899 ft/s
v = V20s — 1600 ft/s
At s = 500 ft,

s=s00e = V20(500) — 1600 = 91.65 ft/s = 91.7 ft/s

The v—s graph is shown in Fig. a. (V (ftlﬁ )

14

o= 205-/600
)

9/.7 -+

49.0°

|

500

s(ft)

S(ft)

50
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