12.1 Rectilinear Kinematics: Continuous Motion

From: Engineering Mechanics, Dynamics, 6th edition
By: R.C. Hibbeler,
Solutions by: A.J.P. Schalkwijk MEng



Page 7, example 12-1: The car in fig. 12-2 moves in a straight line such that for a short time it's velocity is
defined by v=(9t"2 + 2t) ft/s, where t is in seconds. Determine its position and acceleration when t=3s.
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Page 8, example 12-2: A small particle is fired vertically downward into a fluid medium with an initial
velocity of 60m/s. If the projectile experiences a deceleration which is equal to a=(-0.4v*3) m/s*2, where v
is measured in m/s, determine the projectile's velocity and position 4s after it is fired.
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Page 9, example 12-3: A boy tosses a ball in the vertical direction of the side of a cliff, as shown in fig.
12-4. If the initial velocity of the ball is 15m/s upward, and the ball is released 40m from the bottom of the
cliff, determine the maximum height Sb reached by the ball and the speed of the ball just before it hits the
ground. During the entire time the ball is in motion, it is subjected to a constant downward acceleration of
9.81m/s”2 due to gravity. Neglect the effect of air resistance.
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Page 10, example 12-4: A metallic particle is subjected to the influence of a magnetic field such that it
travels downward through a fluid that extends from plate A to plate B, fig 12-5. If the particle is released
from rest at the midpoint C, s=100mm, and the acceleration is measured as a=(4s)m/s*2, where s is in
meters, determine the velocity of the particle when it reaches plate B, s=200mm, and the time it needs to
travel van C to B.
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Page 11, example 12-5: A particle moves along a horizontal line such that it's velocity is given by v=(3t*2-6t)m/
s, where t is the time in seconds. If it is initially located at the origin O, determine the distance traveled by the

particle during the time interval t=0 to t=3.5, and the particle's average velocity and average speed during this
time interval.
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Page12, problem 12-1: If a particle has an initial velocity of VO=12ft/sec to right, determine its position when

t=10s, if a=2ft/sec"2 to the left. Originally s0=0.
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Page 12, problem 12-2: From approximately what floor of a building must a car be dropped from an at-rest
position so that it reaches a speed of 80.7 ft/sec (55 mi/hr) when it hits the ground? Each floor 12ft higher
than the one below it.
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Page 12, problem 12-3: A particle is moving along a straight line such that its position is given by s=(4t-t"2)
ft., where t is in seconds. Determine the distance travelled from t=0 to t=5s, the average velocity, and the
average speed of the particle during this time interval.
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Page 12, problem 12-5: A particle is moving along a straight line path such that it's position is defined by
s=(10t*2+20)mm, where t is in seconds. Determine (a) the displacement of the particle during the time
interval from t=1 s to t=5 s, (b) the average velocity of the particle during this time interval, and (c) the

acceleration at t=1 s.
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Page 12, problem 12-6: A ball is thrown vertically upward from the top of a ledge with an initial velocity of
Va=35ft/sec. Determine (a) how high above the top of the cliff the ball will go before its stops at B, (b) the
time Ta-b it takes to reach its maximum height, and (c) the total time Ta-c needed for it to reach the ground
at C from the instant it is released.
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Page 12, problem 12-7: A car, initially at rest, moves along a straight road with constant acceleration such
that it attains a velocity of V=60ft/s when s=150ft. Then after being subjected to another constant
acceleration, it attains a final velocity of V=100ft/s when s=325ft. Determine the average velocity and
average acceleration of the car for the entire 325ft displacement.
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Page 12, problem 12-9: When a train is travelling along a straight track at 2m/s, it begins to accelerate at
a=(60V"-4)m/s*2, where V is in m/s. Determine the velocity V and the position of the train 3sec. after the

acceleration.
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Page 12, problem 12-10: A race car uniformly accelerates at 10ft/s*2 from rest, reaches a maximum speed
of 60mi/h, and then decelerates uniformly to a stop. Determine the total elapsed time if the distance

travelled was 1500ft.
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Page 13, problem 12-11: A small metal particle passes through a fluid medium under the influence of
magnetic attraction. The position of the particle is defined by s=(0.5t*3+4t)inch., where t is in seconds.
Determine the position, velocity, and acceleration of the particle when t=3s.
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Page 13, problem 12-13: A particle travels to the right along a straight path with a velocity v=[5/(4+s)lm/s,
where s is in meters. Determine its position when t=6s if s=5m when t=0.
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Page 13, problem 12-14: The velocity of a particle traveling along a straight line is v=(6t-3t"2)m/s, where t
is in seconds. If s=0 when t=0, determine the particle's deceleration and position when t=3s. How far has
the particle traveled during the 3-s time interval, and what is the average speed?
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Page 13, problem 12-17: At the same instant, two cars A and B start from rest at a stop line. Car A has a
constant acceleration of aA=8m/s”2, while car B has an acceleration of aB=(2t(3/2))m/s"2, where tis in
seconds. Determine the distance between the cars when A reaches a velocity of Va=120km/h.
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Page 13, problem 12-18: A particle moves along a straight path with an acceleration of a=(5/s)m/s”2,
where s is in meters. Determine the particle's velocity when s=2m if it is released from rest when s=1m.

s A v i
< - —_—a 2 p 7‘[/‘ J y A,/y S A
|( 4)_4: ! “ Vil I 5
o (%) | >, | - 2 |25
a:;_e{‘ m/s g _ }‘_' AppRIxImAL isw
’ =
az=jg; v
5‘7‘2 5
JV:}E"(f Ao = £ ‘..{.’ /(4v1= = 37¢
- ds ._47,{{- _J_S ve s VI / v
V= TV Jdvesid -4 V=357
vl = 5.5 -As LA
v-dy = %‘
ds a=o £-895¢
V'/V — 5_' 0 F¥/S - ‘;/ Z = 2 a
L0 5 G fc 2=1895 ¢
@s=/,v=0 = czo €=/03
@s=2,C=0 =2 v’ 5 ulz) Weos) = 3.75~ ’-"3/
= ~ 3. £
Elvz-.'a.‘!} Ve 5=2 Vaill)m
Vz:. {33
v = Z.KS m/s
tace 556
/
f =} &//a # Ax) +C
atd ~
Engineering Mechanics - Dynamics - R.C... 20/148 12/12/15




Page 13, problem 12-21: A particle moving along a straight line is subjected to a deceleration a=(-2v*3)m/
s”2, where v is in m/s. If it has a velocity v=8m/s and a position s=10m when t=0, determine its velocity

and position when t=4s.
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Page 14, problem 12-22: The acceleration of a rocket travelling upward is given by a=(6+0.02s) m/s”2,
where s in meters. Determine the rocket's velocity when s=2km and the time needed to reach this

elevation. Initially, v=0 and s=0 when t=0.
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calriles Salvirnw |
4y —éj dv
a= 4¢ 640.0:5 = dt ==
&7 _ (155)
a= 640025 4, %(._c Ny As 6025 = v
illd3 v &0.025:. k/(V
ds
/‘#0.0253/3: V°ﬂ{\/
;7 2 Ea
iV = 654005 +c i v=s Szo =D =0
€= 2000 ! ’z{'vz:' &)000 + 0,0/ - 20001
v‘= JoYooo

v = 322.5 /%
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vi= /25 4 0025

v=|lzs 0028 o A
~Z /125 #0015 = A¥
2 A

V:-;Tf ’{f s
- \//7-5-»‘13.025t

- ; Vs 12
Ll = Vaoz g“/VI—Z-S-/-O.vlSt + SVood + 2Vo.oz>+c

Wihen C’:O' Sso | 0= 203 nl%2.43) +C
o 265+C =) c=-265

thev s=z000 © = Jopln (3225 + 282.8Y +Y243) - 285
E= GQoz-{yy) -2/

= /9.26 sec
Page 557, integonds
A ok — —é—-> C fo2 70
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Page 14, problem 12-23: Two trains are traveling in opposite directions on parallel tracks. Train Aiis 150m
long and has a speed which is twice as fast as train B, which is 250m long. Determine the speed of each

train if a passenger in train A observes that train B passes in 4s.

a=0 — W
V= Constac BT . — A — =S S e
—

— Va ‘i é: (o) Vi
: : (]
ASsuming Lani A 1S wo€ | | Bt
moving., (xain B, which /s 26om 255 e
t”o;v, passes in 4 Secords., R >
zs0

Stﬂc speed /s 4 = 62.5 /s
We caw ffl'Z’C r/[‘/ 2(/0 {ltf'( Slfe/ (1’/)

/s &5 mis. et A
e ’ :?
| B ittt

e

= Va #
¥ Ve V(;?V;-l VZ

Va= Zvg V{~ Vs

Va= %'éS %S- = 208 m/3

VA= 2-Va =2-208 =47 M5
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Page 14, problem 12-25: The juggler maintains the motion of three balls, such that each rises to a height
of 4ft. If two balls are in the air at any one time, determine the time the third ball must remain in her hand
after the first ball is thrown.

—0 =Rt N
9/8[ {1/ \f' l‘ (:}) Jhe dime availndte 13 equrl € flo arx L e
~0—0 of nll one.
+1) below ,7‘"’" shows e vebocrly Vs Cime of datl owe.

-32¢
@.’_‘ 9)[‘{: ézj-'
b= /gfz
oot sec = time b eendh 41

rﬁ'mc availplte 15 0%5-2 = Wl sec.
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Page 14, problem 12-26: The juggler throws a ball into the air 4ft above her hand. How much time will
elapse before she must catch it at the same elevation from which she threw it? What would be the elapsed
time if she threw it 8 ft into the air?

—Q j: 317‘“" &fou ]ﬂﬁ’( sjou; //c Vefoa'c(y vs ::/:'4.¢,.
7/![ é/ \' la /:}3
Q0 —0

(+1)

b= /{C’2

feo4 sec = time G Cerch 9/1'14

Zotal time /s 05-2 = W See.

whew @)= 8H = @l = EF

2
# =1(*
£ = 0.70}

sl lime /s 0.385 - Z = LY1 Jec
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Page 14, problem 12-29: When a particle falls through

the air, it's initial acceleration a=g diminishes until it

is zero, and thereafter it falls at a constant velocity Vf. If this variation of the acceleration can expressed as
a=(g/Vfr2)(Vir2-V12), determine the time needed for the velocity to become V<VH. Initially the particle falls

from rest.
v )
= (+§) A Nl an .
> L a 7 A W (‘7‘) (Vf i"z)
4
l L o ¢
| I N
Av JV s
a= 22 22 :(%‘).[y/--y) J 5 A (MSA'NZ/
a= (.‘_,Z‘).[yfl-y") V4 /5 & ComStant
/ AT
Av 3
. a=Vrf
yv T e “ 4=
L V. 7
ZVJ&’(\;%) =yt #e
wr L Vf+v
€= 3 v &/#r?u‘ ? C
vt V£ £V ¢ 550 ; inbegaals
{ZZS,V{&' '7/—:";' + C /A; weg
Ax L ﬂ’ﬁ)
% v |4 t 1 = Za &/"X + C
{35 b (F20)+ ¢ =
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