ENGR 243 — Solutions-Assignment 2 Dr. Ashok Kaushal

PROBLEM 11.1
The motion of a parficle is defined by the relation x =* —10¢* +8t +12 , where x and  are expressed in
meters and seconds, respectively. Determine the position, the velocity, and the acceleration of the particle
wheni=1s.
SOLUTION
r= =10 + 8 +12
v= 4 _20r+8
t
a=F 127 -2
di
At t=1s, x=1-10+8+12=11 x=1100m «
v=4-20+8=-8 v==800m's 4
a=12-2=-3§ a=-800m's* 4
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PROBLEM 11.5

The motion of a particle is defined by the relation x= 61* — 21" —121* + 3t + 3, where x and f are expressed in
meters and seconds, respectively. Determine the time, the position, and the velocity when a =0.

SOLUTION
We have x=61* =2 —12t> +3t+3
Then v=E a6 — 2443
dt
dv ,
and a=" 72 121 -24
dt
When a =0: 7217 =126 —24=12(61" —1—2)=0
or (3t—2)(2t+1)=0
2 1 .
or rzgs and rz—Es (Reject) t=0.667s 4
’ /9 2 ‘9 (2 \2 9
Atr==s: np=6| 2| =2 S| —12) 2| +3[ T |+3 of Xy =0259m 4
3 B3 T3 3] T3] 2
P 9
Vo :24[‘5,‘ _6[\3;‘ —24[‘5;‘+3 or vy, =-8.56 m/s 4
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PROBLEM 11.11

The acceleration of a particle is directly proportional to the square of the time . When ¢ =10, the particle is
at r=24 m. Knowing that at =6 s, x=% m and v=18 m/s, express x and v in terms of £.

SOLUTION

We have a=ki~ k=constant
m' ]

Now —=a=k"
di

Al =65 1v=I18 m/s:

¥ [
[Cav={ &ar
< 18 o6

1
r43=;mﬁ—zm|

or

or L'=|3+%k[.']—2|ﬁlfm."ﬁ]

Also £=\==|E§+—|krr"—zlﬁ]
i 3

At =0, x=24 m:

ar

Now

Al =65 Xx=9 m:

[ ¢ 1 3 T
_ 1o o]
IJH—L{H+3MI 216) | di

T—24=18 1—11{;[%."1 — 216 |

I I
96— 24= l-h’-{ﬁ]+?k [:{ﬁ-l' - EIﬁfﬁ}]

or k=i mss*
9
Il'fl Il 1
Then T-2A=18+—| = | =" -216¢
39/l 4 }
I 4
or Xy=—1 + 10t + 24 L |
108
117
and v=18+—] = lit" —216)
e,
) I 5
or Vil =—1r +10 L |
27
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PROBLEM 11.17

The acceleration of a particle is defined by the relation a = —&/x. It has been expenmentally determined that
v=3m/s when x = 0.2 m and that v= 3 m/s when x = 0.4 m Determune (a) the velocity of the particle when
x=0.5m (}) the position of the particle at which its velocity is zere.

SOLUTION

g viv _ —k
dr %
Separate and integrate using x= 0.2 m, v=>35 m/s.
. - Ii'l.
J-1 vv=—k| —
H 02 x

x

Ll' =—klnx
N 02
1 5 1. _5 x
S-S (= ln[ﬁ] 0
When v=3m/s, x=04m
12 1.2, [04
E{.‘A:I ——{3) =—K ln[ﬁ]
Solve for i
k=11.5416 m%/s*
(@)  Substitute k=11.5416 m*/s® and x=035 m info (1.
; ; 5
—Iv‘ ——|15J‘ =—11.5416 ln[ﬂ—}
2 2 0.2
v=1.962 m/s
(B Forw=0, [1—115]‘ =—||_54|ﬁln[i]
2 0.2
ln[%}=l.[]§§3
) x=0.591m
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10 m

PROBLEM 11.23

A bowling ball is dropped from a boat so that it strikes the surface of a
lake with a speed of 8 m/s. Assumming the ball expeniences a downward
acceleration of a=3—0.1v" when in the water, determine the velocity
of the ball when 1t strikes the bottom of the lake.

SOLUTION

where

Since v, = c, write

Integrating,

vy =B m/s,

3
k=0.1m™" and c1=—=30mﬁ
0.1 5"
c=547T72 m's
a=v—=—k{v' -7}
.d’:
L LIS
Lt -

%lnivl—f:} =—k{x—x,)

X—Xx;=10m

a=3—-0.v* = kic* —v")

L

Vo

4
Vo=
In———=-2k{x—xg)
Vg —C
2.2
V=c _ a—2k(x—x5)
T3¢
Vg~

v=c+

(v.ﬁ — i }If—ltu—:ﬂ]
= 30+[(8)* — 30] & HONOD)
=34.6014 m*/g*

v=5FkEm/s

Page S of 13



ENGR 243 — Solutions-Assignment 2 Dr. Ashok Kaushal
PROBLEM 11.28
—_— =
r Based on observations, the speed of a jogger can be approximated by the relation
v=12{1— 0.06x)"*, where v and ¥ are expressed in km /b and km_ respectively. Knowing
) : that x =0 at / =0, determine (g} the distance the jogger has mm when § =1 h, (&) the
¥ " jogger’s accaleration in m/s? at =0, () the tme requited for the jogger to mn & km.
SOLUTION
" dx n1
(@) Ve have —=v=12{1— .0x)
dt
dx [}
At1=0,x=0 =] 12
F{l-006x) -0
or L[-L\ul-c-.mw“]':m
07! 006 J ’
or 1—(1-0.06x)"T = 05044 i)
1 = LT
or r=——1—{1 - 0504y ™
u_q:-.:.l ( [
Att=1h: r= 01— [1- 05047y
0.06
or x=10.55km
(&) Wehave a=v—
- o3 _d p3
=121 - 0.06x )™ —[12(1 — 0.06x)™ |
dar
= 1271 — 0.06x )" [ 03N 006K 1 — 006xT 7]
=—2.592{1 — 0.06x) ™
-2502 km 1000m [ 1h Y
Att=0x=10r &y = :‘2 T m;-c[ J
h lkm % 3600
or g =-2x 10" mss” o
I 1
¢) From Eq, (1 t= 1—{1 - 006"
() Eq. (1) n_:u:ql ( I
When x =9 km: r=;[l—|l— T )
0.504
=0.832 hrs
or ¢t =499 min
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PROBLEM 11.34

_I.. !:L A motorist is traveling at 54 km'h when she observes

ﬁ that a traffic light 240 m ahead of her turns red. The

traffic light is timed to stay red for 24 s, If the motorist
- 28l m -

Vi wishes (o pass the light without stopping just as it
turns green again, determine (@) the required uniform
deceleration of the car, (&) the speed of the car as it
passes the light.

SOLUTION

Uniformly accelerated motion:

I =0 w,=34kmh=15m's
[
{a) X=X+ Vl +—ar
U
when =245, x=240m:

240 m =0+ (15 m/s) 24 5) +%m24 g)?

a=—04167 m/s* a=—0417 mi* «
(B v=w+at
when {=24s:

v=(15ms)+i(—04167 ms){245)
v =500 m's
v =18.00 km/ v=15%.00 kmMh -
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Ealy 1249 s
. o PROBLEM 11.39
Q'M — As relay runner A enters the 20-m-long exchange zone with a
A : 3 B speed of 12.9 m/s, he begins to slow down. He hands the baton to
g runner B 1.82 s later as they leave the exchange zone with the
X ¢ 4 . same velocity. Determine (a@) the uniform acceleration of each of
7 the runners, (#) when runner B should begin to run.
! 20rm !
SOLUTION
(@) For runner A: Xy =0+(vy)pt +%a412
At £=1.82 s: 20 m=(12.9 m/s)(1.82 s)+%a),_(l.82 5)’
or a,=-210m/s” o
Also Vy=(vy)p tayl
At r=1.82s: Vs = (12,9 m/s) +(-2.10 m/s*)(1.82 )
=9.078 m/s
For runner B: vﬁ =0+2ay [xE —'IJ]
When Xp=20m, vp=v,: (9.078 m/s)’ =2a,(20 m)
or ag =2.0603 m/s’
a; =2.06 m/'s* o
(#) For runner B: vp =0+ag(f—1z)
where {5 is the time at which he begins to run.
At t=182s: 9.078 m/s = (2.0603 m/s”)(1.82—t5)s
or tg =—2.59s
Runner B should start to run 2.59 s before A reaches the exchange zone.
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/\ PROEBLEM 11.40
- S0m f_ﬂ.ﬂ“—' A _ .
f_f..d—f"’ In a boat race, boat A is leading boat 8 by 50 m
= - : and both boats are traveling at a constant
speed of 180 km/. At (=0, the boats

accelerate at constant rates. Knowing that
when B passes A, =85 and v, =225 km',

_.-'-f"""" S determine (a) the acceleration of A, () the
: ’ acceleration of B.

SOLUTION
(@)  We have Vy =Vl tayl
vy} =180 km/h = 50 m/s
Al 1=38s: v, =225 km/h =62.5 m/s
Then 625 mfs =50 m/'s +a,(Es)
or a, =1.563 mis” o
(b))  We have

1 1

Xy = (X ) + (v )t +Ew2 =50 m -+ (50 mis)(8s) + (15625 m/s )85)° =500 m
1

and Xy =ﬂ+(v3}nf+5aﬂfz {(vylp =350 mfs

At r=8s: Xy =1xXg

500 m = (50 m/s)(8 s}+%aﬂm 5

or a.':llﬁ.=31.|3|r|:1-‘sJ -
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2

| ki ¢

PROBLEM 11.43

Two antemaobiles 4 and B are approaching
each other in adjacent hizhway lanes.
At r=10, 4 and B are 1 km apart, their
speeds are v; = 108 km/'h and vg = 63
km'h, and they are at Pomis P and 0,
respecively. KEnowing that 4 passes Point
(40 5 after B was there and that B paszes
Point F 42 5 after 4 was there, detenmnine
{a) the uniform accelerations of 4 and
B, (&) when the vehicles pass each other,
(£} the speed of B at that time.

SOLUTION

(@) We have

Alzo,

or

At i =40s:

At i =42 5:

1 5
Xy=0+{vyhpt +-agt™  (vydo =108 km/'h= 30 m/s

1000 m = (30 m/sy40 5}+2l.5'd[-14}5]2

gy =—0250 m's”

g =04 (v )yt +l—.:.-3r‘ (vgly =063 km'h =175 m's

1000 m=(17.5 m/s)42 5}+l_’u*.{42 sy

ag = 030045 m/s"

(%  When the cars pass each other

X;+ 35 =1000m

ag =0.300 m's® 4

Then (30 i) gy + %I—U‘.ESD‘ mishp +(17.5 mish
1 .
+=(0.30045 mia” Wip=1000 m
or 0.050451 3 + 950 3y —2000=0
Solving f=20822s and (=-1%04s
(=0={,=208s 4
PROELEM 11.43 (Continued)
{£)  Wehave vy =(vgly +agl
Atr=t,: vy =17.5 m/s + (030045 mis™ )} 20.822 5}
=213.756 m/s
ar vg =855 km/h 4
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PROBLEM 11.47

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

W the elevator.

SOLUTION

Choose the positive direction downward.
(@) Velocity of cable C.

¥V + 2y =constant

Ve +2vp =0
But. vy =4 mfs
or Ve =—2vpy =—8 m/fs

by Velocity of counterweight W.

¥ + ¥p = constant

i) Relative velocity of C with respect to E.

(dy Relative velocity of W with respect to E.
Ve = Vg — Vg =(—4 mfs) — (4 mfs)

Vg +Vvp =0 vy =—v;=—4mf

Ve = Ve — ¥ =(—8 mis) — (+4 m/s)

Yo =800 rn.-'sT «

Vi =4.00 m."sIA «

Ver =12.00 mis| <

Vg = 500 m."sf «
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— PROBLEM 11.57

Block B starts from rest, block 4 moves with a constant
acceleration, and slider block C moves to the right with a
constant acceleration of 75 mm/s”. Knowing that at =25 the
velocities of B and C are 480 mmy's downward and 280 mm/s o
&) Er ! the right, respectively, determine (a) the accelerations of A and B,
| % i T i it
ﬂ ’ﬂ () the initial velocities of A and C, () the change in position of

slider block C after 3 s.

SOLUTION

T3S @

3y, +4¥, + x. =constant

From the diagram

Then v, +dvy, +v. =0 (1)
and 3ay +4ag +a-=0 (2)
Given: (vg)=10,

dy = constent

(Aa-)=75 mm/s’ —»
At =25, vy =480 mm/s)
¥ = 280 mm/s —=

(@) Eg.(X)and a, =constant and 4. =constant = 4, = constant

Then vy =0+agt
At =235 480 mmys = ag (2 5)
ay =240 mm/s* or ay =240 rnm!s.:l L

Substituting into Eq. (2)
3a, +4(240 mm/s’) + (75 mm/s’ ) =0

a, =—345 mm/s or a, =345 mm.fﬁzT L |
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ik

(c)

PROBLEM 11.57 (Continued)

We have Vo =(Vplg+act
At =235 280 mmys = (v )y +(75 mmfs)i2 5)
v =130 mmss or

Then, substituting into Eq. (Dat =0

3V g + 4O+ {130 mm/s) =0

vy =—43.3 mm/s or (¥, )y =433 mm/s | <
: : I
We have Tp =Xy + (Ve lpt +—ac
| 3 7
At t=3s: X — (X)), = (130 mm/z)(3 5]+?r?n mm/s" (3 5)°
=728 mm o Xp—iXp )y =728 mm — 4

(¥ g =130.0 mm/s—= o
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