Solution Manual

Chapter-12
12.1:
x=A cos 2xft
dx .
V—E——Zﬂ'fA sin 27 ft
d? 2
a=d—’§=—(27£f) A cos 2rft
t
12.2:
x=20 -8 +4-2  x/,_3,=2(3P-8(3)’+4(3)-2=-8m
v=67—16t+4 V_33=6 (3’ —16 (3) +4 =10 m/s
a=12t-16 al,_53, =12 (3) — 16 = 20 m/s’
12.3:
x=r+~+t+1 Xir =P+ (22 +(2)+1=15m
v=3~2+2t+1 Vi_ys=3QF+2@2)+1=17 m/s
a=6t+2 al,_p =6 (2) +2 =14 m/s®
12.4:
x=r£+3t+5 X,—p=5m X,y =2>+3Q2)+5=19m
v=3+3 vl,_o=3m/s Vi_y=3 2y +3=15m/s
a =6t al,_y=0 ¢ al,—p =6 (2) =12 m/s>
12.5:
x=£ -3 +72+6 (i) x/-p,=2"-302)P +22+6=2m
v=47r — 97 + 2t Vi_as=4 (2 -9 (2 +2(2)=0m/s
a=127—18t+2 al,_y, =12 (2)* =18 (2) + 2 = 14 m/s*
Giy V= P=x@ 1522 5
3-2 1
(i), = 2=V _ 320 _ 53 e
3-2 1
(iv) a=0=127—18¢+2
= 6 - 9t+1=0
= 9£\9"-4(O) _ 9£755 1.38 s (or)
12 12
=0.12s
12.6:
x=i—2—t3—£+3t+4
12 3
3 2
v=4—t—6L—5£+3
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=@=-50¢+1
= t=35s
x/—5s=—"T475m
vl—5s=-730.33 m/s

12.7:
x=0-55¢+8t-6
v=3F-11t+8
a=6t—11
When it reaches momentary rest, v =0
115

0=37-11t+8=t= — ls, 2.67s
When a=0,7=11/6=1.83s

x=-3.65m
v=-2.08 m/s
At t=0, x=-6m
t=1s, x=-25m
i.e v=0

t=183s x=-3.65m
Distance travelled = |-2.5 — (—6)| + |-3.65 — (- 2.5)|

=35+1.15
=4.65 m
12.8:
f3
x=3 - 157 —41+5
v=~-3t-4
a=2t-3
v=0= (t—4)(t+1)
t=4s,— s
X/,_4s=—13.67m
al,_ 4, =5 m/s*
12.9:
a=73t
3¢

v=——+c¢
2



At t=0,v=0=>¢=0
3
x=§t—+c2
23
At t=0,x=2m,=>c,=2

N

X +2
X/—4s=34m

3
V4= Etz =24 m/s

al,_ 4 =12 m/s’
12.10:
a=3F -4
3 4
3L_4L+cl
3 4
—t3—t4+c1
At t=0,v=0=¢=0
v =2 -1
4 5
x=t——t—+c2
4 5
At t=1s, x=0,
1 1
0=-—-—-+c¢
1 2
- te = c S
20 720
P
x=—_- -
4 5 20
12.11:
a=hkt—1
2
:_t_t+c1
At t=0,v=0,
= O—Cl
kt*
= 1
2
At t=2s, v=2m/s
2
= KO,

2

Solution Manual
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2=2k-2
v=t1—¢
3 2
x=t——t—+c2
3 2
At t=0,x=0 = ¢ =0
£
r=t
3 2

X/,—3s =4.5m
v/,:3s=6m/s
al,_3,=2t—1=5m/s’
12.12:
a=kt*-3
3
v=k—t -3t+ ¢
3
At t=0,v=0=c¢=0
At =35, v=9 = 9=§(®3—3G)
= k=2

£ -3t

<
Il

cor,

4 2

At t=0,x=0=>¢=0
Xy~ 9 =-333m
X/,=2s=—0.67 m/s

al,_y, =2 -3
2

Wi W

X

=5m/s
12.13:

At t=2s, v=2m/s, = ¢, =0
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V=121
= Z 2= 3
3/2 3
12.14:
a=hkv
& _
dt
d
L —kar
v
Inv="ht+c
At t =0, v=yy = c=Inv
h Y=k
VG
= v=v0ekt
N
x=-2 +c
A 2
At t=0,x=0=c,= 2
k
Vo 1 kt
x=-—=[e"-1
k[ ]
12.15:
a=g—kv
Y,
a
dv — it
g—kv
-1
—In(g—-hkv)=t+
1
At t=0, v=0 > c1=—zlng
el P S
g—kv
g _m
g—kv
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g —kt
Z[1-e™]=v
k[ ]
—kt
x=§[t+e }—i—q
k k
At t=0,x=0=
_~&g
x=§t+%efkt %
k k k
g g —kt
=2 =2171-—
k kz[ ]
12.16:
-1
2
g _dvdx _ dv_ -1
dt dedt dx  x*
1
vdv=——
2
2
v_:l+c1
2 X
4
At t=§s,x=2,andv=1m/s
1 1
—:—+01:>C1:O
2 2
v :l
2 X
v=42x"?
ﬂ_ﬁxq/z
dt
dx
=2
3 3
23 g3,
2 J2
12.17:

¥, = 150 kmph = 41.67 m/s
a=-2.5m/s
v=1kmph = 0.28 m/s



yv=y, tat

Solution Manual
028 =41.67-25t = t=16.56s

S.67

1
s=Vyt+ — at’ = 41.07 (16.56) — 5(2.5) (16.56)2 =34726 m
12.18:
s=100 m
V,=0

a=22m/s’

1
s= V(,t+—at2

1
100 =0+ 5(2'2) £=1t=953s
12.19:

v =54 kmph = 15 m/s
a=1m/s’

t=10s

v=1V,+at

=15+ (1) (1.0) = 25 m/s = 90 hmph
12.20:

V,= 60 kmph = 16.67 m/s
s=150m

v2=V(,2+Zas

0= (16.67)* + 2 (a)(150)
= a=-0.926 m/s’
12.21:

a=1m/s?

v =72 kmph =20 m/s
t=10s

1
s=vt——at2

/ } s 1 !
1 s 4
=20 (10) ~ (1) (10)* = 150 m
(i)  v=V,+at

Vv
station ;3 200m

v, =20 — (1)(10) = 10 m/s = 36 kmph
12.22:

s=200m
t=10s
a=1m/s
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1 5
S=V,t+ Eat

200 = v, (10) + %(1)(10)2

= v, =15m/s
v=y,tat
=15+ (1)(10) = 25 m/s
12.23:
v, =80 m/s
s=1200 m
v=0
(i) V=Vr+2as
0 = 80° + 2 (a) (1200)
= a=-2.67 m/s*
(i) v/,_s=v,+at

=80+ (- 2.67) (5) 0
= 66.65 m/s
12.24:
v = 80 kmph = 22.22 m/s
t=20s
s+1=(22.22) 20
200 + /=444 .4
= [=2444 m
12.25:
v=1m/s
a=03 m/s®
s;=1(+30)

sy=(1) 1+ %(0.3);2

1
s1=s2:>t+30=t+5(0.3)t2

60 =7 = t=14.14s
0.3

s;=1(t+30)=44.14 m -

60 kmph

80 kmph

12.26:

AT N

B
4
7

V, =60 kmph = 16.67 m./s ¥
Vg =80 kmph = 22.22 m/s
Vet =V>2+2as

200 m



12.27:

12.28:

12.29:

2
L (2222)

—(16.67)*

2(200)

VB=VA+at

_2222-1

0.54

6.67

Vi=Vv,+2as

16.67>=0+2 (0.5
s =2573m
VA = I/o +at’

t =16.67/0.5

v, =0

4)s’

4=30.87s

vy =45 kmph = 12.5 m/s
vz = 60 kmph = 16.67 m/s
VB2 = VA2 + 261(5’)

. (16.67)* — (12.5)*

2(1000)

vg=vytat

,_1667-125

0.061
vA2 = Vo’ + 2as
o 125-0

2(0.061)
=1.28 km

=6836s

’

=1280.74 m

vy =54 kmph = 15 m/s
vg = 90 kmph = 25 m/s

vg =v, tat
25-15
a=

v32=vA2 + 2 as

2(125)

vy =10 m/s
x; =5m

25 —15%

1.25 m/s?

=160 m

=10.28 s

=0.54 m/s’

=0.061m/s>

v =15m/s
X, =15m

Solution Manual  S.69
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s=15-5=10m
v22=v12+2as
152=10% + 2 a (10)
= a=625m/s

v12 =v02+2a (x1 — xp)
10% = vy* + 2 (6.25) (5)
= vy =6.12 m/s
12.30:
v, =u (1) v =u+at
v—u
V=V = a= ;
s=1 (i) Vv =u?+2al
, - l:vz—uzz(v—i-u)(v—u)
2a 2-a
v+u
(iii) vm2=u2+2aé
=u* +al
=u2+[a'v+u't}
2
_u2+a.v+u.v—u
2 a
_2uz+vz—u2
- 2
V2+u2
2
VPl
= v, = 5
12.31:
vy =0 Ver =0
a; =1 m/s* a, =12 m/s*
t t—4

1 1,
si=Vot+ Eal £ $H=Vpp bt 502 153




1 1 5
= —aF =vp -4+ —a (-4
2@ 02 (1—4) 2 2 (1-4)
Loy (- 47
=—a (f—
PR
When car B overtakes car A,
51 =85 =
1 1 5
—a P =—a,(1—4
74 2 2 (1-4)
P=120-4>=12F+16-8)
= 027+192-9.61=0
£ —48t+96=0
. 48+ ,/48% — 4(96)
2
t=4591 s (or) 2.09 s
1 1
s1=—a; £ =—1(45.91)* = 1.054 km
2 2
12.32:
v; = 60 kmph = 16.67 m/s V=0
(® (t-3)
a = 0 a, = 2 m/s2
1
sy =vit 5=V h T 502&
1 2
=V (t_3)+5(12 (t-3)
1 2
=—a,(t-3
5 as ( )
When car overtakes the truck, S] =8 =
1
16.67 ¢ = 52 (t — 3)?
= +9-6t
£-2267t+9=0=1t=2227s (or) 0.40 s
s;=v; t=16.67 (22.27)=371.2 m
12.33:
v = 54 kmph = 15 m/s v, = 72 kmph = 20 m/s
t (t-2)
sl=vlt S2:V2(t—2)
When car overtakes the truck, S =8y =

Vlt:V2(t—2)

Solution Manual
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15¢=20(t-2)
t=28s
sp=15(8) =120 m
12.34:
v =0 vy =45 kmph = 12.5 m/s
t=15s t=15s
S| = Vo1 t+%a1 t Sy =Vt
L
2
when car overtakes truck, S| =8y =
%al (15)* = 12.5 (15)
a =2 =167 ms
15
S» =V, t=12.5(15)=187.5m
vi=vy +a; t=0+(1.67) (15) =25.05 m/s
=~ 90 kmph
12.35:
v,1 =45 kmph = 12.5 m/s vy = 60 kmph = 16.67 m/s
s =300 m
a; =—-0.5 m/s’ s, =16.67 (0.7)
sp=12.5 (0.7) =11.67 m
=8.75m
s=279.58 m
vt =v,>+2as]
0=(12.57 +2 (- 0.5) (s7)
= s{=156.25 m
s7=12333 m
V2 = vt + 2ay 55
= a= 0-(667° _ 1.13 m/s?
2(12333)
12.36:
Vo1 = 15 m/s vy = 10 m/s
s =100 m

a, =0 a, = 0.5 m/s®



1
s;=100+15¢ s, =107 + 5(0'5) t?
when car overtakes truck, S| =85, =
1
100 +15¢=101¢+ 5(0'5) 7

02574-5¢t—100=0
1=132.36s
s;= 100 + 15 (32.36) = 585.4 m
Va= v, tayt =10+ 0.5 (32.36) = 26.18 m/s

Solution Manual

12.37:
v; = 72 kmph = 20 m/s
a =-1 m/s?
5
v, =3 kmph = — m/s
6 20 M/SHR -~ mmmmmmmm e
t,=120s s
ay = 0.5 m/s’
- R ) R —— :
= Z20+56 _ 19.17s 1

-1 4 )

5= 11204+2 ] [19.17] = 199.69 m
2 6

s2=%><120=100m

_ 20-5/6

f =38.33s

53 = 12042 |[3833] = 39927 m
2 6

s=s7+s5; +53=698.96 m
=699 m
t:tl +t2+t3 =177.5s

. . . 698.9
Time taken to travel with constant velocity = 0 =3495s

Time lost = 177.5 — 34.95

=142.6s
12.38:
v, =0
a=1m/s

v =60 kmph = 16.67 m/s

S.73
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s=51 5 +53=5000 m
16.
t = ﬂ =16.67s
1 16.67m/s| ...
! 1
s = E 16.67 x 16.67 = 138.94 m !
16.67 — i
t =M=33.34s 1
0.5 Sy )
1
s3 = 5(16.67) (33.34) = 277.89 m i b
s, = 5000 — 138.94 — 277.89 = 4583.17 m
t, =27494 s
T =t +t,+t=1667+274.94 +33.34 =32495=325s
12.39:
v, =0
a=1m/s
vi=(1)(2)=2m/s
1
s1==2)2)=2m
2 lm/s2
S, =2%x10=20m R
5 0.5 m/s
t3:& =4s Sy S S3
1 2s 10s
S$3=—=%xX2x4=4m
2
H=s5+5+5=2+20+4=26m
T:t1+l2+l3:2+10+4:l65
12.40:
20
14:— =40s
05
T:tl+t2+t3+t4:3055
s;=15(10) = 150 m 20 mls
1 | .
s2=515 [20 + 15] =262.5 m / !
53 =20 x 240 = 4800 m tms L 05ms
1 Sy : S S3 LSy
S4:EX20X40:400H1 ' 3

S =5 + SH + 853 + Sy 10s 15s 240s t
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=5612.5m
=5.613 km
12.41:
s = 6000 m
v, =0
a; =0.5 m/s’
vy = 54 kmph = 15 m/s

0.5
15
5| 55
4 2}
15
H=—= 30 s
05

1
$1%5= 215 ¥ 30+ 15 (1~ 30)
=15¢-225

Vo2 = 0
a,=0.6 m/s’
v, = 72 kmph = 20 m/s

20 m/s
0.6

, ,
s s

4 15}

th= 20 _ 3333 s
0.6

1
s{+5{= 220 %3333+ 20 x (1 - 33.33)
=20¢-333.3

S +S2 +S{+S2/: 6000
35 ¢t—558.3 = 6000

t=187.38s
s +5,= 15 (187.38) — 225
=2.59 km
12.42:
v, =20 m/s
Q) V,_2=v,—gt=20-9.81(2)=0.38 m/s
vl,_3=120 - 9.81 (3) - 9.43 m/s
(i) e = Y% _5039m
2g
(i) =2 =2045s
g
(iv) T =2t=408s
12.43:
v, =25m/s
Q) Iy = Y%o_ 2 ieem

S.75
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.. 25
(ii) t=Yo = =2 — 9555
g 981
(iii) v=v,—gt
-10=25-9811¢ 5m/s
= t=357s ___ot
12.44:
T=6s
t=1/2=3s
Time to reach maximum point from top of building
L 0.51s
9.81 I
Time to scale the bldg =3 — 0.51 = 2.49s
. 1,
i H=v,t— —gt
(@) Vol = 28
1 o
= vt + —gt
v 2g
1 2
= + =
5(2.49) 7 (9.81)(2.49) 20
=42.86 m S
(i1) v =v,—gt
= v,=5+9.81(2.49) =29.43 m/s
2 2
(iii) h=v—=5—= 27 m
2g  2x981
12.45:
1
s=h+20¢t— Egt2

when it reaches ground, s =0 =

1
~h=201t— — gt

58
h=2263m

12.46:

1 1 5
s=v(,t+5gtz=0+5 x 981 x3>=44.15m
v=v,+gt=0+9.81(3)=29.43 m/s

12.47:

v, = 20 m/s Vyr = 30 m/s

1 1
sl=20t—5gtz s2=30(t—2)—5g(t—2)2
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when they meet, s; = s,

20 71— %(9.81) ?=30(0-2)- %(9.81)0— 2)?

1
—(9.81) [A+4—4t—F£]+20t—307+60=0
2 - O4 10 ms
~19.62¢+19.62 — 10+ 60 =0
= (=269s~27s
s1=20 (2.7) — 4.905 (2.7)* = 182 m
12.48: 40m
1
s1=40+ 10— —gf 20 m/s
2 OT
o 777777777777

1,
s, =20¢t— —gt
2 5 g
(i) when they meet,
51 =85 =

1 1
40+ 10— — g =20t — —gf
2 ¢ 2 ¢

t=4s
59 = 20 (4) — 4.905 (4) = 1.52 m Yo s
(i) vy =v, —gt=10—9.81 (4) =—29.24 m/s —of
Vo=V, —gt=20-9.81 (4) =-19.24 m/s

12.49:

1
s; = 151‘—Egt2

1
S2 :0+Eg(t_2)2

1, 1 2
—15t+—gff=—g (-2
78 2g( )

15 0+4905 2 = 4905 (P +4—41)
= 4.905 2 +19.62 - 19.62 ¢

t=4.25s
_ 1 2 _
Sy = 5(9.81)(2.25) =2483 m 42
vi=15-9.81 (4.25) = - 26.69 m/s T
vy =0+ 9.81 (2.25) = 22.07 m/s 10m | 20 s
12.50:
(1) V2= v(,2 —-2gs JWW g
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=207 -2 (1.81)(10) = 203.8

= v=1428 m/sT
vV=y,— gt
1428 -20
-981
(i) when it moves down:
v=1428 m/sT
 —1428-20
981

=1t=0.58s

12.51:
v, =0
a=12m/s?

s=30m
1
s=v(,l‘+—att2
2

1
30 = 5(1'2) #

= t=7.07s
v =y, t+at
=0+ (1.2) (7.07)
= 8.48 m/s
12.52:
a=0.5m/s?
t=30s

35s

v, = 8.48 m/s
1

S=Vv,t— — 7
2g

~30=28.48¢—4.905 7

4905 -8.48¢—30 =0

= t=3.5s
v=vy,—gt
= 8.48 — 9.81 (3.5)
=-259 m/s

v=vy,tat
=0+0.5(30)=15m/s

1
s=v(,l‘+—att2
2

1 2
0+ 2(05) (30)

=225m
Ball:
1
S=Vv,t— Egt2
—225=15¢—4.905¢
4905 A -15t-225=0
= t=847s
v=v,—gt
=15-9.81 (8.47) = — 68.1 m/s



