16.1:

16.2:

16.3:

16.4:

(@)

Chapter-16

F=7ri+4t]
m=5kg
t=0 to t=4s

=647 +32]
[=71.55N:s

[V_V(J]:Sv

< ~1
Il Il

14.31 m/s

<
I
S|~ 3|~ 3

m 2

V,=5i+3]
Vf:—2;+4j

Ft=m[v,— V]

F= % [V,— v = 2 [2i +4] — (51 +3))]

1/100
=200 [-7i + /]

1
[=[F-dt= 5(10) (2)+10x2=30N.s

I=m[v-v,]
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Gi) I

(15) (1) + 15 (2) + %(15) (1)=45N.s

N | —

45
5

(9]

=9 m/s

[F-dt=
1
v=21
m

16.5:

(@) I=fF-dt=%(20)=(2)=20Ns

I=m@v-v,)
= v=i+v(,=§+2=6m/s
m 5

(ii) 1= fF dt=(20) (2) + % (20) (2) =60 N.s
I=m[v—v,]

1 60
= v=—+y,=—+2=14m/s
m 5

(i)  I=[Fdt=(15)(1)+ % (25) (1) + 10 x 1 =37.5 N.s

I=m [V—VU]

= v=i+v(,=ﬂ+2=9.5m/s
m 5
16.6:
v; =3 m/s
Vf:O
¢t =1/100" of a second
(1) I'=m[v—v]
=10[0-3]=-30N.s
(ii) F=£=i=3kN
t 17100
16.7:
v;=2gh = 2% 981x10 = 14.01 m/s
I=F-t=m[vy—v]
= F=%[vf— v;]
= ﬂ[0— 14.01]
/60

=16.81 kN < 20 kN. Hence, she will survive.



16.8:
v =60 kmph = 16.67 m/s
#=0.5
[Fumglt=m[v—yv,]
miv—v,] 0-16.67

S ‘= Sl v = s =34
—umg —(0.5) (9.81)
16.9:

m =10 kg

h=20m

—F-t=ml[v—v,]

—F-(1)=10[0-\2¢h]
= F=10,2gh =198.1 N
16.10:
m =2 tons
v, =45 kmph = 12.5 m/s
t=1/6
Ft=m[v-v,]
310 —
o 2X10°[0-125]
1/6

=150 kN

16.11:
m = 1.5 tons
h=6m
t=1/60
F-t=m[vy—v]

=m[0—@]

—my[2 gh ’
- o 1'51761)0 J2X981%6 =—976.5 kN

16.12:
m=100g
Vl-:30 m/s Ft=m [Vf— Vl']

t=1/60 = = % [vr—vi

0.1

=——[0-30]=-180 N
1/60

Vf: 0
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16.13:

16.14:

16.15:

16.16:

Engineering Mechanics: Statics and Dynamics

YF,=0=
N—-10gcos30°=0
[100 — 10 g sin 30° — x4, 10 g cos 30] =10 [v - 0]
[100 — 10 g (sin 30° + 0.2 cos 30°)] = (10) (10)
= =294s

F-t=m[vy—v]
[T—7gsin 30°—(0.2) 7 g cos 30°] t="7 [v—0]
[5g—T]t=5[v—0]
[5g—7g (sin 30° + 0.2 cos 30°)] t=12v
= v=0.71 m/s

6g—T=06a..(1)
T-4g=4a..(2)
2g=10a

v=,/15g

mlvy—vi] =1t
1
6[0—l5g]=-L|—
[ gl (100)
1=6x3.96 x100
=2376 N

708 o

N

100 N

/ 10g

10g cos 30°

g~ |



16.17:

16.18:

16.19:

16.20:

16.21:

pav’ = i1, mg
(1000) (%) (0.02)* v = (0.2) (5) (9.81)
v=>5.6m/s
F,=5N
d=1cm

v=10m/s
F,=pa (v—u)

5 = (1000) (%) (0.01)2 [10 — u]?

u=2.02 m/s
»  pO*  (1000) (107%)?
F,=pav" = = =12.73 N
a 2
Z(001
4 (00D
d =6 mm
v=15m/s F,=pa (v—u)’ sin 0
u=6ms = (1000) (%) (0.006) (15
6= 60° =198 N
d =6 mm
v=15m/s

6=180°—-105°=75
F, =,oav2 (1 +cos 6)

=1000 x % x (0.006)> x 15% (1 + cos 75°)
=8N

d=5cm

0 =0.005 m’/s

F.=-p0 [vcos 60°—v]
= pQv [1 —cos 60°]

2
ey [1—cos 60°]
a

Solution Manual
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_ 1000 (0.005)
4 2
Z(0.05
4 (0.05)

=6.37N

F=F?+F =1274N

F
a=tan' -2 =60°

F, = pp[v sin 60° — 0]

[1—cos 60°]

2
- Po [sin 60°]
a
2
_ 1007(;><(0.0(2)5) sin 60°
Z(O.OS)
=11.03 N
16.22:
m =10 gm
M=4kg
=—0.5m/s
mv+MV=0
0.0) (V) +(4) (-0.5=0
= v =200 m/s
16.23:
m; = 10 tons m, = 15 tons
u; =0 uy =20 kmph = 5.56 m/s
miuy +my uy = (my + my)v
N - (10)(10) + (15) (5.56)
(10+15)
=12 kmph
16.24:
m; =2 tons m, = 6 tons
1y = 30 kmph U, =0
my uy +my uy = (my + my)v
. NE)TE D T -,

2+6
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16.25:
m=10kg
v=1m/s
0=10x1)+(110)V
-10 -1
j = e— = -
110 11

[110] v, =[10 x 1]+ 100 v,
—(10 x 1) = (10 x 1) + 100 v,

= v2=_—20=—0.2m/s
100
16.26:
v, =200 m/s
oa=45°

At the highest point, its velocity = 200 cos 45° (horizontal)
If 2m is the total mass of the bomb then
2m (200 cos 45°) =m-0 + m-v
400

= v =400 cos 45° = —— m/s
V2
Max it — v, sin®45° _ (200)* sin’450 _ (200)°
2g 2g 4g
1 gx2
=xtan p— ——————
7 p 2 v2 cos® B
-(200)* _ 0 1 gx?
4g 2 (400)*
2
(200 gx?
4g (400)>
= x = 200X900 4 o km,
2-g
v, sin2a _ (200)* sin 900
Initial range = 2—— = 2"2 — "~ =408 km
g 9.81

Distance from the cannon = % +4.08=6.12 km

16.27:
Velocity of the ball at the lowest position, v=\2gh = /2x9.81x 1 = 4.43 m/s
(1x4.43)+2x0)=(1 %))+ (2 xn)
4.43 =V +2V2 (1)
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V=V,
443-0
= vi—Vv, =—4.43 ..(2)
3v,=28.86
vy, =2.95m/s
= vi =—-1.48 m/s
16.28:

m =20 gm
M=2kg
6=30°
mu+ M-0=(m+ M)v
v=,2gh

= /22l (1-cos )

(0.02)u = (2 +0.02)/2 x 981 x 2(1 - cos 30°)

= u=231.6 m/s
16.29:
m =20 gm
M=5kg
s=0.5m
#=0.15

%(M+ m) V2 = 1 (M+ m)gs

= v=.2ugs

mu+M-0=M+m)v
_ M+m

= u \4

m

_ Mn-:m ’—2,ugs

=202 X 015%981x 05
0.02

=304.5m/s

16.30:
myu—my,u=m; vy +mnm,v,

=my Vv, “

o= ViV, _ 0-v,
u—(—u) 2u
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Vs =2 eu
mpu—m, u=m,2eu
mu=myul[l+2e]

m
—L =1+2e¢
m,

16.31:

=

U, =0 Vo =u

16.32:

e=1
mu+ m-0 =mv; + mv,
u=v;+v (D)
o=V
u—o
Vi —Vvy =—eu ..(2)
vty 1
vy — Uy —e
2v, _1-e
%_1+e
v _l-e
Z I+e
s
VI=| T, -u=§
I+e Tu
vy = 7 -u=?

16.33:

=

myuy +my uy = (my +my) v
(2% 60)+(3%0)=(2+3)v
v =24 kmph

16.34:

*%k

16.35:

mu—mv=m-o+m-v

u—v=Vy

O ©

at rest

R S——— at rest

© O

S.123
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o o—-V
u—(-u)
utv=—
e
u—-v e 2u l+e
= — : _— =
utv 1 v l-e
2:1+e
vV 1l-e

16.36:
u sin 30° = v, sin 60°
N
m u cos 30° + (nm) o=—m-v; cos 60° + nmv, cos @
u cos 30° =—v; cos 60° +n v, cos @
-V, cos 60° — v, cos ¢
ucos30°-0

u
u cos 30°+ —= cos 60° =n v, cos ¢
V3

u

—e =

eu cos 30° — v, cos 60° = v, cos ¢
u
eu cos 30° — —= cos 60° = v, cos
5 20089

cos 60°

u| cos 30° + =nv, cos
|: \/g :| 2 ¢

cos 60°
ul e cos 30° + =V, COS
|: \/g :| 2 ¢
cos 30° + cos 60
_ N
n= =2
cos 60°
ecos30°— ———
J3
16.37:
mu + (2m)0 =mv; + 2 mv,
u=vi+2wn (D)
o= Vi™W
u—o
= Vi -V, =—el ..(2)

3v,=(1 +eu

- w=§a+@

— > atrest

OO



u
v1=§(1—2e)
0  e=0 = y--,
3
() e=1/4 = v=2,
6
(iii) e=12 = v =0
. —u
(iv) e=34 = v1=?,
—u
) e=1 = v1=?,
16.38:
u u Uy [
—u
VIZT
lru+m-o=1-vi + mv,
—u
:——+mv2
3u
= myvy = —
2
—u_
e
e Vi™W 2
u —u, u—o
u
2 _ 2"
3 u
u
= V2:€
From (1) & (2), m=9kg
16.39:

u, = kmph = 8.33 m/s.
my Uy T my Uy =my vy T my vy
2(=2) + 6(8.33) = 2v; + 6v, ...(1)

Vi —V
_e=1""
Uy —uy
_05_ vl VZ

u

Vo = g
_Su
Vo = E

_u

Vo = E
_Tu
Vo = E
_ 2a
Vo = ?

(1)

(2)

at rest
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5.165 = Vi—V) (2)
From (1) and (2), v; =9.625 m/s =9.63 m/s
v, =4.456 m/s = 4.46 m/s

1
(KE), = —m u’+ Em2 uy’

@)@ + %(6)(&33)2

=212.2]
1

1
(KE)f: Eml V12 + EWQ V22
1 1
= E(2)(9.63)2 + 5(6)(4.46)2

=1524
AK.E =(K.E),~(K.E);=59.8]
16.40:

my =15 tons m, = 10 tons
u; =9 kmph U, =0
e—=3/4

myuy + myuy = myvy + myv,
(15)(9) + (10)(0) =15 v; + 10 v,
27=3 v+ 2»,
o= ViV,
Uy — Uy
Vi —V,
9-o0
=27

= Vi—V) = ——
4

=3
4

2
S5vi=27- 27 13.5
2
= vy = 2.7 kmph = 0.75 m/s

5127+ 00

vy =9.45 kmph = 2.625 m/s
16.41:
m; = 6 tons m, =2 tons
u; = 60 kmph
i) =0

(1)

(2)
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myuy + myuy =mv; + myv,
(6 x60)+0 =6v,+2wn
180=3v;+vy..(1)
e 1TM
U, — iy
2 v-v,
3 60-0
= v —v, =—40 ..(2)
From (1) & (2) v; = 35 kmph
v, =75 kmph
>ii)(6 x 60) + (2 x 45)=6 v, + 21,
= 3y +v,=225 (1)
-2 v-v
3 60-45
= vi—v,=-10 ..(2)
: vy =53.75 kmph, v, =63.75 kmph.
(iii) (6x60)—(2x45)=6v,;+2,
= 3y +v,=135 (1)
-2 v-v
3 60— (—45)
= vi—v,=-70 ..(2)
= vy = 16.25 kmph, v, = 86.25 kmph
16.42:
Gmyu+(2m)yo=3m-vi+2mv,
3u=3v;+ 2w, (1)
S ORS
u-—o
—eu=v|,— v -.(2)
5vo=3u-+3eu "
=3u(l+e)
= V2:3?u(1 te)

2 mu + m(0) =2 mv; + mv,

2u=2vi+wn (1)
—e= V1_VZ @ @

u—o —— >
= —eu=v;—mn -.(2)
3v,=2u+2eu
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=2u(l+e)

2u
vy = ?(1 te)

23 5
=—=(1+e)u
3 5( )
2 2
=—(l+te) u
5( )
16.43:
mu + 2m (0) = mv, + 2mv,
u=v;+2v,
=T o =y -y,
u—o
3v,=(1+e)u
u
vy=(1+e)—
2= ( )3
2m-u+3 m(0) =2 m-v; + 3mv,
2u=2v1+3v2
=0TV =S -—eu=v, -
u—o
Svp=2u(l+e)
2u
vw=—-> (1+e
2 5( )
2 u 2
=——(1+e
5 3( )
2 2
=—u(l+te
T (1+e)
16.44:
u=,2gh v=.2gh
—-v-o
—e=
u—o
= e=Y = |’ _ggo
a h
16.45:
I-rebound:
h1=5m

u, = .2gh

V]| = euy

(1)
(2)

(1)



II-rebound:

vy =ev) = ¢ u
III-rebound:

V3 =ev, = e3u1
IV-rebound:

vy =evy = e4u1

=é' [2gh,
2
J2g =( ),/2><9.81><5
2
b=

(— x5=05m

B

w

=

N

16.46:
hl =15m

h2:% x15=10m
3
v =eu
|2gh, =e [2gh,
hy

— =0.816
hy

= e =

I1-ball:
u=_2gh,
v=_2gh,

Vv =eu
\/2gh2 =e\/2gh1
hy = é*h,
=(0.816)> x 10 = 6.67 m

16.47:

_—vsinzm—o

usind5—o
= y sin 0=§X20sin45°=?sin45°

v cos =20 cos 45°

40/3 2
tan = ——-1=—
20 3
= 0=33.7°
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