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Engineering Mechanics

Solutions for Volume I : Classroom Practice Questions

Chapter- 1
Force and Moment Systems

01. Ans: (b)
Sol:

Assume F; =2F, (F1>F2)
Fix =2F,

R = \JF2 +F} +4F? cos

260 = \[4F2 + FZ +4F? cos 6
260% = 5F7 + 4F2 cos 0 ------ (1)

R'= \JF2 +F? +2F, F, cos 6

X

180 = \/4F + F2 + 2.F, F, cos(180 - 6)
180 = 5F] —4F; cos® ------ 2)

260 = 5F; +4F) cos 0

180> = 5F7 — 4F} cos®

260° +180° =10F;

— F,= 100N,
2607 = 5(100)*+4(100)*cos0
= 0=063.89

Where 0 angle between two forces.

02. Ans: (b)

03. Ans: (b)

Sol: S
L
| ONF
3m ¢Fv .
"""" 0+B'§
; ) 6m - )
M; =180N -m
Mj =90N-m
M =0

60x3—6F, = -90
=>F=—

F, = 45N

. F=[Fl+F} = /60> +45% =75

04. Ans: (a)

Sol:
dw

360 N/m

dx

16m
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wa = dex
0 0

16

16 2
w= [90Vxdx =90|
0 —+1
2
= 90><§[x3/2]106 =60 (16)”

w = 3840N
R xd=2Xdw x x

16
3840xd = j90&.dx.x
0

15
=90 j xS dx
0
25 70

3840d = 90 {X—}

25 |,
d=9.6m

05. Ans: (¢)

Sol: Moment about ‘0’
My = 100sin 60x3

=300x% =150+/3

=259.8 =260N.
06. Ans: (a)
Sol: 100N ‘ISON \251\1 ‘ZOON
A B C D
0.9m 1.2m 0.75m

01.

Sol:

SF, =0

R+100+150-25+200 = 0 (upward force
Positive downward force negative)

R =-425N

For equibrium

>Mja = 0 (since R = negative, resultant is
downward)

Let R is acting at a distance of ‘d’
downward.

425%xd —150x0.9+25%2.1-200%2.85=0

= d=1.535m (from A)

)
Chapter- 2 J

Equilibrium of Force System

Ans: (d)

Wcos30

Resolve the forces along the inclined

surface
>F,=0
Pcos45 —Wsin30 =0
p= 300830 h_sm3N

cos45
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02. Ans: (a)
Sol: Tas
Tac Fgc
60°N\A_4730°
T A c0s60° = Tzc c0s30° )
Tag= \/g Tac 600N
Tap sin60° + Tac sin30° =600 N Fig: Free body diagram at ‘C’
3 1
ETAC + ETAC =600 For Equilibrium of Point ‘B’
Tac=300N Fo _ Fe 200
Tag =520 N sin(60+75) sin(60+45) sin(120)

FBC =223.07N
From Sine rule at “C”.

Fop _ Fac _ P
sin(75+45) sin(60+75) sinl05

_ 223.07xsin105
sin135

P=304.71 N

P

04. Ans : (d) T
Sol: X\
0 B

tanO = 125 = 0 =24.45°
275

200 . mg
Tsin® = mg.

Fig: Free body diagram at °B” Tsin24.45 = (35x9.81)
T=829.5N

Ry =Tcos24.45=755.4 N
R,=0

v
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05. Ans: (¢ TL=Wa-Ta
Sol: T 2T T TL +Ta=Wa
t bt T w
m —~T= Wa
L+a

T+2T+T =mg
4T =mg
m=4T/g

06. Ans: (b)
Sol: a

For body, >F, =0
N-W+T=0
=>N=W-T

T W-T

f— L

2 F, =0 for entire system

RA+T—(W-T)=0
Ra=W-=-2T = - (1)
For equilibrium
2MpA=0
TxL=(W-T)a

T substitute in equation (1)

R, = W—z( Wa j

L+a
_ W(L+a)-2Wa
L+a
_ WL+Wa-2Wa
- L+a
_ WL-Wa
" L+a
_ WL-a)
L+a

Ra

07. Ans: (¢)

Sol:
P=600N RC =R

.« 3m 4D
[ P =600 N
Rp=R
fe 5m g
SF, =0
600 —Rc+Rp—-600=0
= Rc=Rp =R
>M=0
600 x5=R x3

= R=1000N=R¢c=Rp
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Eﬁ?hmeém?PEubhmons 1o Geomatics Engineering
08. Ans: (a) YF, =0
Sol: FBD Ng— W =0
T N =600 N
Rau A 0 B 2MA=0
X l ¢ l Px3+Wx2 —Ngx 4=0
Rav 200N 100N I:):4NB—2W
2Mp=0 3
Tan9=§ P:4><600—2><600:400N
4
0 =63.43 o
TsinO x4 (O)-200 x2 (V) -100 x6 (V) =0 Chapter- 3
=T=279.5N Friction
Now, 2> F, =0,
Rag —Tcos® =0 01. Ans: (¢)
Rag=125N Sol: The FBD of the above block shown
> Fy=0; IT
Rav —200-100 +Tsin 6 =0
wl— .
=Rya=50N "y 100 N
09. Ans: 400N [N FBD of the block

Sol: SY=0 = N+T-W =0

A
N N=W-T=981-T
F=uN=0.2 (981 -T)
2X=0=100-F=0.
3m

F=100=0.2(981 - T)
—T=481 N
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02. Ans: (¢)

Sol: Given Tan0 = %

sin 0 = 3/5 0
3
cosO =4/5 5

Free body diagram for block (2)

______ o

T

N>

Free body diagram for block (1)

N2 W1
F2 <

v v

Fl r'

Ni
From FBD of block (2)
Fy=0
F, =Tcos6

F,= §T=O.8T ------ (1)

2F,=0

N, + Tsin0 —W,=0
N, = W, — Tsinf
N2=50-0.6T

But F,= pN,

= F,=0.3(50—-0.67)

F,=15-0.18 T ------ 2)

From (1) & (2)
0.8T=15-0.18T
= 098T =15
= T=1531N
S N2=50-0.6T
=50-0.6(1531)=40.81 N
F> = uN; =0.3x40.81
F,=12.24 N
From FBD of block (1)
2F,=0
Ni—-N,-W;=0
N;=N;+ W,;=40.81 +200=240.81 N
F;=puN; = F; = 0.3 x240.81
F1=7224N

2F,=0
P-F,-F,=0
P=F+F,=72.24+12.24
P=84.48 N

03. Ans: (b)
Sol: Free Body Diagram

10cm 20 cm

Fp Ny

——p

Fa

Il
=
Z
>
|
>

1
FB = HNB: ENB
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Mg =0 From FBD of book 1, 2Fy =10

~100x30(O)+ (Nox20)(O)HF, x 12)(L) =0

—3000 + N4 x 20 +%NA><12=0

= Na=125N
2F,=0
NA—NB— 100=0
= Ng=25N
2F,=0
1
P=Fj +tFg= E(NA +NB)
= %(125+25):50N
04. Ans: (d)
Sol:
m; =1 kg
m=1kg |,
e s
W,=9.81 N
F2 R v
FBD of block 2
N,
N,
F, r'W,=9.81 N

F, t FBD of block 1

N,

From FBD of book 2, XFy =0
=N,=W,=981 N
F,=uN; = 0.3x9.81=2.943N

= N; = NotW,

=9.81+9.81 =19.62N
Fi=uN; = 0.3x19.62 =5.886N
F=F +F,= 883N

05. Ans: (d)

Sol: Tan6 = 2 = sinf = i
)
4
cosf = — 4
5
FBD for bar AB (2)
B
H
10 m
4 m 6m
W
0
A Fy
N,
l< 8 m N
I~ g
FBD for block (1)
N2| |W1
v = b
P
Lo
N;

Given W =280N, W;=400N
Now, ZMg = 0

“W x4 () + N, x (L) ~F, x 6 (V) =0
280 x4 +N, x8 — N, x 6 =0

— N, =200 N
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But, F, = uN, = 0.4 x200 = 80 N o
From FBD of block (1) . ’
2F, =0 N Fa
Ni—-N,-W;=0
N =N, +W,
= 200 +400 Na
N; =600 N 2Fy =0
But, F; = uN; = 0.4 x600 Na —Waco0s0 =0
Fi=240 N Na =200 cosb
>F, =0 Fa =puNs =0.2 x 200 cosH
P=F, +F, =240+ 80 But, FA =40 cos0
P=320N YFy=0
T+ Fa—Wasin® =0
06. Ans: (a) T = Wsin® — Fj
Sol: Given, Wy =200 N, pa=0.2 T = 200 sin6 — 40cosd
Wp=300N, ug=0.5 But from equation (1)
FBD for block ‘B’. T =150 cosB — 300 sin6
.. 150c0s0 — 300sin6 = 200sinO — 40cosO
190 cosO = 500 sinO
tan = 190
SF, =0 : 500
Ng = Wgcosd = 0=20.8°
Ng =300 cos6
But, Fg = uNg = 0.5 x 300 cos0 07. Ans: (d)
— 150 cosd Sol: FBD for the block
YXFy=0
T+ WgsinO — Fg =0
T =Fg—-Wpg sind
T =150 cos® —300 sinO ------ (1)
FBD for block ‘A’ Py
/') 45°
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2F,=0
N — Wsin45 —Psin45 =0
N = ﬂ + i

V2 2

But, F=uN = 025(500 P

2
>F,=0
Pcos45 + F — Wsind5=0

Pcos.45+025(500 Pj 500 x — !

2R

= P=300N

08. Ans: (a)
Sol: FBD of block

F,

S

Fy

Fi = puN;
F2=uN,
2F,=0

Nz—F1:0:>N2:F1 ( F1
No=pN;

SF,=0

N1+F2—W:O

Ni+uN,—-W =0

"

NG

uNp)

=0

09.

Sol:

N +u’N; -W =0 (. Ny =puNy))
N (1+p%) =W
W
N1 = 3
1+ p
w
Nz = H >
I+p
Couple=(F; +Fy) xr
= pr (N;+ Ny)
rx W(l+ .
B (2 J (" u=19
I+p
Ans: 64
FBD of shoe bar :
L 800 R
IOOONF k
N 480 in .
T100
ol
FC Vc VB

FBD of Drum Brake :

Ve
Fc

(o
2Mp=0
Ve x 480 + Fe x 100-1000 x 800 =0
Fc=pnvVe=0.2 V¢
480V + 0.2V x100 = 800000
500V ¢ = 800000
Vc=1600 N
Fc =0.2 Vc=0.2x1600 =320 N
M = 0.2xFc =0.2x320 = 64 N-m
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10. Ans: (a) . L BN
Sol: (=26 T,
6 848.48
cose—ﬁ T, = i =223.12N
e’ 3
=0=60
TZ _ eutx
B=360-20 P
B=240= 43—“ = Prin 2213':2
eEXE

200 +20 =180 Puin=188.86 N~ 189 N

200=180-120 For Ppax calculation
a=30=" T _ e

6 W
FBD L
I T, =1000xe" ¢
T,=1181.36 N
&: eMP
Tl
14
T,=1181.36xe™ 3> =4481.65N
max :e}l(l
T2
r
Prax =4481.68 x e™ ¢
Pmax = 5300 N
W=1000 11. Ans: (b)

For P, calculation, Sol: Given p=0.2, tanb= é
W>T, !
W = cos 0 = 4
e 5
Tl
Ti=——=846.48N 5

eEXE
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(11 Geomatics Engineering
N; =N, +W; cos6
N;=0.8W + 1000 x %
N; =0.8 W+ 800
F;=uN; =0.2 (0.8 W+800)
=0.16 W +160
& — euﬁ
Tl
T,=T, ¥ =0.76 W "~
T,=142W
YF,=0
T, + F; +F,=W; sin0
1.42W+0.16W+160+0.16 W = 1000 x %
1.74 W = 440
Fig: FBD (2) = W=25287N
F FBD (1
rom FBD (1) 12. Ans: (d)
ZFy =0 Sol: \ N
N; -W; cos0 =0 uR R
N> =W, cosO = Wx0.8
N,=08W R = | R
SF=uN=02x0.8 W l
F,=0.16 W 2000N
XF=0 At equilibrium
T, =F,+ Wjysin0 =0.16 W +0.6 W
=R= 2000 _ 10,000N
T]:076W ZXO.I 2

From FBD (2)
SF,=0
Nz +W1 cosO = N1

Taking moment about pin

10,000x 150 = Fx300
= F=5000 N
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13. Ans: (b) T =T, ¢ = 200 eO.3><g
Sol: 1x9.81=9.8IN T - 32039 N
1= .
o8N LY From FBD (1)
1 F YF, =0
N N-W=0
N=1000 N
LY =0 F=uN
L N-98IN =0.3 x 1000
Fy=uN = 0.1x9.81 = 0.98 N F=300N
. SF,=0,T,+F-P=0
The External force applied = 0.8 N <F; 320.39 + 300 = P
= Frictional force = External applied N P — 620.39
force =0.8 N S P=6204N
14. Ans: (b)
Sol: Chapter- 4
T, Kinematics of Particle Rectilinear
V|V I and Curvilinear Motion
¥ T, L
P+ —
—4—F 01. Ans: (d)
. i l Sol: x =2t +1* + 2t
2
Fig: FBD (1) 200 Cdx
Fig: FBD (2) Fig: FBD (3) V= dt 6t +2t+2
From FBD (3) a:ﬁ=12t+2
SF, = 0 dt
T, — 200 =0 Att=0=>V=2anda=2
=2
= T2 =200 02. Ans: (a)
From FBD (2) Sol: V =k~ 4>+ 6x
T ow Varx-2itk-1= 2°- 4(2)*+ 6(2) = 4
TZ
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a= WV ge0dx o odxodx 04. Ans: (a) 2
dt dt  dt Sol: Given A =-8S"
a=3x*(V) - 8x(V) + 6(V) WV ds i
=>-—=-—=38"=a

= 3(2)*x4 —(8x2x4)+6(4)

=8 m/s’

03. Ans: (d)

Sol: Given, a= 6\/V
V6V
dt
dv
—=|6dt

27V =6t+C,

Given, at t=2sec, V=36
= 2436 =6(2) + C,
=C;=0

24V =6t

V =9t

At, t=2sec, S=30m

=30=3(2) +C,

=C,=6

.S=3t+6

Att=3sec
S=3(3)+6
S=87m

dt  dt?
We know that, IVdV = jads

V? 5
7:-[_88 dS
2
V_:§+C1
2 S
Given, at S=4m, V=2 m/sec
2
:>2—=—+C1
2
:>C1—0
Vi3
2 S
4
V:_
Vs
ds_ 4
dt /s

= [Vsds=[4dt
§s3/2=4t+C2
Att=1,S=4

= %(4)3/2 =4(1)+C,

=C,= E—4: i
3
s? =4t +C,
S22 o4
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LU
un! =

Att=2 sec t* 29
2 4 XSyt
=¥ =42)+—
3 3
S.att=4sec
= s=15.808 m
_ _ 4 29
a= 2 T8 0237 mised® x=" -4 22 (4)-2
s> 5.808 3 3
=28.67m
05. Ans: (¢)
Sol: Given, a=4t—2 06. Ans: (b)
dv 4 —9 Sol:
dt us =20 m/sec ug = 60 m/sec
dv = (4t2 . 2) dt a, = 5 m/sec’ ap = -3 m/sec’
4 O O O
v="E oy C, Pt “A” Pt “B” A&B
3 « > 3 >
< B >
3 - >
S
dx :“L—2t+C1 *
d 3
413 Let Su be the distance traveled by “A”
fdx=[| =--2t+C, |dt , s
3 Let Sg be the distance traveled by “B
4 2 — +
X = & —Z.t—+Clt+C2 Sa= 5p 384
3x4 2 | 1,
u,t+—a,t” =uzt+—azt” +384
¢4 2 2
x=—-t>+C,t+C, { .
3 20t + =5t = 60t — —3t> + 384
Given condition, , 2 2
4t — 40t — 384 =
Att=0, x=-2m 0t—38 0
t=16sec or t=-6sec
=-2= C2
S.t=16sec
Att=2,x=-20m
24
=-20= E 2°4+4(2)+(-2) 07. Ans: (b)
Sol: Take,y=x"—4x+ 100
-29
=C=—= Initial velocity, Vo = 4116}
If V4 is constant
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Vy,ajatx=16m

szle: d_X:4
dt
by dn
dt dt dt
(Vy) =2x(4) —4(4)
Vy,=8x-16
(Vy)atx=16 =8 (16) =16 = 112 m/sec
dv d
= —=—(2xV_ -4V
ay dt dt( X X x)
("." Vx = constant)
dx

—ov. & Sov. v,
dt
ay = 2V;

(ay) x- 16 = 2x4 = 32 m/sec’

08. Ans: (¢)

Sol: NG T11=0

X1

X2

qu =18 m/sec
v @

Let at distance of “x;” ball (1) crossed ball (2)

C.X+x,=36

1 2 1 2
x; = 0(t) +—gat s=ut +—at
1= 0(t) 58 ( 5 )

09.

Sol:

I
X, = 18(t)——gat
2 (t) 2g

("."a=—g moving upward)
X1 +Xx,=36

1, 1,
= —ot’ +18t——gt’ =36
2 Tk

= 18t=36
=t=2sec

1
Sox = —(9.81).22
X1 2( )

=19.62 m (from the top)
X2 =36—-19.62
= 16.38 m (from the bottom)

Ans: (b)
o U=0
g

t=Ssec
V=u+at

V =u+at
V=0+9.81 (5 (= |
V =49.05 m/sec S !

V = velocity with which stone strike the

glass
Velocity loss =20% of V
_ 49.05x20 _ 9.81 m/sec
100

.. Initial velocity for further movement in

glass =49.05 - 9.81 =39.24 m/sec
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Distance traveled for 1 sec of time is given 11. Ans: (a)
by Sol: Given, V =20 m/sec
=2 = 8.
S = ut+at’ x=20m,y=80m
2 Y
1 y
S= 39.24(l)+5(9.81)(1)2 vV, vy
S=44.145m V\
v,
10. Ans: (a)
Sol: I > X
Vy=Vcosd , V,=Vsind

ay = —20 m/sec’

3

V=V cos30 = IOOxTZ 86.6 m/sec

2
ay =—4 m/sec”,

Vy-Vpsin30 = IOOX% =50 m/sec
L
y= Voyt‘l-ant

—60 =50t + %(—20)t2

10t —50t—60=0

t=6 or -1 sec

C.t=6sec
|
x=Vjt+—at
2
1 >
X =(86.6 x 6) + E(_4)6

x=447.6 m = 448 m

x=V_ t +%at2 (.- a=0 along x direction )

x =VcosO t
20 =20 cos6t
1
t= —— - 1
cos0 M
y=V t——gt’

8.0= Vsinet—%gt2

8.0 = 20sinOx

2
I —l><9.81><[ 1 j
cosO 2 cos0

8 =20 tan® — 4.9 sec’0

8 = 20tand — 4.9 (1+ tan” 0)
4.9 tan® © —20 tan® +12.9=0
tan0; = 3.28, tan6, = 0.803
0, =73.04,0, =38.76
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gﬁE:Enmeém?PEubhmons 117 Geomatics Engineering
12. Ans: (d) an = —30m/sec’
Sol: Range = maximum height vV 68.37°
r= 2 = =1558m
V,sin20  V;sin’ 6 ay
g 2g
in’ 14. Ans: (a
sin2g = 21 0 @)
Sol:
sin” 0

= 2s1n0O cosd =

= tanO =4
.. 0 =tan '(4) =76°

13. Ans: (a)
Sol:

Given, v = 100m/sec
Vix = vcos60°
=100x1/2

Vix = 50 m/sec

Viy = vsin60
= 100x ﬁ
le 2
viy = 86.6 m/sec
Vix= 100> Voy = Viy—gt  (use V = u+at)
Vay = 0 =100+10t-2t*=0 =86.6—9.8(1)
(t-10)(t+5)=0 vay = 76.8 m/sec
t=10sec Vox = Vix = 50 m/sec

Vacatt=10 = V= 100-10>" Var = V2 V2
=68.37m/sec
= /50 +76.8>

2
Radius of curvature r= — =91].6m/sec.

ay
v, 76.8
dVyJ a=tan"|, | =Tan"| 5
att=10sec

a=56.9

Where ay =ay, = [

= (1 0—4t)t:1 0
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an = gcosa = 9.81xc0s56.9
= 5.35m/sec’ Chapter- 5
V: 9162 Kinematics of Rigid Bodies Fixed Axis
r=—=— s - 1568.62 m Rotation and General Plane Motion
an
15. Ans: (d) v, 01.  Ans: (a)
y .
Sol: Sol:

vix =vcos30 =43.3m/sec

an=g=a
V2 4332
= —=

ay

=191.13m

V=2 m/sec

0 =Tan'3/4 =36.6°

ay = ar cosO — ax sind

Note: Velocity will always act in the

tangential direction

V4 = Vsin0
_ 2
sin36.6
V =3.33m/sec
N V_Z_ 3.33°
CoN r 10

ay=1.111 m/sec?

ay = ar cosb—ay sin0
4 =arcos36.6 —1.111sin36.6
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= ar = 5.83 m/sec’ =a’=a’+a’
ar = rol 30> =a; +18°
ar = 24cm/sec?
o= aTT = 51—?)3 = 0.583 rad/sec’ ar =ro, =24
o= 2—24= 12rad/sec?
02. Ans: (¢)
Sol: Given ® = 4\/? 04. Ans: (d)
0 =2 radians at t = Isec Sol: Given angular acceleration, oo = mrad/sec’
0=?a="7?att=3sec Angular displacement in time t; and t,
0)=@:>J.d9:'[codt = nrad = 0,-0;
dt op = 27 rad/sec
0= ,[4 \/?d‘[ W = ?
2 2
0=Se2 e ) P =% =209,
3 o, —o; =200,
From given condition, att =1, 6 = 2rad , ,
8 ()32 - o, — o) =20(6, -6,)
)=2=—-1) " +c¢,=>c¢c, =—
(1) 3() ¢ =< 3 4’ — o = 21
8 2
0= 02 o? =2
ou =712
Att=f§sec,6=§(3)3/2—g N
3 3
0i-3=13.18rad 05. Ans: (¢)
do  d(4 Ji ) 2 Sol: Given retardation
Cdt At Wt o =-3t
2 do _ 2
oct:3=£=l.15rad/sec2 E“ﬁ
[do =[-3t%dt
03. Ans: (b) 5
Sol: r=2cm, ®=3rad/sec, a= 30cm/s ®= '_t o N
an = 16 = 2(3)2 — 18cm/sec? From given condition at t = 0,
o =27 rad/sec
. . _ 2 2
since total acceleration a = \/a; +ay 27 = _0%+c;
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23'01::27
SLo=—t+27
Wheel stops at ® = 0, = 0 = —t'+27

t = 3sec

06. Ans: (¢)

Sol: angular speed, ® = 5 rev/sec
= 5x2m rad/sec
o = 10n rad/sec

Radius, r=0.1m
If w is constant, do =0

= a=0= ar =0 (since ar =ra)

Since ar=0

a=.ay +al

07.
Sol:

Tangential acceleration
ar=r1 o =2x 12 = 24m/s’
Normal acceleration, ay =1 o’
=2 x4 =32m/s’

The resultant acceleration

a=.a +a2 =+24° +32% =40m/s’

08. Ans: (b)
Sol:

Va=12 n]fsec

4=2+r,

I,z =2m

. VB =1, X0
=2x6
Vs =12 m/sec

09. Ans: (a)
Sol:

ANNA\N

>
Lo

"""" 1 m/sl

=

/777

oo}

Va.=1m/s
V, = along vertical

V,, = along horizontal
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10.
Sol:

Vo=Im/sec

So instantaneous center of V, and Vy, will be

perpendicular to A and B respectively

IA=0B =1xcos@ =1xcos60° =%m

B3

IB=0A=1xsin®d =1xsin 60° ZTm

V, =oxIA

=> o= v =2 rad/sec
1A

Ans: (d)

Refer the figure shown below, by knowing
the velocity directions instantaneous centre
can be located as shown. By knowing
velocity (magnitude) of Q we can get the
angular velocity of the link, from this we

can get the velocity of ‘P using sine rule.

‘I’ 1s the instantaneous centre.
From sine rule

PQ IQ _IP
sin45 sin70 sin 65

IP _ sin65°
IQ sin70°
Vo =1Qxw=1
V,
= 0=—
IQ
V, :Iwa—Bx 0= s%n65
1Q sin 70°
=0.9645

11. Ans: (a)

Sol: Instantaneous centre will have zero velocity
because the instantaneous centre is the point
of contact between the object and the floor.

9]
Chapter- 6
Kinetics of Particle and Rigid Bodies
01. Ans: (a)
Sol:

Direction of T T (wio)1T
motion [ e Ja
} ? R \Direction of
[\@ ' W | ¢ motion
w[ﬂ]a W+Q
g
For the left cord,
2F, =0
T= (Eja +W.... (D)
g
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T= W+(Eja
T  Directon g
Directon of motion
Inertial force | I = 4448+ 4448 x0.194
v W 9.81
Wla¥ l
e T =4862.42N
W
For the right cord 03. Ans: (a)
SFy=0 Sol: p
‘y
T+(W+Q}1:(W+Q)...(2) W‘ i b
y L
From (1) & (2) <0, p,
[E}HW =W+Q—[W+Qja ‘_IiF
g g N
3
t = _
g g g ,1
0=tan ' (3/4)=36.86
g g (Fnet )X = ma
—a 2Wa 2Wa |V
Q(g J: I o (g}a
g g g—a
Pcos36.86-F = [EJB.
02. Ans: (b) g
Sol: u=0, v=1.828 m/sec 2224
S = 1.825m. 0.8P —F = (?j(OQg)
2 2
Vo= 2as 0.8P — F = 444.8

1.8282-0=12ax 1.828

1.828
a: —_—
2

a=0.914 m/sec’

For equilibrium, ZF, =0

0.8P —F=444.8 + F

P =556+1.25F ......(1)
SF, =0

N+P,~W =0

N = W-P, (since p = %)
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F=uN Since v>—u’ = 2as
F = (W-P)) 0—(9.126)* = 2(—a) x 13.689
=(.2(2224-P sin 36.86) a=3.042....(2)
F=444.8-0.12P .....(2) From (1) & (2)
From (1) & (2) 3.042 = pu(9.81)
P =556+1.25(444.8 — 0.12P) p=0.31
1.15P=1112
P =966.95 05. Ans: (a)
P=967N Sol:
04. Ans: (d)
Sol:
v, , v
U9126ms V=0
v - i
“:—vF : .
N

From static equilibrium condition
2F,=0

N-W=0

N =W =44.48N

From dynamic equilibrium condition
YFx=0

F=ma

uN = —a
g

a
M:_
g

a=pug ....(1)

mg cosO

2Fy = 0 (static equilibrium)

N —-Wcosf=0

N = Wcos0 = mgcos0

Since F = uN = p mgcos0....(1)
2Fx =0 (Dynamic equilibrium)
F+ma — Wsin = 0

F = -ma+mgsin0

F = mgsinB-—ma...(2)

From (1) & (2)

pmg cos® = mgsin® — ma

—a = gsind — ugcoso

= a = gcosO(tanO — p)

| ACE Engineering Publications >Hydcrabad|De]hilBhopallPunclBhubaneswarl Lucknow | Pata | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally| Kolkata




[

EﬁE:Enmeém?PEubhmons 1 24 Engineering Mechanics
Given PQ =5 mpaxt4mpas = mpg—2mpg
s = uthL af? 2y = Mag8=2myg _ 150-2(50)
2 m, +4m, 115(;)+4(f8j
s = O(t)+%at2 = |2
a
-0 0 1.42
B 2s 15+20 35
gcosO(tan® —p)
06. Ans: (a) 07. Ans: 4.905
. I: us=0.4; =0.2
Sol: i ssisissii Sol: ps > B
FBD of the block
fN =200N
L P =10t
L
N
W.r.t free body diagram of the block:
e Fs=usN;  Fg =N
TA:2TB(1) ZFy=0
Work done by A & B equal NeW =0
TaSa =TsS
AR N=W=200N
2TBSA = TB SB
Limiting friction or static friction
2SA = SB
2aa = ag....(2) (Fs) =0.4x200= 80 N
For ‘B’ body Kinetic Friction

Ty = mpag+mgg....(3)

For ‘A’ body

Ta = mag-mpaa....(4)

(2), (3) & (4) subin (1)
mag-maaa = 2(mp(2a4)+msg)

mag—maas = 4mpaa+2mpg

(Fx) = 0.2 x 200 =40 N

The block starts moving only when the

force, P exceeds static friction, Fg
Thus, under static equilibrium

=>F,=0=P-Fs=0= 10t=80
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t:@:8sec
10

. The block starts moving only
when t >8seconds

During 8 seconds to 10 seconds of time:

According to Newton’s second law of

motion

Force = mass x acceleration

(P-F,)=mx = (10t —40)= 220, &V
dt 9.81 dt

' 200

j(10t—40)dt_ jdv

8

[st> — 40t} =20.387xV = (180-80)=20.387xV
Velocity (V) =4.905 m/s

08. Ans: 1.198
Sol:

FBD of the crate

! W=100x9.81=98 1N

!

W.r.t. FBD of the crate:

Wyx = Wsin 10°= 981xsin 10°
=170.34N
Wy = W cos10° =981 x cos10°= 966.09 N

2Fy=0=N-Wy=0

N =Wy =966.09N;
F=puN=0.3x966.09 =289.828 N
2Fx=0=>P+Wx-F=0

= P +289.828 —-170.34 =0

P=119.488 N
P=ma=119.488 N
= 119.488 =1.198m/s’
100

09. Ans: 57.67
Sol:
Wy = W sin 45
=98.1 xsin 45 = 69.367 N
Wy =W cos 45=69.367 N

250,

W, = cos 45"
v
W=mg =98.1N

2Fy=0

N-Wy=0

N=Wy=69.367TN
F=pxkN=0.5x69.367=34.683N
2 Fx = 0 (Dynamic Equilibrium
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D' Alembert principle) 11. Ans: (d)
W,—F-ma=0 Sol: ||= L =||
4
69.367 — 34.683 — 10xa=10 Lma
_ : | 1 ) |
a=3.468m/s T W
Vple———
S=ut +%at2 L2
. ) ) 2F,=0
“*t is unknown we can not use this equation
Vatma=W
So use V?—u’=2as aTma
Va= —a)...(1
V=20m/s’; u=0; a=3.468m/s’ a=m(g-a)...(1)
V? =2as Where, a = %oc
2 2 i -
- Ve o_ 20 —57.67m Since, M = Ila.
2xa  2x3.468 ) 5
L mL L
Wx— = +m{ —| |a
2 12 2
10. Ans: 2.053
2
" | mp =TT
|
f—3m a= % g..(2)
W=3x9.81=29.43N from (1) & (2)
M =la 3 m
Va= m(g——gJ - =2
M =29.43 x 3 = 88.29N-m 4 4
2 2 A\
=1, +Ad> =5 4 ma? = 287 53 Va=—
12 12 4
=16+27 =43kg-m’
12. Ans: (d)
:M:M=2.053 rad/s’ 3 )
1 43 Sol: I=5kg.m
R=0.25m
F =8N

2
mr

Mass moment of inertia, I, = I, =
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M = la
8x0.25 = S5xa
o=04
o — 0> =200

0—0? =2(0.4)xn

o = 1.58 rad/sec

13. Ans: 4.6 seconds
Sol: M=60N —-m

(since for half

revolution 6 = )

L=2m, wo =0,
2002w
® =200 rpm = =T
P 60
© —20.94 2d
SeC

Moment, M = Ia

2
60= "L g
2
L 0 40x2
12

o = 4.5rad/sec’

o = Wgtot
20.94 = 4.5t
t=4.65 sec

X o

14.

Sol:

Ans: (a)

el

Moment (M) =Wxr=mx g xr
Applying D-Alembert’s principle
M-Ia=0

mgr— (Ip + mk?) a =0

mgr mgr ar

I, +mk’ mr’+mk> mr’+k’

Linear acceleration of the reel = tangential

acceleration to the drum

| ACE Engineering Publications >Hydcrabad|De]hilBhopallPunclBhubaneswar| Lucknow | Pata | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally| Kolkata




Eﬁf’Eﬂmeém?PEubhmons 128 Engineering Mechanics
49.48418 ‘u, = 4.448;;162.132 ©2.83
Chapter- 7 ' '

Work-Energy Principle and Impulse
Momentum Equation

01. Ans: (a)
Sol:
VIV -
3 : Lcos30°
L: 3048m \\\/,’ \\\ ’ A 4
_________ -y
(/\ ///
— N L-Lcos30°
W2 P v
v |262.13N[" """t
W, = 4.448N,
u =7?

The loss of KE of shell converted to do the

work in lifting the sand box and shell to a
height of “L — Lcos30°”

ie, Wd= %sz

Where d = L — Lcos30°
=3.048 —3.048%xc0s30=0.41m

266.58}(\/2
=V =2.83 m/sec

9.81
Where V is the velocity of block & shell

By momentum equation

266.58x0.41= %[

mpu; + mpup = myvy + mpvp

Where vi=v,=V&u =2, u,=0

= u; = 169.6 m/sec
u; & u; = Initial velocity of shell and block
respectively

V; & V, = Final velocity of block & shell

02. Ans: (b)
Sol:

Strain energy in spring = Area under the
force displacement curve.

1
2

Fxs

1 1
—(ks)xs = —ks?
2( ) 2

%ks2 = Gainof KE

LEWCIE
2

2

» _k

m

SZ
V=1,§.S (m
w

ks?
=v =g
w

3]
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03. Ans: (a)
Sol: Given, m = 2kg
Position at any time is given as
x=t+ 58+ 2t
Att=0,x=0,
At t=3sec,
x=3+5(3%)+2(3%) =102m

Velocity, V = C(li—): =1+10t + 6t

Initial velocity i.e., t=0, isvi=1m/s
Final velocity i.e., at t = 3sec,
is ve=1+10(3) + 6(3)* = 85m/s
Work done = change in KE
1

2 2
= —mv; —Emvi

2

x2(85> —17) = 7224 J

04. Ans: (a)

Sol: Given force F = ¢

Work done = IFdx

Xy

1.5 02X L5
= J.e’z"dx = { }
2

0.2

=0.31J.

05. Ans: (b)
Sol: F=4x-3x"
Potential Energy at x = 1.7 = work required

to move object from 0 to 1.7m

1.7
PE = j Fdx
0

= [2)(2 —X3];7
=2(1.7* = (1.7)°
=0.867]

06. Ans: (¢)
Sol: dW = wdx

v

Where w = weight per unit meter
dw = a small work done in moving small

elemental “dx” of chain through a d/s “x
Work done = change in KE

| e s

g

b 2
dex.x +w(L-b)b= % wLv
0

2 2
WO w(L—bp =L WY
2 g
2 2
wh +wLb—wb2:lWLV
g
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wb? 1 wLv? From 1 & 2
wLb — =—
2 2 g u; =—13.33 m/sec
2 u; = 16.66 m/sec
b(L _ E} _1Lv
2) 2 g

07. Ans: (d)
Sol:
W1 = 10N W2 = 20N
Vl =40m/s V2 = 10m/s

m; = lkg , m, = 2kg ,(since g = 10m/sec?)
Velocities before impact
vi =40 m/sec, v, = —-10m/s
Velocities after impact
u=?2u="?
Coefficient of restitution e = 0.6
From momentum equation
m;v;+m; vy = mpu;+mpup
= 1(40) + 2(-10) = 1(uy) + 2(u2)
= ut+2u =20 (1)

L il TR relative velocity of Seperation
v, —v, relativevelocityof approach
06=_"2"%
40 —-(-10)
SW—U1=30. i (2)

08. Ans: (b)
Sol: Given, m; = 3kg, m, = 6kg
Velocities before impact
u=4m/su;=-1m/s
Velocities after impact
vi=0m/s v,=?
From momentum equation
miu; + mpu; = m;vy + mpvsa
3(4)+6(-1) =3(0)+ 6(v2)

= 6=06v,
=V = 1m/s
. _ v, =V,
Coefficient of restitution, € =
u, —u,
1-0 1
e = = —
4—-(-1) 5
09. Ans: (¢)
Sol:
R — Vv
2R

KE = + mv2 1 1o
2 2
Where, ® = l
2R

1= %m((2R)2 +R?)= %mRz
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5 o :
1 , 1(5 2)( AV j vi = v = v —>velocity of bullet and block
KE= —mV~+— R | —
2 (2 2R after impact.
2 Fd = MN
KE = - mV? +—(5 msz(ij
2 2 2R (M+m)a = py(M+m)g
2
= %mV2+—mR2><4\1;2 =a=pug
i 5 From momentum equation
— 2 2
- Emv + Emv miu; + mpup; = mpvy + mpvsp
KE 13mV?2 mV +m(0) = (m + M)V
16 _ mV
T M
m+
10. Ans: (b) -
Sol: Now from v'—u” = 2as
2
Lo mie O 0—[ MV} g
mIVr—ICm—Emr () \ (m+M Hg
:>lelx1:%><20xl><(o . V=m;M1/2ugs
(neglecting mass of the clay)
®= 10_ lrad/ s
30 3 12. Ans: (a)
Sol: K = 10.6kN/m
11. Ans: (a)
Sol: | (m+M) A=2224N —WWWW—— B =133.44N
. m g
l 0.3m
ua = 0 , U= 0
—————— >
(m+M) a From momentum equation
< T MAUATMBUR = MAVATMBVE
Fa B 0=222.4VA+133.44Vp. ..o, (1)
1 1 1
m; =m — mass of bullet Eks2 ZEmAVAZ +§mBVB2
mp =M — mass of block 0610015 = 299 4 . 133 .44 g
u; = V — bullet initial velocity ' ' 981 * 981 B
u; = 0 — block initial velocity [ (2)
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F 1&2
rom Since &, #0, RB—@—O
va=-1.98m/s 7
vg =3.3m/s Rp = @kN
7
Now let us give virtual displacement at A as
(0] '
Chapter- 8 O
Virtual Work Therefore corresponding displacement at C
&Dare 25, &38'
7777
01. Ans: ﬂ,@ ,
7 7 !
Sol: . 2SKN | 578"
! 3/78,
Al | , B
R 2m € oam D m T
A
/% 2m 2m D 3m @B
Let Rao & Rg be the reactions at support A - By virtual work principle,
& B respectively. Ra x8'y— 25><7 d'y 5x% d'y+Rpx0=0
Let o, displacement be given to the beam at 125 75
. . . R,———1p,=0
B without giving displacement at ‘A’ ( Ay 7 jS
i 8'y#0,Ra— 200 _,
! 7
& 200
s, | V7O ! Ra=—= kN
A B
The corresponding displacement at C & D
P & TP 02. Ans: Ry = ﬂkN Rg = @
2 4 3 3
are —8 and_90,
7 7 25kN 35KN
By virtual work principle Sol:
Rax0-25%x— 6 —25x— 8 +Ry, ><8 =0 4m 2m 2m
A A
15 N
= Z +Ry 3, =0 Ry Ry
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Let the virtual displacement at D as &, then Now, Let the virgual displacement at A as
corresponding displacement at different d'y
point as shown below (Assume no
displacement at A). o'y 5

N
6 1
! 2m
4m C

By virtual work principle,

Rax0-25x% % Oy tRpx g 8y—35%0, =0

25 3R
—?Sy +—2 5,-356,=0
3 25 .
ZRB :35+? (since & ,#0)
190
Rrp= 2~
b3

The corresponding displacement at C & D
are %6; and %8;

Now by virtual work principle,

R, 3, —25x%8'y +R, ><O+35><%8'y =0
Since &, #0,

R —£+3—5=O
3 3

RA = _TIOI(N
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