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Engineering Mechanics

(Solutions for Text Book Practice Questions)

01. Forces and Moment Systems

01.

Sol:

Ans: (b)

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

R = \/F? +F2 + 4F? cos 0

260 = \J4F2 + E? +4F2 cos
260 = 5F} +4F} c0s0 ------ (1)

R'= \JF2 +F2 +2F,F, cos®

180 = \/4F2 + F2 +2.F, F, cos(180—6)
180 = 5F; — 4F} cos 0 ------ (2)

260 = 5F7 +4F} cos0

180% = 5F7 —4F7 cos 6

2602 +180> =10F?

= F,= 100N,
260 = 5(100)*+4(100)*cos0
= 0 =63.89

Where 0 angle between two forces.

02. Ans: (b)
Sol: Let the angle between the forces be 0

Q S

Where, R is the resultant of the two forces.

2Q R

6 P

If Q is doubled i.e., 2Q then resultant (R') is

perpendicular to P.
P+2Qcos6

= P+2Qcos68=0
P=-2Q cos® ------ (1)

Also, R = \/P2 +Q* +2PQcosO
R = Q [using eq.(1)]

03. Ans: (b)

Sol: Since moment of F about point A is zero.

.. F passes through point A,
Y
N
1 \\‘\F
3m #FV
"""" [} S AN
; ) 6m i )
M; =180N —m

Deep Learn - India’s Best Online Coaching Platform for GATE, ESE, and PSUs

Enjoy a smooth online learning experience in various languages at your convenience




AR

/4 N}
v v
v v
VN .Y Engineering Publications

CIVIL-Postal Coaching Solutions

My =90N-m
M =0
M; =180 =F, x3+F, x0

Mj, =F, x3-F,x6=-90

60x3—-6F, = -90
=F,= ﬂ
6
F, = 45N

L F=JE2+F} = \60® +45" =75

04. Ans: (a)
Sol: dw

360 N/m

¢ »|
<€ >

w 16
Idw = dex
0 0

16

16
W= j 90+/xdx =90
0

0

= 90x§[x3/2]§f = 60 (16)>

w =3840 N

The moment due to average force should be

equal to the variable force
R x d=2Xdw x x

16
3840xd = j 90+/x.dx.x
0
15
= 90IX1'5dX
0

25 6
3840d = 90| >
25

0

= d=9.6m

05. Ans: (¢)
Sol: Moment about ‘O’

M, = 100sin 60x3

=300x§ =150+3

=259.8 =260 N
06. Ans: (a)
Sol: 190N 150N TN 2TN
A B C D
0.9m 1.2m 0.75m
Fr = SF,

Fr = 100+150-25+200 (upward force
Positive downward force negative)
R=425N

For equilibrium

>Mj = 0 (since R = resultant)

Let R is acting at a distance of ‘d’
425xd = 150x0.9+25%2.1-200x2.85
= d=1.535m (from A)
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02. Equilibrium of Force Systems

01.

) 30°

Resolve the forces along the inclined

surface
>F.=0
Pcos45 —Wsin30 =0
_300sin30 . p_hpn3N
cos45
02. Ans: (a)
Sol: Tas
Tac
60°N\AA30°
600N

Tap c0s60° = Tac cos30°

Tas = /3 Tac
TAB sin60° + TAC sin30° = 600 N

03. Ans: (¢)
Sol:

200

Fig: Free body diagram at ‘B’

1:BC

Fig: Free body diagram at ‘C’

For Equilibrium of Point ‘B’

F.s B Fac ~ 200
sin(60+ 75) sin(60+45) sin(120)
FBC =223.07N
From Sine rule at “C”.

P

Fep _ Fac _
sin(75+45) sin(60+75) sinl05

_ 223.07xsin105

3 1
ZT,. +=T,c =600
2
= TAB=520N; TAC=3OON sin135
P=304.71 N
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04. Ans: (d)
Sol: T
mg
tand = 12> = 0 = 24.45°
275
Tsin® = mg.
Tsin24.45 = (35x9.81)
T=829.5N
Ry=Tco0s24.45=7554 N
Ry=0
05. Ans: (¢)
Sol: | 2T T

Pt 1

T+2T+T =mg
4T =mg
m =4T/g
06. Ans: (b)
Sol: a R
‘ w ¥
B T A\ A
N
fe——— L »|

)

N-W+T=0
=>N=W-T

T W-T

—— 1 y

2 F, =0 for entire system

RA+T-(W-T)=0
RA=W-2T  —mem- (1)

For equilibrium

= T=

T

2Mp=0
TXL=(W-T)a
TL=Wa—-Ta
TL +Ta=Wa
T (L+a)=Wa
Wa
L+a

substitute in equation (1)

L+a

R, = W—Z( Waj

Ra

_ W(L+a)-2Wa
B L+a

~ WL+Wa-2Wa
- L+a

_ WL-Wa

"~ L+a

_ WL-a)
 L+a
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07. Ans: (¢)
Sol:
P= 600 N RC =R

f—3m o P
P=600N
Rp=R
l 5m g
SF,=0
600 —-Rc+Rp—-600=0
= Rc=Rp=R
YM =0
600 x5=R x3

= R=1000 N=Rc=Rp

08. Ans: (a)
Sol: F.B.D
\\
Ran 0 B

Rav 200 N 100 N
ZMA = 0
Tan0 = §
4
0=63.43

Tsind x4 (O) —200 x2 (V) 100 x6 (V) =0
—T=2795N

Engineering Mechanics
Now, > F, =0,

Ran —Tcos6 =0
Rap=125N
2F,=0
Rayv—200-100 +Tsin 6 =0
=Rya=50N

09. Ans:400 N
Sol:

3m

2F, =0
Ng—-W=0
Ng =600 N
XMp=0
Px3+Wx2 — Ngx 4=0
4N, -2W
T3
_ 4x600-2x600

P

P = 400N
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03. Friction

01. Ans: (¢)
Sol: The FBD of the above block shown
IT
A — 100 N
F <

[N FBD of the block

2Y=0 = N+T-W=0
N=W-T=981-T
F=uN=0.2(981-T)
2X=0=100-F=0
F=100=0.2 (981 -T)
=T=481N

02. Ans: (¢)

Sol: Given Tan0 = %

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

Free body diagram for block (2)

%
T 2
X

N
==

N W,

F2<

v \4

Fl 4_“—

N,

From FBD of block (2)
YFx=0
F, = Tcos0O
F,= %T=O.8T ------ (1)
2F,=0
N, + Tsinb — W, =0
N, = W, — Tsin6
N,=50-0.6T
But F,= pN,
= F,=0.3(50-0.6T)
F, =15-0.18 T ------ (2)

From (1) & (2)

0.8T=15-0.18T
= 098T =15
= T=1531N
S Na=50-0.6T

=50-0.6 (15.31)=40.81 N

F, =uN;=0.3x40.81=12.24 N
From FBD of block (1)
2F,=0
Ni=No—W;=0
N; =N+ W; =40.81 + 200 =240.81 N

N,
F1 = },lN] = F] = 0.3 x240.81
Free body diagram for block (1) F1=7224N
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YFy=0 04. Ans: (d)
P-F -F,=0 Sol: F.B.D of both the books are shown below.
P=F, +F,=7224+12.24 tN,

P=8448 N =~ 845N

=y

03. Ans: (b) v g
Sol: Free Body Diagram N,
10ecm 20 cm f < l
N >
Fﬁ P P fl < T T F
[T
m; g
r—F P where, f is the friction between the two
35 cm 10 cm
N books.
W=100N f is the friction between the lower book and
ground.
—_— —_— 1 . . .
Fao=uNa= ENA Now, maximum possible acceleration of
1 upper book.
F B — ].J,NB =—N
3 B amaX:fmax :Mngzuxg
SMp =0 Y U4

=0.3 x9.81 = 2.943 m/s’

For slip to occur, acceleration (a;) of lower

~100x30(O)+ (Nax20)(O)+(F, x 12)(0) =0

—3000 +Nj x20 + % Nax12=0 book. i.e’ a1 > amax
= NA=125N ot ) 043
m,
YF, =0
= Ng=25N [ f=1fpnx=2.943 and
>F, =0 fi= pux(m; +my) g=0.3 x2x9.81]
1
P=FA+FB=§(NA+NB) F>11.77N
1 Fuin=11.77N
= 5(125 +25)=50N
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05.

Sol:

Ans: (d)
Tan6 = i = sinf = E
)
cosO = i 4
5
FBD for bar AB (2)
B
H
10 m
4m 6 m
W
0
A F,
N,
le 8 m R
™~ i
FBD for block (1)
N2| |W1
«—F,
P
T :
N,
Given W =280N, W;=400N

Now, XM =0

“W x4 (O)+Nyx8(U)-F,x6(0)=0
—280 x4 +Np x8 —uN; x 6 =10

= N;=200N

But, Fo = uN; = 0.4 x200 =80 N

From FBD of block (1)

SF, =0
Ni-No—W,; =0
N =N, + W,

=200 +400
N =600 N

06.

Sol: Given, W5 =200 N, ny=0.2

Wp=300N,pug=0.5
N

But, F; = uN; = 0.4 x600

Fi=240N
YXFy=0
P=F, +F, =240+ 80
P=320N
Ans: (a)

FBD for block ‘B’.

ZF, =0

Np = WgcosO

Ng =300 cos6

But, Fg = uNg = 0.5 x 300 cos0
=150 cosH

YFx=0

T + WgsinO — Fg =0

T = Fg —W5 sin0

T =150 cos6 —300 sinO ------ (1)

FBD for block ‘A’ e
ZF, =0

Na —Wacos6 =0
Na =200 cosO

Fa=uNa =0.2 x 200 cosO W, Na
But, Fo =40 cos6

Y>Fy=0

T+ Fa—WjsinO =0
T = WasinO — Fy

T =200 sin6 — 40cosH
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But from equation (1)
T =150 cosB — 300 sin6
.. 150c0s0 — 300sin6 = 200sinO — 40cosO
190 cosB = 500 sin6

tan = 190
500
= 0=20.8°
07. Ans: (d)

Sol: FBD for the block

Y 45°
2F,=0
N — Wsin45 —Psin45 =0

500 P
N="—+—

V2 W2
But, F=puN= 0.25(ﬂ + 1]

J2 2
>F,=0
Pcos45 + F — Wsind5 =0
Pcos45 + 0.25£5—00+ij — SOOXLZ 0
22 V2

—
P=300N

08. Ans: (a) w
Sol: FBD of block
F1 = },lNl
F,
F> = uN,
SF, =0 N;
NZ —F1 =0
F
= Nz = F1 ( F1 = HNI) N
1
NZ =u N]
2F,=0
N1 + Fz -W=0
N1 + MNQ -W=0
N, +p’N; -W =0 (. Ny = uN))
N (1+p%) =W
N1 = W 5
I+p
AV
N2 = H B
I+p
Couple = (F; + Fo) xr = ur (N;+ N>)
rx W(l+
y W (2 M) Cou=9
I+p
~ Wrf(1+p)
1+
09. Ans: 64 N-m
Sol: FBD of shoe bar:
L 800 N
lOOONr !
NI , 480 1B .
T100
ol
FC VC VB
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FBD of Drum Brake :

Ve
F

C

>Ms = 0

Ve x 480 + Fc x 100-1000 x 800 = 0
Fc=pVe=0.2 Ve

480V e+ 0.2V x100 = 800000
500V = 800000

Ve=1600 N

Fc=0.2 Ve =0.2x1600 = 320 N

M = 0.2xF¢ = 0.2¥320 = 64 N-m

10. Ans: (a)
Sol: (=20
cosO = 6
12
= 0=60
B =360-26
41
=240= —
P 3
200 +206 =180
200=180-120
a=30=—
6

FBD ;
W=1000 ' P
(When W moves upwards)
For P, calculation,
W>T,
2l
Tl
1
T, = 201() =846.48 N
P
" I et?
T2
)= 8418;18 =223.12N
or s
TZ — epa
Pmin
= Pmin = 22?32
e?g

Pmin = 188.86 N~ 189 N

For P« calculation
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T _ e
W
1z
T;=1000xe" ¢
T,=1181.36 N
&zeuﬁ
Tl

1 4n

T,=118136xe" 3 =4481.65N

o

max

T,

=ep.0t

Il =«
Prax =4481.68 x e™ ©
Pmax =5300 N

11. Ans: (b)

Sol: Given n=0.2, tanB= %
= cos 0= i
5
/X
’ sinQ = <
5

Fig: FBD (2)

From FBD (1)

2F,=0

N>, -W5 cos6=0

N> = W5 cosb = Wx0.8

N,=0.8W

SFo=puN2 =02 x 0.8 W
F,=0.16 W

YFx=0

T; —WasinO-F,=0

T, =F,+ Wsinf = 0.16 W +0.6 W
T,=0.76 W

From FBD (2)

2F,=0

N, +W; cosO = N

N; =N, +W; cos0

N;=0.8W + 1000 x %

N = 0.8 W + 800
F; = uN; = 0.2 ( 0.8 W-+800)

=0.16 W +160
T,=T =076 W ">
T,=142W
SF =0

Tz +F1 + F2: W1 sin®
1.42W+0.16 W+160+0.16W = 1000 x %

1.74 W = 440
= W=25287N
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12. Ans: (d) From FBD (3)
Sol: uR uR 2Fy=0
T, —200=0
R «— R
| = T,=200
l From FBD (2)
e 2000 N
At equilibrium T, 5
L
2R = 2000 T, ©
2000
— — 0.3x—
Taking moment about pin T1=32039N
= F=5000N SF, =0
13. Ans: (b) N-W=0
Sol: 1x9.81=9.8IN N = 1000 N
F=puN
W v | =0.3 x 1000
A -~ —
4 F F=300N
N Y>Fx=0,T;+F-P=0
ZY =0 32039 + 300 = P
= N=98IN — P =620.39
Fs=uN=10.1x9.81 =098 N P =6204N
The External force applied = 0.8 N < F;
= Frictional force = External applied 04. Kinematics of Particle Rectilinear and
force=0.8 N Curvilinear Motion
14. Ans: (b)
Sol: w TTQ 01. Ans: (d)
l r, T Sol: x=2t> +¢% +2¢
P dx )
— % F V=E=6t +2t+2
Fig: FBD (1) 200 dt
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02. Ans: (a) 04. Ans: (a)
Sol: V =kx’—4x>+ 6x Sol: Given A =857
Vax=2itk=1= 2~ 4(2)* + 6(2) = 4 av ds_ .
v dx  dx dx T ae e
a= —=k3x*——-8x—+6—
dt dt dt  dt We know that, dev = j ads

a=3x*(V) - 8x(V) + 6(V)
= 3(2)°x4 —(8x2x4)+6(4)

=8 m/s’
03. Ans: (d)
Sol: Given, a= 6\/7
V6w
dt
dv
2V =6t+C,

Given, at t=2sec, V=36
= 2436 =6(2) + C;
=C;=0
24V =6t
V =9¢

ds _
dt
Ids=j9t2dt

S=3t+C,
At, t=2sec,S=30m
=30=32)]°+C,
=0C=6

But V= 9t?

S.S=3t+6

Att=3sec
S=33)+6
S=87m

2
V—:J‘—Ss*2 ds
2

2
V_:§+Cl

9 S

Given, at S=4m, V =2 m/sec

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

:>C2: E—4: i
3 3

%sm =4t+C,
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0s.
Sol:

Att=2sec
20 :4(2)+f
3
= s=15.808m
-8 -8
s2 5.808

Ans: (¢)

Given, a = 42 -2

4 s

dt

dv = (4= 2) dt
3

V= L 2t+C,

3

d—X:4i—2t+c

dt 3

fax= j(——zuc ]dt

4 2
o —2.t—+Clt+C2
3x4 2

X =

tt
x=——t"+C,;t+C,
3
Given condition,
Att=0, x=-2m
=-2=C
Att=2,x=-20m

4

= -20= 2?—22 +4(2)+(=2)

=-0.237 m/sec’

Latt=4 sec
4
X = 4?—42 ——(4) 2

=28.67m

06. Ans: (b)

Sol:
up = 20 m/sec ug = 60 m/sec
ax =5 m/sec’ ap = -3 m/sec?
@) O O
Pt “A” Pt “B” A &B
< SB »
Sa

Let Sa be the distance traveled by “A”
Let Sg be the distance traveled by “B”

SA: SB +384

u,t +%aAt2 =u,t +%aBt2 +384

20t +15t2 = 60‘[—l3t2 +384
2 2

42— 40t - 384 =0

t=16sec (or) t=-6sec

J.t=16sec

07. Ans: (b)
Sol: Take,y=x"—4x + 100

Initial velocity, Vo = 4i—16]
If V is constant

Vy,ayatx=16m

Vi=Vi= —=4
dt
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v, = W g dx_,dx = 18t=36
dt dt dt =t=2sec
(Vy) =2x(4) - 4(4) _ 1 )
V, = 8x - 16 LX) = 5(9.81).2 =19.62 m (from the top)
(Vy)atx=16 =8 (16) =16 = 112 m/sec X, =36 —19.62
a, = & _ i(2xV —4V) = 16.38 m (from the bottom)
Yodt odt Y
("." Vx = constant) 09. Ans: (b) o U=0 .
=2Vd—X=2V v Sol: V=u+at £ = Ssec
*dt ~ V=0+9381(5)
a, = 2V> V =49.05 m/sec ——
(ay) x- 16 = 2x4* = 32 m/sec? s1
V = velocity with which stone strike the
08. Ans: (c) glass
Sol: +r @ T‘ <0 T Velocity loss =20% of V
e _ 49.05x20 _ 0.81 m/sec
100
h=36
.. Initial velocity for further movement in
= olass = 49.05 —9.81 = 39.24 m/sec
! @’W = 15%8(e Distance traveled for 1 sec of time is given
by
Let at distance of “x;” ball (1) crossed ball (2) 1
2
S = ut+—at
J.X1+HX=36 2
1
= 39.24(1) +—(9.81)(1)
xi=0(t) +2gt® (s=ut+iat’) S =39.24(D)+-0-8D(1)
1 2 2 S=44.145m
X1 Egtz -------- (1)
1 10. Ans: (a)
Xy = 18(t)——gt2 Sol:
2 O Vit V100 misec
("."a=—g moving upward)
+x; =36 30", v
B 1X2 . 1 s \
2 2
:>§gt +18t—§gt =36 \ x=2 h
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ay=-4 m/sec? , ay=-20 m/sec? 1
t= —— e (1)
ﬁ cos0
Vi =V cos30 = IOOXTZ 86.6 m/sec
y =V, t——gt’
V,-Vjsin30 = 100><l =50 m/sec 1
2 8.0= VsinOt—Egt2
|
=V t+—a.t
YT et . 11 1Y
{ 8.0 = 20sinOx 6—§x9.81x 5
— 60 = 50t + — (—20)t> cos cos
2 8 = 20 tand — 4.9 sec’0
2 _
10" —50t—60 =0 8 = 20tan® — 4.9 (1+ tan’ 0)
=6 (or) —sec 4.9 tan> 620 tan6 +12.9 = 0
S t=6sec tan0; = 3.28, tan6, = 0.803
‘= V0t+laxt2 0,=73.04; 6, =38.76
2
X = (86.6 % 6) + ~(-4)6° 12- S
L Sol: Range = maximum height
x=447.6 m ~ 448 m V,sin20  V;sin’ 0
g 2
11. Ans: (a) sin? 0
Sol: Given, V =20 m/sec 5in20 = 5
x=20m,y=8.0m .
s = 2sinO cosO = sin” 6
y
vV, Vv = tan0 = 4
[//\ - 0= tan'(4) = 76°
v,
13.
| >
! "X Sol:
Viy=Vcosd , V,=Vsinb
X = th—i-lat2 (" a=0 along x direction )
x =VcosO t
20 =20 cosOt Vix
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Vix=100-t"?
Vi, =0 =100+ 10t — 2= 0
(t=10)(t+5) =0
t=10 sec

Vo att=10 =V, = 100 — 10>
= 68.37 m/sec

2

Radius of curvature, r= —
a
N

dVy
Where ax = ay =
dt att=10sec
= (10 — 4t)t:10
an = —30 m/sec?
2 2
r= Va, 40837 &8 155.8 m
ay 30

14. Ans: (a) v,
y
Sol:

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

Vix = 50 m/sec
NG}

Viy = Vv sin60 = IOOXT

viy = 86.6 m/sec
Voy = Viy—gt  (use V = u+at)

=86.6—9.8(1)

Vax = Vix = 50 m/sec

Vatt=] = 1/V§X +V§y
= 1/50% +76.8>

=91.6m/sec.

vy 76.8
o =tan™ Z = Tan’! ?
a=56.9
an = gcosa = 9.81xc0s56.9
= 5.35m/sec’
2 2
V916" ses62m
ay 5.

Vay
15. Ans: (d)
Sol:

V=50 m/sec

Vix =V c0s30=43.3 m/sec

an=g=a
2 2

r= h: 43.3 =191.13m
ay 9.81

vay = 76.8 m/sec

Deep Learn - India’s Best Online Coaching Platform for GATE, ESE, and PSUs

Enjoy a smooth online learning experience in various languages at your convenience




<<

™ ACE L

05. Kinematics of Rigid Bodies Fixed Axis 02. Ans: (¢)
Rotation and General Plane Motion Sol: Given ® = 4+t
01. Ans: (a) 0 = 2 radians at t = Isec
Sol: 0=?a="7?att=3sec
do
o= E:Jd6=jmdt
0 = J4/tdt
V=2 m/sec I8 \/_
0=—t""+c...(1)
3
From given condition, att= 1, 0 = 2rad
()=2= 2(1)3/2 +c, =, :_T
3
anp = 2 RSN, v
3 3
0 =Tan" 3/4 =36.6"
Att=3sec,0= §(3)3/2 _2
ay = ar cosO — an sinf 2 3 3
Note: Velocity will always act in the 0,5 =13.18rad
tangenti'fll direction o do_d(4 \/z) vy
Vx = Vsinf dt dt \/{
2 2
V= =3.33 m/sec == 2
Sin36.6 Ol =3 ﬁ 1.15rad/sec
= V_2 B 3.33?
- AN " 10 03. Ans: (b)
an = 1.111 m/sec? Sol: r=2cm, ®=3rad/sec, a =30 cm/s’
_ 2 2 _ 2
a, = ar cosO-ay sind an =1 =2(3)" =18 cm/sec
4 = arc0s36.6 — 1.111sin36.6 Since total acceleration a = y/a; +ay
= ar = 5.83 m/sec’ =a’=al+al
ar=ra 30> =al +18’
a:a_T:& ar = 24 cm/sec?
f ! 5 ar =ra =24
=0.583 rad/sec 24 s
o= — = 12rad/sec
2
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04. Ans: (d)
Sol: Given angular acceleration, o. = 7 rad/sec’
Angular displacement in time t; and t,
= rad = 0,0,
Oy = 27 rad/sec
oq="7?
o, — 0, =200,

2 2
0, —0, =200,

2 2 _
W, —0y = ZOL(GZ _61)
4’ — ) =21’
2 _ A2
0, =21

®t] :TE\/E

05. Ans: (¢)
Sol: Given retardation
a =3t
do_ 3
dt
I do = I ~3t%dt
o=-t+c

From given condition at t =0,

o = 27 rad/sec

27 =-0’+¢;
=c =27
Lo=-—t+27
Wheel stops at ® =0,
=0=-t+27
= t=3sec

06. Ans: (¢)
Sol: angular speed, @ = 5 rev/sec
= 5x2m rad/sec
o = 107 rad/sec
Radius, r=0.1m
If o is constant, dw = 0

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

Sincear=0
a=.ay +a’r
2
v (ro) 2
a=ay= — = =r®
r r

=0.1x(107)* = 101” m/sec’

07. Ans: a =40m/s’

Tangential acceleration
ar=rao =2x 12 = 24m/s*
Normal acceleration, ay =r o’
=2 x 4° =32 m/s’

The resultant acceleration

a=qar +ay
=+/24% +32% =40m/s*
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08. Ans: (b) V. = along vertical
Sol: V, = Vy, = along horizontal
T~ So instantaneous center of V, and Vy, will be
perpendicular to A and B respectively
1
IA=0B=1xcos0=1xcos60° =5m
IB = OA =1xsin8 =1xsin 60° =§m
V, =oxIA
VA = 1‘01 A XO
= o=—=2rad/sec
= 12=1,,x%6
I, , = 2m
' 11. Ans: (d)
4=2tr,, Sol: Refer the figure shown below, by knowing
I, =2m the velocity directions instantaneous centre
Vg = . x0=2x6 can be located as shown. By knowing
: 0,B
velocity (magnitude) of Q we can get the
Vg =12 m/sec ¥4 g' ) Q g.
angular velocity of the link, from this we
09. Ans: (a) can get the velocity of ‘P using sine rule.
Sol: Instantaneous centre will have zero velocity
because the instantaneous centre is the point
of contact between the object and the floor.
10. Ans: (a)
Sol: 2
Z :
A A

8

/777

os)

‘I’ is the instantaneous centre.

From sine rule
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P I 1P
.Q=.Q=. Ea+W=W+Q—Ea—ga
sin45 sin70 sin65 g g g
P _ sin 65° Qa 2Wa
IQ sin70° _? - g
V,=1Qxw=1 —a 2Wa 2Wa
Q Q(g ] — :>Q — -
V, g g g—-a
> 0=—
1Q
VP:Ime=ExVQ:S%n65 1 02. Ans: (b)
IQ sin 70° Sol: u=0, v=1828m/sec, S=1.825m,
=0.9645 v2—u? =2as
1.828°—0=2ax 1.828
06. Kinetics of Particle and Rigid Bodies 1.828
a f—
2
01. Ans: (a _ 2
(a) a=0.914 m/sec ’ T Direction
Sol: Direction of , motion
Inertial force i W T
G ]
Directionof [Ty, o) 1T g
motion [ s ]a ” W
s For equilibrium, XF,; = 0
' Rl |Direction of
[\‘ﬂ i | W] ¥ motion T =W+ (Eja
g
\%% (Eja W+Q
g
= 4448+ﬂx 0.194
For the left cord, 9.81
2F,=0 T=4862.42 N
T= (Eja +W .. (1)
g 03. Ans:(a) P,
For the right cord Sol: *
2Fy =0 | i 3P
v ‘ 4 !
T+(W+Qja:(W+Q)...(2) Px
g ry
From (1) & (2) F
N
(Eja+w =W+Q—(W+Q)a '[anG:E
g g 4
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0=tan'(3/4)=36.86 From static equilibrium condition
(Fnct )X = ma ZFy =0
N-W=0
\\%
Py—F = (E]a N =W =44 48N
W From dynamic equilibrium condition
Pcos36.86-F=| — |a
g 2F,=0
F=ma
0.8P —F = [%](0.2@ W
g uN = —a
0.8P — F = 444.8 . S
08P -F=4448 +F Hzg
P=556+1.25F ...... (1) )
a=pug ....
2Fy=0 . 22
Since v-—u” = 2as
N+Py—W =0 2
. 0-(9.126)" =2(-a) x 13.689
N=W—Py(sinceu=ﬁ) a=3.042 ....(2)
From (1) & (2
PN (1) & (2)
3.042 = 1(9.81)
F=p(W-Py)
. = pn=0.31
=0.2(2224 — P sin 36.86)
F=4448-0.12P .....(2) 0 <
5. 4
From (1) & (2) ns: ()
P =1556+1.25(444.8 — 0.12P)
1.15P=1112
P =966.95
P=967N Y
04. Ans: (d) AW
Sol: TTuU=0.126ms —e V=0
<+— ma i
I !
. S > mg cos6
. X
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2F, = 0 (static equilibrium)
N—-Wcos0 =0

N = Wcos0 = mgcos0

Since F = uN = p mgcos0....(1)
>YFx = 0 (Dynamic equilibrium)
F+ma — Wsinb =0

F = —-ma+mgsin0

F = mgsinf—ma...(2)

From (1) & (2)

umg cos® = mgsind — ma

—a = gsinb — pgcoso

= a = gcosO(tand — )

Given PQ =s
S = utt L af
2
s = 0(t)+l i = |
2 a

_ 2s
gcosO(tan 0 — )

06. Ans: (a)
SOl' NSNS
tx
“TB T AT
. lBEE?a
mgag I‘l"lBg
A lTl’l’l/\a/\
mAg
TA:2TB (1)

Work done by A & B equal
TaSa =TsSs
2TgSA=Ts Ss
2SA=Sg
2as = ap ....(2)
For ‘B’ body
Tp = mpag + mpg ....(3)
For ‘A’ body
Ta =mag — maan .4
(2),(3) & (4) sub in (1)
ma g —maaa =2(mp(2ax) + mpg)
mag—myap=4mpap+2mpg
mp ap+4mpay =mag—2mpg

_ m,g-2m,g

a
A m, +4m,
_ 150-2(50)
150 (50
10 10
= —50 = & =1.42
15+20 35
07. Ans: 4.905 m/s
Sol: us=04; pug=0.2 W=200N
FBD of the block l

Engineering Mechanics

T‘F
N

W.r.t free body diagram of the block:

Fs=pusN;
FK = },lKN
XFy = 0
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N-W=0

N=W=200N

Limiting friction or static friction
(Fs) = 0.4x200= 80 N

Kinetic Friction
(Fk)=0.2x200=40 N

The block starts moving only when the

force, P exceeds static friction, Fg

Thus, under static equilibrium

=2F=0

= P-Fs=0=10t=280

t=—=28sec
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)= m><d—:>(10t—40)_ﬂ ('
dt 9.81 dt

10

[aot-40)dt = 200 jd

8

[s2 — a0}’ =20.387x ¥ = (180-80) = 20.387x
Velocity (V) =4.905 m/s

08. Ans: 1.198 m/s>
Sol:

FBD of the crate

! W=100x9.81=981N

W.r.t. FBD of the crate:

Wy = 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=0.3x 966.09 =289.828 N
YFx=0=>P+Wx-F=0

= P +289.828 -170.34 =0

P=119.488 N
P=ma=119.488 N

©119.488

=1.198 m/s>

09. Ans: 57.67 m
Sol: Wy =W sin 45
=98.1 xsin 45 =69.367 N
Wy, =W cos45=69.367N
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M=1a
~
\:v " ma M =29.43 x 3 = 88.29N-m
i F 2 2
1=1,+Ad’ =%+de BELUMENES
W,=Wsin 45° ,
s =16+27 = 43%kg—m
B M 8829
W, = cos 45° =—=—"2=2053rad/s’
< I 43
R W=mg = 98.1N
________________ 11. Ans: (d)
ZFY =0 Sol: ||= L K
N-Wy=0 N il
' ma
N =Wy=69.367 N | : \) |
F=pugN=0.5 % 69.367 = 34.683N v T TW o
2> Fx =0 (Dynamic Equilibrium : L2
D' Alembert principle) XFy =0
Wy—F-ma=0 Vatma=W
69.367 — 34.683 — 10xa =0 Va=m(g-a)...(1)
a=3.468m/s’ Where, a = %a
1
S=ut+§at2 Since, M = Ia
*~ t is unknown we can not use this equation s L _ mL2 N L 2
Souse V’-u’ = 2as 2 12 m 2 <«
V=20m/s>; u=0; a=23.468m/s>
V2 =2 mx£=4mL2x£
o €27 T2 L
2
v?2 20 3
S= = =57.67m =Zo...02
2xa  2x3.468 a=,8-@
from (1) & (2)
10. Ans: 2.053 rad/s’ Viem _i _mg
Sol: | | A 8 4 8 4
L 1 m% 7m ‘l W
I o g Va= —
| 3m 4
+vW =3x9.81 =29.43N
.ﬁ“ DEEP Deep Learn - India’s Best Online Coaching Platform for GATE, ESE, and PSUs
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12. Ans: (d) 14. Ans: (a)
Sol: I=5kg.m’ Sol:
R =0.25m Thread
F =8N
2
Mass moment of inertia, I, = I, = m
= mr’
2
M=1Ia
8x0.25 = 5xa T .
a = linear acceleration,
a=04 k = radius of gyration
2 2 _
o— my" =200 For vertical translation motion
»’—0>=2(0.4)xn  (since for half mg — T = ma ------ (1)
revolution 6 = 1) For rotational motion
o = 1.58 rad/sec Txr=1Ia
Tr=mk’ o = mk’ x>
13. Ans: 4.6 seconds r
Sol: M=60N-m g
T= rn12< Xa ------ (2)
L =2m, wo =0, r
200x 27 2 2
® =200 rppm = ——— _ - —_&
p 60 mg r2 Xa=ma — a m
©=2094 4
sec
Moment, M = Ia
2
60= "L o
2
0= 202" o
12
o = 4.5rad/sec’
o = motat
20.94 = 4.5t
= t=4.65sec

Regular Doubt clearing Sessions | Free Online Test Series Programme

Affordable Fee | Available 3M |6M |12M |18M and 24 Months Subscription Packages




A
/4 N}
v v
v v
VN .Y Engineering Publications

27

Engineering Mechanics

07. Work-Energy Principle and Impulse

Momentum Equation
01. Ans: (a)
Sol:
- [/ S/
3 S Lcos30°
L:3048m \\\/// \\\/
TTTTTTTTTTTTT 7--e-;---
4/\ , y
I L—Lcos30°
—>| (V2"
v |26213oN[" """ "7 ToTTTToTT

Wi

u

— 4.448N,
=9

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%c0s30=0.41 m

266.58x0.41=l %58 xV?
20 9.81

=V =2.83 m/sec
Where V is the velocity of block & shell
By momentum equation

mpu; + mpupy = mvy + mpva
Where vi=v,=V&u =2,u,=0

4.448 . - 4448 +262.132 y

ul
9.81 9.81
= u; = 169.6 m/sec
u; & u; = Initial velocity of shell and block

2.83

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

02. Ans: (b)
Sol:

v

FocS

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

L
2

Fxs = l(ks)><s = lks2
2 2

%ks2 = Gainof KE

—ks? =—mv?
2
, ks*  ks®
: N — e
m W

03. Ans: (a)
Sol: Given, m =2 kg
Position at any time is given as
X =t+ 5+ 2t
Att=0,x=0,
At t=3sec,
x=3+53%)+2(3%)=102m

Velocity, V = % =1+10t +6t°
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Initial velocity i.e., t=0, isvi=1m/s
Final velocity i.e., at t= 3sec,
is vi=1+ 10(3) + 6(3)> = 85m/s

Work done = change in KE

= lmv? ——mv;
2 2
- %x2(852 ~1?) =72241
04. Ans: (a)
Sol: Given force F = ¢
Work done = J.Fdx
1.5 e—2x L5
- je-“dx :[ } —0.31J
02 -2 0.2
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= [Fdx
0

1.7

= }[(4); —3x2)dx

= [2)(2 —x3]10'7
=2(1.7*= (1.7 =0.867J

06. Ans: (¢)
Sol: dW = wdx
.
le b
| g
_Cmé —

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

@ dw x XJ +(W(L-b)xb)= %(W_Ljvz

g

b 2
[ waxx+w(L-b)b= 1 whv
0 2 g

wb? B l wLv?
g
+wLb—wb? = l wlv’
g

+w(L-b)b

wb?

wb? B l wLv?
2 2 g

2

b(L_EjzlLV

2) 2 g

. bj
vi=2gb|1-—
g( 2L

wLb —
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07. Ans: (d) mu; + mpuy = mvy + mpvp
Sol: 3(4) +6(-1) =3(0)+6(v2)
W; = 10N W, =20N
=6=6v,
Vl =40m/s V2 =10m/s :>V2 = lm/s
Coefficient of restitution, e = Y2~V
U, —u,
_ _ . _ 2 1-0 1
m; = lkg , m; = 2kg ,(since g = 10m/sec”) e= =
Velocities before impact 4a-C=h 5
vi =40 m/sec, v, =—10m/s 09. Ans: (c)
Velocities after impact Sol:
u; = ? Uy = ?
Coefficient of restitution e = 0.6 n v
From momentum equation
m;vi+mp v = mju;+mpus 2R
= 1(40) + 2(-10) = 1(u;) + 2(u2)
=S W t2 =20 (1) KE = lmvz_i__lmz
L Pl T relative velocity of Seperation
v, —v, relativevelocity of approach Where. o = v
0.6 = _H Tl 1 i 5
40— (-10) - Em((zR) +R)= S mR’
SW-—U1=30. 2
o S KE=Ltmv?+1[2mRr? lz
From 1 & 2 . ) AL R
u; =—13.33 m/sec _1 L 1(s YV 2
u; = 16.66 m/sec KE = EmV *3 EmR R
1 V?
08. Ans: (b) =—mV’+>mR’ x—
) 2 4R
Sol: Given, m; =3 kg, m; =6 kg i 5
Velocities before impact = EmVZ + Em\/z
u1=4m/s, L12:*1m/S )
.. . 13mV
Velocities after impact KE = 16
vi=0m/s, v,=?
From momentum equation
@ EEP Deep Learn - India’s Best Online Coaching Platform for GATE, ESE, and PSUs
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10. Ans: (a) 11. Ans: (a)
Sol: Sol: | (m+M) g
------ >
(mtM) a
‘Fd | N
Method I :

By conservation of linear momentum ,we get
1x10 = (20 +1) x V¢ (Where, Vem = velocity
of centre of mass)
= Vem = Em/ s
21
Applying angular momentum conservation
about an axis passing through the contact
point (A) and perpendicular to the plane of

paper, we get
I1x10x1 = Icmm+21x%x1

[Angular momentum about any axis passing

through A can be  written as,

L,=L, +mFxV,,)]

= o = 0 rad/sec

m; =m — mass of bullet

m, = M — mass of block

u; =V — bullet initial velocity

u; = 0 — block initial velocity

vi = v = v —>velocity of bullet and block

after impact.

IFlg = },lN
(Mfm)a = p(M+m)g
=a=ug

From momentum equation
mju; + mpuy = mvy + mpva
mV + m(0) = (m + M)V
mV
m+M

V=

Now from v>—u® = 2as

2
0—( mVy j =2ugs

Method 11 : m+M
Applying angular momentum conservation m+M
. . V= \21gs
about an axis passing through centre of m HE
wheel and perpendicular to the plane of
12. Ans: (a)
paper.
Sol: K = 10.6kN/m
L 0=Ignh o
= o = 0 rad/sec A=2224N —WWWW—— B =133.44N
UAZO, uB:IH 0.3m
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From momentum equation

MAUATMRUR = MAVATMRVE

0=2224V+133.44Vg....cc........ (D)
%ks2 =%mAvA2 +%mBVB2
10.6x10°%0.157 = 222.4 i 133.44 ]23
9.81 9.81
............. (2)
From1 & 2
va=—-198m/s, vg=33m/s

08. Virtual Work

01.

Sol:

A
/% 2m C 2m D 3m

ans: 20y, 150,
7 7

25kN 25kN

]%B
Let Ry & Rp be the reactions at support A
& B respectively.

Let 8, displacement be given to the beam at

B without giving displacement at ‘A’

4/7 5,
2/78,

ohk---—-—————-

A

The corresponding displacement at C & D

are %SY andééiy

By virtual work principle,

2 4
78y —25X78y+RBX8y =0

—-150
:( 7 +RB]8y =0

RAXO*ZSX

Since &y #0, Rg—g—O
LN

Now let us give virtual displacement at A as
Sy,
Therefore corresponding displacement at C

& D are §8y &%8'y

m

3/78,

A

\ _ B

Rp

.. By virtual work principle,

Ra ><6’y—25><§ 6’y—25x% d'y+ Rpx0=0
r, 128 ) g
77
5,0, Rae 222 =0
7
Ry= Z2kN
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|

02. Ans: 750N At extreme position
Sol: Let the displacement of point A be ‘dx’ then
the displacement of point B will be ‘3dx’.
By virtual work method the virtual work B
done by all the forces is zero.
—P xdx+250 x (3dx)=0 Total energy at A = Total energy at B
[.. At A force and displacement has ! Vem o(1— cos )
opposite direction] 2
2
=P=70N .'.V—:g.Lx(l—cose)
Note: At hinge there is no displacement 2
hence work done by the reaction forces at From (1)
hinge are zero. 0.01 (1— cos0)
2
5.0 =0.1rad
09. Free Vibrations of Undamped SDOF
System 02.  Ans: (b)
o1 Sol: At extreme position
Sol: At lowest pint, A
>
T m 1z
v At extreme position,
mg Spirng force, F, = mxX
mv*/L =mx Ao
2
mv’ =mxA x {Z—R}
T=mg+ T
2
2 27
0.01mg=mg+mV =4X2>{7}
2
0.0lxg=—........... (1) =~ 7896 N
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. A . *
03 ns:(d) . W i hx[k+pgA]=0  KtpeAdh
Sol :  The time period of the pendulums is g
o [k+pgA]
T1:27T (%j ..X+TXX:O l
g W
k+pgA]ll” 2n
063 CO:{g[ pg ]} _2n
T, =2n || — W T
g
T=0.78 sec T
Let the time be t in which the longer L.
length pendulum makes n oscillations 05 Ans: (b) et
While the shorter one makes (n + 1)
oscillations. 06.  Ans: (c)
Then Sol:
T=m+1)T,=nT; _Ian
Using (1) and (2) in (3), we find n = 40.5 J_I_I_I_
and t=64.49 s
g 2=
o= —_— =
04. V o, T
Sol: _ 981 2rm
K3, o, 0.6
dst = 0.08938 m
T I = 89.4 mm
X
W
hl 07.  Ans: 0.156
_________ T B PF =prxgxAxh Sol:
)
Fy = Buoyance force 1. Frequency, f =10Hz = o
=p-gb o =21 % 10 = 20m rad/sec
At equilibrium ii)  Atthe highest point, my
W = k3, + pgA x h - mg =my 1
W=k50+k.z+pgAh+pgAx+E.x Y=2= Vi | 1:&
& ¥
y=g=Ax ®* mg
=(AX®)Xo
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A
/4 N}
v v
v v
VN .Y Engineering Publications

= Vmax X @
v _g_ 9.81
o 20m

=0.156 m/s

08. Ans: (b, ¢)

Sol:
Let, K = spring stiffness of original spring

1.
Stiffness of cut spring =2 x k
Koci
N
2. For series arrangement,
1 1 1
—=—t— =K
K, 2K 2K

¢

For parallel arrangement,

Ke=2K+2K=4K

_K_N
m—\/I—T ............... (2)

From (1) and (2)
Mseries < Mparallel

Tseries > Tparallel
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