MECHANICAL ENGINEERING

ENGINEERING MECHANICS

Volume-1 : Study Material with Classroom Practice Questions



Engineering Mechanics

Solutions for Vol - I _ Classroom Practice Questions

Chapter- 1
Force and Moment Systems

01. Ans: (b)
Sol:

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

R = \[F? +F2 + 4F2 cos

260 = \J4F2 +F2 + 4F cos0
260% = 5F; +4F} c0s 0 ------ (1)

R'= JF2 +F2 +2F,F, cos®

180 = \/4F? + F2 +2.F, F, cos(180 - 6)
180 = 5F} — 4F7 c0s 0 ------ 2)

260% = 5F7 + 4F} cos 6

180% = 5F7 — 4F} cos

260% +180° =10F,;

= F,= 100N,
2607 = 5(100)*+4(100)*cosO
= 0 =63.89

Where 0 angle between two forces.

02. Ans: (b)
Sol: Let the angle between the forces be 0
Q /’R
/’e P

Where, R is the resultant of the two forces.

2 R

6 P

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

perpendicular to P.
P+2Qcos6

= P+2Qcos6=0
P=-2Qcos® ------ (1)

Also, R = \/P2 +Q’ +2PQcos0
R =Q [using eq.(1)]

03. Ans: (b)
Sol: Since moment of F about point A is zero.
.. F passes through point A,
Y
R
] \‘J‘
3m # F, .
"""" [} SN
; ) 6m i )
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M! =180N—m
ME =90N-m
M} =

M, =F x3-F,x6=-90

60x3-6F, = -90
2
6

F,=45N

L F=[El+F} = /60> +45" =

04. Ans: (a)
Sol: dw
360 N/m
A
I N =:

wa = dex
0 0

16

1
~1

16 2
w= [90vxdx =90 ’1‘
0 —+1
2 0
21 3276 32
=90><§[x I° =60(16)

w=3840 N

75

The moment due to average force should be

equal to the variable force
R xd=Zdw x x

0s.

Sol:

06.

Sol:

16
3840xd = j 90+/x dx.x
0

15
-~ 9ojx1-5dx
0

25716
3840d=90{x }
25

0

= d=9.6m

Ans: (¢)
Moment about ‘O’
Mj = 100sin 60x3

=300x§ =150+3

=259.8 2260 N
Ans: (a)
100 N 150 N 25N 200 N
A B C D
[ >« »le »|
0.9m 1.2m 0.75m
Fr =2F,

Fgr = 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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Engineering Mechanics

Chapter- 2
Equilibrium of Force System

01. Ans: (d)
Sol:

Resolve the forces along the inclined
surface
2F,=0
Pcos45 —Wsin30 = 0
p— 300sin30
cos45

= P=212.13N

02. Ans: (a)
Sol: Tas

600N

Tap c0s60° = Tac cos30°

Tas = v/3 Tac
TAB sin60° + TAC sin30° = 600 N
3 1
ETAC +ETAC = 600

= TAB:520N; TAC:3OON

03. Ans: (¢)
Sol:

/ 200

Fgc

Fig: Free body diagram at ‘C’

For Equilibrium of Point ‘B’

F.s _ Fyc _ 200
sin(60+75) sin(60+45) sin(120)
Fc=223.07N
From Sine rule at “C”.

FCD _ FBC _ P

sin(75+45)  sin(60+75) sin105
p_ 223.07xsin105

sin135
P=304.71 N
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04. Ans: (d) For body, 2F, =0
Sol: T N-W+T=0
(;X\ =>N=W-T
B s
% T W-T
a »l
N "
B ¥ A
mg TRA
125 —— ¢ g
tanf = —— =0 =24.45°
275 2F, = 0 for entire system
TsinB = mg.
Tsin24.45 = (35x9.81) RA+T—-(W=-T)=0
T=8295N Ry=W-2T  woomee- (1)
Ry =Tco0s24.45=7554 N For equilibrium
Ry =0 ZMA =0
TxL=(W-T)a
05. Ans: (¢) TL=Wa-Ta
Sol: T 2T T TL +Ta = Wa
T T T T (L+a)=Wa
m - T= Wa
L+a
TH2T+T =mg T substitute in equation (1)
4T =m
g Ra= W— 2( Wa j
m=4T/g L+a
_ W(L+a)-2Wa
06. Ans: (b) L+a
Sol: a - _ WL +Wa-2Wa
T T L+a
_ WL-Wa
w Y L+a
B I AA W(L-a)
— L :I L+a
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07. Ans: (¢)
Sol:
P= 600 N RC =R
A C ;/ B
L 3 m N D J
I >
P=600N
RD =R
¢ 5m g
2F,=0

600 —Rc +Rp—600=0
= Rc=Rp=R

XM =0

600 x5=R x3
= R=1000N=Rc=Rp

08. Ans: (a)

Sol: F.B.D
\

Ran :;‘s 00N, B
|1
Rav 200 N 100 N

ZMAZO

Tan6=§
4

0=6343

TsinO x4 (O) -200 x2 (V) -100 x6 (L) =0
=T=2795N
Now, 2 F, =0,

Rayg —TcosO=0
Ran=125N
2F,=0
Rav —200-100 +Tsin 6 =0
=Rya=50N

09. Ans:400 N
Sol:

3m

2 =0
Ng—W=0
Ng =600 N
>Mp=0
Px3+Wx2 —Npx 4=0
4N, -2W
3

~ 4x600-2x600
3

P

P = 400N
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/o) Free body diagram for block (1)
Chapter- 3 N> W,
Friction F, <
! ! ————P
01. Ans: (¢) [P S—
Sol: The FBD of the above block shown
T N
I From FBD of block (2)
Wi 100 N &
F F, = Tcos0O
[N FBD of the block 5= %T =0.8T ------ (1)
SY =0 = N+T-W=0 XFy =0
N=W-T=981-T N, + Tsinb — W, =0
F=uN=0.2(981-1) Ny =W, — Tsin6
IX=0=100-F=0 N2=50-0.6T
F=100=0.2 (981 -T) But F>= N,
= T=481N = F,=0.3(50-0.6T)
F, =15-0.18 T ------ (2)
02. Ans: (¢) From (1) & (2)
Sol: Given Tan0 = 3 VST gy 0.18 T
4 A = 098T=15
sin O = 3/5 0 = T=1531IN
cos6 = 4/5 \\|3 - Ny=50-0.6T
. =50-0.6 (15.31)=40.81 N
Free body diagram for block (2)
F, = uN; =0.3x40.81= 12.24 N
L v|vz From FBD of block (1)
______ M 2Fy =0
Ni-No—W;=0
TFz N; =N, + W; =40.81 +200 =240.81 N
S Fi=uN; = F; =0.3 x240.81
F1=7224N
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>F,=0
P- F1 — F2 =0
P=F, +F,=7224+12.24
P=84.48 N
03. Ans: (b)
Sol: Free Body Diagram
10cm 20 cm
Fp

K
4

v NA
W=100 N
1
FA: HNA: —I\IA
3
1
FB = },lNB = _NB
3
>Mp=0

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

Np

_>P

—3000 + Nj x 20 +%NA><12=O

= Np=125N
YF, =0
Na—Np—100=0
= Np=25N
>Fx=0

P=F, +Fg = %(NA +N,)

W | —

(125 +25) = 50N

04. Ans: (d)
Sol: F.B.D of both the books are shown below.
A N2
vin g
N,
f < l
f, < 1 F

m g
where, f is the friction between the two
books.

f; is the friction between the lower book and
ground.

Now, maximum possible acceleration of

upper book.
amax e fmax E MmZ g — ng
m, m,

=0.3 x9.81 =2.943 m/s’
For slip to occur, acceleration (a;) of lower
book. i.e, a1 = Amax
F-f-f

L >2.943

m,

F-2943-03x2x9.812>2.943

[ f=1fnax =2.943 and
fi= px(m; +my) g=0.3 x2x9.81]

F>11.77TN
Fuin=11.77N
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05. Ans: (d) N; =600 N
Sol: Tan®= > = sind = % But, F1 = N1 = 0.4 <600
3 F1=240N
4~ SFy =0
cosf = — 4 x
3 P=F, +F, =240+ &80
FBD for bar AB (2) P=320N
~
B
10 m H 06. Ans: (a)
6 Sol: Given, W5 =200 N, np=0.2
4m m
W W =300N, ug=0.5
0
A F,
N 8 FBD for block ‘B’.
2 m |
FBD for block (1)
N2| |W1 ZFy =0
= Ng = WgcosO
P Ng = 300 cosf
Fwm
T ! But, F = uNg = 0.5 x 300 cosd
N
1 =150 cosB
Given W =280N, W;=400N 2F=0
Now, Mg =0 T+ WBSiIle —Fg=0
T= FB —WB sin®

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

=N, =200N

But, F, = uN, = 0.4 x200 =80 N

From FBD of block (1)

SF, =0

Ni—N,— W, =0

Ni=N,+ W,
=200 +400

T =150 cosO —300 sin0 ------ (D)

FBD for block ‘A’
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>F,=0
Y But, F=uN = 025[500 Pj
Na —Wacos0 =0 \/_ \/_
Na =200 cosf >F,=0
Fa=uNa =0.2 x 200 cosf Pcos45 + F — Wsin45 =0
But, FAo =40 cos Pcos45+025(ﬂ+ij SOOXL—O
V22 V2
2F,=0
T+ Fa —Wasin6 =0 = P=300N
T= WAsine — FA
) 08. Ans: (a)
T =200 sin® — 40cosO
Sol: FBD of block W
But from equation (1
1 0q 0 ;0)0 0 e,
T =150 cosO — sin
150c0s0 — 300sin0 = 200sin® — 40cosO 8
.. 150c0s0 — 51r.1 = sin® — 40cos SF. = 0 F,
190 cosO = 500 sin® N, _F; =0 o
o= 190
tan 500 =>Ny=F; (. Fi=uNy)
F
= 0=20.8° No=uN; 1 N
SF, =0 1
07. Ans: (d) Ni+F-W=0
Sol: FBD for the block N; +uN, -W =0
N1 +M2N1 -W=0 ( Nz = MN])
N (14+p%) =W
W
N1 = 2
I+
. Ny = MWZ
Y 45° I+p
Couple=(F;+Fy) xr
SF,= 0 ple=(F1+F)
. . = pur (N; +N>)
N — Wsin45 —Psin45 =0 W (1 )
I +
N_500 P =% Cp=1
NG
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09. Ans: 64 N-m
Sol: FBD of shoe bar :

L 800 N
I” "1
1000N 480
AY I‘—’I B
o |——m——» HB
T
l100
FC 4—\]C— VB

>Mp=0
Ve x 480 + Fe x 100-1000 x 800 =0
Fc=pnVe=0.2 V¢

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

Ve=1600 N

Fc=0.2 Ve =0.2x1600 =320 N

M = 0.2xF¢ = 0.2x320 = 64 N-m

10. Ans: (a)
Sol: (=260
cosf = —
= 0=60
B =360-20
4n
=240= —
b 3
200 +20 =180
200 =180 - 120
a=30="
6

FBD '

W =1000 P
(When W moves upwards)
For P, calculation,
W>T,
N
Tl
T, = 1201() =846.48 N
£
NELINT
T2
T, = 8418':}18 =223.12N
Sy
TZ — epa
Pmin
~p. - 22?.1[12
eEXE

Pmin=188.86 N~ 189 N
For P...x calculation
T g

Y
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1 From FBD (1)
T,=1000xe™ ¢
SF, =0
T,=1181.36 N
N> —W; cosb =0
T2 up
T =¢ N, =W, cosO = Wx0.8
1 - N;=0.8 W
T=1181.36xe™ 3 =4481.65N ~F=puN,=02x0.8 W
P F220.16W
max zeua
T, YF, =0

T] - WzSil’le — Fz =0
Ty =F,+ W5sin0 =0.16 W +0.6 W

Il =n
Vel
m 6

Prax =4481.68 x e
Prax =5300 N

T,=0.76 W
11. Ans: (b) From FBD (2)
Sol: Given n=0.2, tan0= % 2F,=0
A N, +W; cosb = N,
= cos 0 = = N; =N, +W; cos0
0.3 Ny = 0.8W + 1000 x =
sinf = = 5

N;=0.8 W + 800

Fi = uN; =0.2 ( 0.8 W+800)
=0.16 W +160

T, =T =076 W ">"

T,=142W

SF =0

T, +F; +F,=W, sin0

1.42W+0.16 W+160+0.16W = 1000 x %

1.74 W =440
= W=25287N

Fig: FBD (2)
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Sol:

13.

Sol:

~
“d
o
A
W
__hd

Eng.nﬁn?l]:?‘ubhmm :12: ME - GATE _ Vol - I _ Solutions
Ans: (d) 14. Ans: (b)
N \ Sol:
HR uR \T ITz
V T, U
R — — R P+ —
| _AI—>F Q
l 2000 N
N 5 1
e Fig: FBD (1) 200
At equilibrium Fig: FBD (2) Fig: FBD 3)
2uR =2000
F FBD (3
—Rr=2%_ 16000 Wy R
2x0.1 ZF, =0
Taking moment about pin T, =200=0
10,000x150 = Fx300 = T, =200
= F=5000N
From FBD (2)
Ans: (b) T
1x9.81=9.81N L
0.3xZ
Ti=Ty e =200xe 2
08N M T,=320.39N
7 W
. From FBD (1)
N Fy, =0
XY =0 N-W=0
=N=981N N=1000 N
Fo=puN=0.1x9.81 =0.98 N F=upN
The External force applied = 0.8 N < F =0.3 x 1000
F=300N

= Frictional force = External applied
force=0.8 N

2F=0,Ti+F-P=0

320.39 + 300 =P

= P=620.39
=P=6204N
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:>C1 =0
2.V =6t
Chapter- 4 V =9t
Kinematics of Particle Rectilinear ds
and Curvilinear Motion But V= dai ot
[ds=[ot” dt
01. Ans: (d) 5
S=3t"+C
Sol: x =2t> +1% + 2t 2
d At, t=2sec, S=30m
X
V=E=6t2+2t+2 =30=32)+C,
=> Cz =6
a= dv =12t+2
dt S.S=3C+6
Att=0=>V=2anda=2 Att=3 sec
S=33)+6
02. Ans: (a) S=87m
Sol: V =kx’—4x*+ 6x
Varx=2itk=1= 2= 42)°+ 6(2) = 4 04. Ans: (a)
. ] _ _2
azd—v=k.3x2d—x— Xd_x+ dx Sol: Given A =-8S
dt2 dt dt dt jd_V_d_zsz_ o,
a=3x"(V)-8x(V) +6(V) dt  dt?
_ 2
= 3(2)x4 ~(8x2x4)+6(4) We know that, J.Vdv = .[ads
=8 m/s>
2
V7= — 8% ds
03. Ans: (d)
: vV 8
Sol: Given, a=6JV —=—+C,
2 S
(L—V:6\/V Given, at S =4m, V =2 m/sec
t 5
.[d_V:J-6dt :7:_+C1
Jv
:>C1 =0
2JV =6t+C, )
Ve 8
Given, at t=2sec, V=236 7=§
= 2436 =6(2) + C;
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4 4 3
V=5 jdx:j(%—zucljdt
ds 4
—=— 4¢* t*
X = -2.—+Ct+C
at s 3x4 2 007
= [Vsds=[4dt o
2
x=—-t"+Ct+C,
2 3/2
V2 =4t
3 +G Given condition,
Att=1,S=4 Att=0, x=-2m
=-2=C
=N 3(4)3/2 = 4(1)+C, :
3 Att=2,x=-20m
16 4 4
=Co= F 4= :>_20=2?—22+4(2)+(—2)
s3/2—4‘[+C2 :>C1=—_29
3
3233/2—4”% . o Eal
Att=2sec
) 4 Soatt=4sec
=87 =4(2)+— 44 9
3 X= 422 (4)=2
= $=5808m > X
s g =28.67m
= —=—— =-0.237 m/sec’
s 5.808
06. Ans: (b)
05. Ans: (c) Sol:
Sol: Given.a=4t>—2 uy =20 m/sec up = 60 m/sec
’ ax =5 m/sec’ ag = —3 m/sec’
N4 o O O O
dt PLA” Pt “B” A&B
dv = (4-2) dt ) ~ Se i
3 Sa
v= 4%—2”(:1
dx 4¢3 Let Sa be the distance traveled by “A”
a3 2t+C, Let Sg be the distance traveled by “B”
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Sa= Sg +384 08. Ans: (¢)
1 1 Sol:
uAt+5aAt2 =uBt+§aBt2 +384 t O Tu-o
1 1 .
20t +—5t* = 60t ——3t> + 384
2 2 h=36
46— 40t —384 =0
X2
t=16sec (or) t=-6sec
@Iu2= 18 m/sec
. t=16sec M orerd
07. Ans: (b) Let at distance of “x;’ ball (1) crossed ball (2)
Sol: Take,y=x"—4x + 100 Xyt x2=36

Initial velocity, Vo= 4i— 163 1 1
x;=0(t) +—gt* (.s=ut+—at’)
If V4 is constant 2 2

Vy,ayatx=16m x1=lgt2 ________ (1)
VX_le_ %—4 1
Xy = 18(t)—5gt2
vy
dt dt  dt ("."a=—g moving upward)
(Vy) =2x (4) - 4(4) X1+ x5 = 36
Vy=8x - 16 ' {
2 2 _
(Vy)arx-16 = 8 (16) ~16 = 112 m/sec = 8t +I8t=oet” =36
a,= Y 4oy —av) = 18t=36
dt dt
=t=2sec
("." Vx = constant) 1
S Xp = —(9.81).27
=2V, ‘;—’t‘ =2V, Vy 2
=19.62 m (from the top)
_ 2
ay = 2V, X, = 36— 19.62
_ 2 _ 2
(ay) x=16 = 2x4"= 32 m/sec = 16.38 m (from the bottom)
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09. Ans: (b)
Vi =V cos30 = 100x£= 86.6 m/sec
Sol: u=0 2
¢ 1
t=5sec Vy =V sin30 = 100x — = 50 m/sec
V=u+at 2
V=0+9381( V = u+at
©) I | y= Voyt+layt2
V =49.05 m/sec sl 2
—60 =50t +1(—20)t2
V = velocity with which stone strike the 2
glass 10t* — 50t — 60 =0
Velocity loss = 20% of V t=6 (or) —1sec
49, 2 t=
_ D05 0=9.81m/sec 0 Se6
100 1
o ) ) X = V0t+—axt2
.. Initial velocity for further movement in 2
glass =49.05 — 9.81 =39.24 m/sec X = (86.6 X 6) + l(—4)62
Distance traveled for 1 sec of time is given 2
by X =447.6 m =~ 448 m
S= ut+Lat’
2 11. Ans: (a)

S= 39.24(1)+%(9.81)(l)2

S=44.145m

10.
Sol:

Ans: (a)

2
ay = —4 m/sec”,

ay =20 m/sec’

Sol: Given, V =20 m/sec
x=20m,y=8.0m

y
V\
v,
I > X
Vy=Vcosd , V,=Vsin

x= V.t +%at2 (" a=0 along x direction )

X =VcosO t
20 =20 cos6t
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. ) Vix= 100"
cosO Vo =0 =100+ 10t — 2= 0
Y=Vl (t-10)(t+5) =0
g t=10 sec
8.0 = Vsin 0t ——gt” Vacatt=10 = Vay = 100 — 10*?
2 = 68.37 m/sec
8.0 = 20sin0x—— — Logix| ) V?
U= 2USINEX I _EX O lx c0sO Radius of curvature, r= —

aN
— 2

8 =20 tanO — 4.9 sec’® dvy

8 =20tan0 — 4.9 (1+ tan’ ) Where ay = a, = -

49 tan2 9 —20 tane +129 = 0 att=10sec

= (10 —4t)
tand, = 3.28, tan0, = 0.803 (1040, )
ay = —30 m/sec
61 =73.04 ) 62 =38.76 Vz 68 372
r=—2*=—"""=1558m
12.  Ans: (d) ay RV
Sol: Range = maximum height
V,sin20  V;sin’ 0 .
g 2 Sol:
c 2
sin20 = 20 J

=2
=> 2sin0 cosO = sin” 0

= tan0 =4
5. 0 =tan '(4) =76°

Given, v = 100 m/sec

_ 0

13. Ans: (a) Vix = vcos60
Sol: =100x1/2
vix = 50 m/sec

Viy = v sin60

V3

= 100x —
2

viy = 86.6 m/sec

le
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Voy = Viy—gt  (use V = utat)

=86.6 —9.8(1) Chapter- 5
vay = 76.8 m/sec Kinematics of Rigid Bodies Fixed Axis
Rotation and General Plane Motion

Vox = Vix = 50 m/sec

Vatt=1 = ﬂV;X +V§y 01 A ( )
. ns: (a
= /50* +76.8° Sol:

=91.6m/sec.
v, 76.8
o = tan™ (V_J = Tan™ (?j
X V=2 m/sec
o=56.9
an = gcosa = 9.81xc0s56.9
= 5.35m/sec’
r=V—2=91'62 =1568.62 m _3
ay 535 )= =
0 =Tan™ 3/4 = 36.6°
15.  Ans: (d) ay = ar cosf — ay sind
Sol: Vay Note: Velocity will always act in the

tangential direction

Vi = Vsind
V=50 m/sec 5
V=— =3.33 m/sec
sin36.6
g V333
- r 10

an = 1.111 m/sec?
ay = ar cosf—ay sind
4 =arcos36.6 —1.111sin36.6

Vix =V cos30=43.3 m/sec

aN=g=2a , = ar=15.83 m/sec?
r=£=43'3 =191.13 m ar =ra,
ay 9.81 .
o= Ar _ 285 _ 0.583 rad/sec?
r 10
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02. Ans: (¢) 04. Ans: (d)

Sol: Given o =44/t Sol: Given angular acceleration, o = 7 rad/sec’
0 = 2 radians at t = 1sec Angular displacement in time t; and t,
0=20="7att=23sec =nrad = 0,0,

oy = 271 rad/sec
@zﬁzjdezjmdt ©
dt oq="7?
0 = J4+/tdt ®’ — o2 =208,
0= §t3/2+c...(1) o, —o; =200,
: o —1 0= 0% —o’ =200, -9,)
From given condition, att =1, 8 = 2rad 2 tl 27 Y1
2 N
(H)=2= %(1)”%01 S =T2 N, N
o, =21’
. — 8 3/2 2
0=3t 3 o4 =72
— A 8 32 2
Att=3sec,0 5(3) 3 05. Ans: (c)
0,5 = 13.18rad Sol: Given retardation
_ 22
:d_(x)_d(4\/¥)_i o =-3t
dt dt Wt o _ 4
5 dt
_ _ 2
at:3—ﬁ—l.15rad/sec Idco =j—3t2dt
o=-t+c
03. Ans: (b) . o
s From given condition at t =0,
Sol: r=2cm, ®=3rad/sec, a=30cm/s

ax =10’ = 2(3)* = 18 cm/sec?
Since total acceleration a= \/a; +aj,
—=a’=al+a’
30° =a> +18°
ar =24 cm/sec’
ar =ra =24

o= 2—24 = 12rad/sec’

o = 27 rad/sec

27 =-0'+c;
=c =27
o=t +27
Wheel stops at ® =0,
=0=-t+27
= t=3sec
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06. Ans: (¢)
Sol: angular speed, ® = 5 rev/sec
= 5x2m rad/sec
o = 107 rad/sec
Radius, r=0.1m
If ® is constant, dw =0

= o.=0= ar=0 (since ar = ra)

Since ar =0
_ 2 2
a=.ay+a;
2
vi (ro) 2
a=ay= — = =rm
r r

=0.1x(10n)* = 107* m/sec’

07. Ans: a =40m/s>

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

The resultant acceleration

a=,/a§ +a12\]
=+/24% +322 =40m/s?

08. Ans: (b)
Sol:

Va=12 m7sec

I, ,=2m
4= 2+r0lB
I,y =2m

1

. Vp= I, 5 X® = 2x6
Vg =12 m/sec
09. Ans: (a)
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)

o B 777
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Va=1m/s ‘I’ is the instantaneous centre.
V. = along vertical From sine rule
V,, = along horizontal PQ IQ IP
So instantaneous center of V, and V}, will be sin45 sin70 sin65
perpendicular to A and B respectively 1P _ sin 65°
IQ sin70°
IA=OB=IxcosH=1xcos600=lm Vo =1Qxo=1
2
Vo
\/g > 0=—
IB:OAzlxsiné?:lxsin60°=7m IQ
1P sin 65°
= V, =IPxo=—xV, = X
Vo = 0xIA g IQ ° sin70°
= ow=—"=2rad/sec =0.9645
11. Ans: (d)

Sol: 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.

| ACE Engineering Publications /Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[ )
[> )
L N
W w
Y W
L d

Eng.nﬁn?l]:?‘ubhmm 122 ME - GATE _ Vol - I _ Solutions

[

02. Ans: (b)

Chapter- 6 Sol: u=0, v=1.828m/sec, S=1.825m,
Kinetics of Particle and Rigid Bodies

2 2
v —u" =2as

1.828% -0 =2a x 1.828

01. Ans: (a) 1.828
a = —
Sol: 2
a=0.914 m/sec’
Direction of | ’ T  Direction
motion Direction of , motion
1 \Direction of TggxalToroe v W T
W motion (E] s l
g
W[Eja W+Q W
g
For equilibrium, XF, = 0
For the left cord, W
T=W+|—|a
SF, =0 g
T=| WY asw. . ) — 4448+ %48 0,194
g 9.81
For the right cord T =4862.42N
SF, =0
03. Ans: (a)
W+
T+( QJa:(W+Q)...(2) Sol:
g Py
From (1) & (2) W‘ P

N

[E]a—i—W =W+Q—(W+Qja l

g g
(Eja+W=W+Q—[EJa—[gJa F N
g g g 3
tan = =
_Qa_2Wa "
g g 0=tan '(3/4)=36.86
Q(g—aj:2Wa:>Q: 2Wa (., )x=ma
g g g-a
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P_F w From static equilibrium condition
«F=|—1a
g ZFy =0
W N-W=0
Pcos36.86—F = (—Ja N = W = 44 48N
o .
0.8P _ F (2224 j (O. Zg) From dynamic equilibrium condition
g YFy=0
0.8P —F =444.8 F=ma
0.8P-F=4448 +F W
uN = —a
P=556+1.25F ...... (1) g
2F,=0 a
“ —_—
N+P,—~W =0 g
N=W—Py(sinceu=£) a=pg ..(l)
N Since v>— u’ = 2as
F=pN 0 — (9.126)* = 2(~a) x 13.689
F=pn(W-Py) a=3.042 ....(2)
=0.2(2224 — P sin 36.86) From (1) & (2)
F=4448—-0.12P .....(2) 3.042 = n(9.81)
From (1) & (2) = pn=0.31
P =556+1.25(444.8 — 0.12P)
P =966.95 Sol:
P=967N
04. Ans: (d)
Sol:
W
TUu0026mls —eV=()
o | |
. i
< 5 >
N
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2Fy, = 0 (static equilibrium) Ta=2Ts (D)
N - Wcosd =0 Work done by A & B equal
N = Wcos0 = mgcos0 TaSa=TsSs
Since F = uN = p mgcos6....(1) 2TpSA=Tg Sg
>Fy = 0 (Dynamic equilibrium) 254 =Sg
F+ma — Wsin0 =0 2a5 = ap .(2)
F = —ma+mgsin® For ‘B’ body
F = mgsinf-ma...(2) Tp=mpap+mpg  ...03)
From (1) & (2) For “A’ body
pumg cosd = mgsind — ma Ta=mag-mpax  ....(4)
=>a = gsin® — ugcosO (2), 3) & (4) sub in (1)
= a = gcosO(tand — ) my g —Mmaas = 2(mp(2as) + mp g)
Given PQ =s mpg—mpaa =4mpa+2mpg
S =ut+lat2 mpap+4mpay =mag—2mpg
2 ax = aB=2M;8
s=0(1:)+lat2 N m, +4m,
2 a _ 150-2(50)
o =5
\/gcose(tane—p) 10 10
270 _ 0y 4
06. Ans: (a) I5+20 35
Sob: ssisssssiiiins » o)
Sol: ps=04; px=0.2
FBD of the block
FV =200 N
L—»P =10t

T‘F
N
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W.r.t free body diagram of the block:
Fs=usN;
Fx = pxkN
2F,=0
N-W=0
N=W=200N
Limiting friction or static friction

(Fs) = 0.4x200= 80 N
Kinetic Friction

(Fk)=0.2 x200=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=80

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—FK)zmxﬁ:s (10t — 40) = 200 dv
dt 9.81 dt

10

j(lOt—40)dt—ﬂjd

8

[st> —40t]’ =20.387xV = (180-80) = 20.387xV
Velocity (V) =4.905 m/s

08. Ans: 1.198 m/s>
Sol:

FBD of the crate

! W=100x9.81=98IN

W .r.t. FBD of the crate:

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

2FEFy=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
_ 119488 =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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\ E M = la
\! ™ M =29.43 x 3 = 88.29N-m
F 2 2
I=1, +Ad’ L NS LL MRS
W,=Wsin 4i0/" 12
- =16+27 = 43kg—m’
50
. W, = cos 45" ZMZM:ZOSZS rad /s’
& W=mg = 98.IN [ 43
2Fy=0 11. Ans: (d)
N-Wy=0 Sol: ] L |
N=Wy=69.367N ) A L
, ma \
F=ugN=0.5 x69.367 =34.683N | + ) |
> Fx =0 (Dynamic Equilibrium T W
, Va 4—>|
D Alembert principle) L/2
Wx—F-ma=0 2Fy =0
69.367 —34.683 — 10xa=10 Vatma=W
a=3.468m/s’ Va=m(g=a)...(1)
L
S=ut+%at2 Where, a = S
" t is unknown we can not use this equation L J*
So use V>-u’ = 2as L (mL’ (sz
Wx— = +m| —| |o
V =20m/s*; u=0; a=3.468m/s’ 2 12 2
V* =2as L 4ml 2a
2 S TR T
2
S=o = 20" _5767m \
a  2x3.468 302
4
10. Ans: 2.053 rad/s’ from (1) & (2)
Sol: | ~ | VAZm(g—%gj :%
| 3m Va= v
YW =3x9.81 =29.43N 4
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12. Ans: (d) 14. Ans: (a)
Sol: I=5kg.m’ Sol: -

R =025m Thread

F =8N

mr2

Mass moment of inertia, I, = I, =

M=1Ia

8x0.25 = 5xa

a=04

o— 0)02 =200

©’—0? =2(0.4)xt  (since for half
revolution 6 = 1)

o = 1.58 rad/sec

13. Ans: 4.6 seconds

Sol: M=60N-m
L= 21’1’1, 0o — 0,
20027
o=200rpm= ———
P 60
o =2094 24
sec
Moment, M = la.
2
60="L ¢
2
60=20%2" 4
12
o, = 4.5rad/sec’
o = motoat
20.94 = 4.5t

= t=4.65sec

a = linear acceleration,
k = radius of gyration

For vertical translation motion

For rotational motion

Txr=Ia

Tr=mk®a = mk’x2

2

gr’

Xxa=ma = a=
r’ (k2 +12)

mg—
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4.448 4448 +262.132
——xu, = x2.83
9.81 9.81
e Clll)aPte}"l7 N = u, = 169.6 m/sec
Work-Energy Principle aI}d mpuise u; & u; = Initial velocity of shell and block
Momentum Equation
respectively
V, & V; = Final velocity of block & shell
01. Ans: (a)
Sol: 02. Ans: (b)
[1/0 177
Y Sol:
30° L Lcos30° t
L=3.048m + ¥
(/, ,/’
N L-Lcos30°
W, =
D 262.132N [ 77T
IR, ;
=9 ' "
up = ! :____:__"::I:S FocS S
F=KS
The loss of KE of shell converted to do the
work in lifting the sand box and shell to a Strain energy in spring = Area under the
height of “L — Lcos30°” force displacement curve.
ie., WdzlmV2 ZlFxs Zl(ks)xs = Ly
2 2 2 2
Where d =L — Lcos30 lksz _ Gainof KE
=3.048 — 3.048%c0s30 = 0.41 m 2
1 1
266.58x0.41= 1| 200981 42 Skst=omy?
2\ 9.81
2 2
=V =2.83 m/sec :>V2:ki:kig
Where V is the velocity of block & shell m W
By momentum equation w g
mpu; + mpup; = m;vy + mpvsa
WhereV1=V2=V&u1=?,u2=0

| ACE Engineering Publications /Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[ )

:E z‘:Englne%n(g:lEubhanons 129 Engineering Mechanics
03. Ans: (a) 17 s
Sol: Given, m =2 kg B !(4)( X )dX
Position at any time is given as ) I
X =t+5t+2¢ =4 2| gl X
2 3
Att=0,x=0, 0
Att=3sec, = [2X2 —XS]LJ
x=3+5(3%) +2(3") = 102m = 2(1.77— (1.7 = 0.867]
Velocity, V = dx _ 1+10t + 6t°
dt 06. Ans: (c)
Initial velocity i.e., t=0, isvi=1m/s AW = wdx
Final velocity i.e., at t= 3sec, —*
is vi=1+10(3) + 6(3)* = 85m/s e o« b
Work done = change in KE .
= lmv? ——mv;
2 2
L-b
- %xz(ss2 —1?) =72241
Where w = weight per unit meter
04. Ans: (a) ) .
Sol: Given Fo o dw = a small work done in moving small
: r =
0 tven foree © elemental “dx” of chain through a d/s “x”
Work done = f Fdx Work done = change in KE
B ¢ 1{ wL
1.5 oy L5 (J.dwXXJ+(W(L_b)Xb):§(_jV2
= [e™ax=| = = 0317 0 s
02 2 oo ‘ 1 wLv®
dex.x +w(L-b)b= 5
0
05. Ans: (b
®) ) wb’ 1 wLv?
Sol: F =4x-3x + W(L_b)b = 5 -
Potential Energy at x = 1.7 = work required
. wb? 1 wLv’
to move object from 0 to 1.7m +wLb—wb® = 5
g
1.7
PE = | Fdx 2 2
_! wlb— wb” 1 wLv

2 2 g
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of L b 1 Lv? 08. Ans: (b)
2) 2 g Sol: Given, m; =3 kg, my=6kg
b Velocities before impact
vi=2gb|1-—
2L U.1:41’Il/S, u; =-1m/s
5 Velocities after impact
V:],gb(z_fj V1:0m/S, V2:?
From momentum equation
miu; + mpup; = mvy + mpva
07. Ans: (d)
Sol 3(4) +6(=1) =3(0) + 6(v2)
ol:
W, =10N W, =20N = 6=06v;
V) = 40m/s V, = 10m/s AR
Coefficient of restitution, e = Y2~V
u, —u,

m; = 1kg , m, = 2kg ,(since g = 10m/sec’) o= 1.0 _1

Velocities before impact | 2

vi =40 m/sec, vo» = —10m/s

Velocities after impact 09.  Ans: ()

u; = ? Uy = ? Sol:

Coefficient of restitution e = 0.6

From momentum equation R v

m;v;+mp vp = mjpu;+tmpus =
= 1(40) +2(-10) = 1(uy) + 2(up)
=S> Wwt2u=20. i, (1)
L Pl T relative velocity of Seperation KE = % V2+l o’
v, —v, relativevelocityof approach
06 U2U Where, 0 = —
40— (-10)
_ 1 2 2 oo
= W =30, @) = gm((zR) +R?)= ZmR
From 1 & 2

u; =-13.33 m/sec
u, = 16.66 m/sec
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By conservation of linear momentum ,we get
I1x10 = (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
Ix10x1 = Icmw+21><12—(i><1

[Angular momentum about any axis passing
through A be

L,=L, +mFxV,,)]

can written  as,

= o = 0 rad/sec

ZﬁEEngne%ngl:’Eubhmons :31: Engineering Mechanics
2 Method 11 :
KE = L mv? +l(5mR2](lj , :
2 7R Applying angular momentum conservation
1 5 V2 about an axis passing through centre of
— 2 2
- EmV +ZmR “IR? wheel and perpendicular to the plane of
1 .5 paper.
= -—mV’+—mV’ o
2 16 . 0=Imo
2 = o = 0 rad/sec
KE = 13mV
16
11. Ans: (a)
10. Ans: (a) Sol: | (m+M) g
Sol: ¢
------ >
(m+M) a
‘Fd | N

m; =m — mass of bullet
my = M — mass of block
u; = V — bullet initial velocity
uz = 0 — block initial velocity
vi = v = v —>velocity of bullet and block
after impact.
Fq=uN

(M+m)a = p(M+m)g

= a=Hg
From momentum equation
miu; + mpup; = mpvy; + mpvp
mV + m(0) = (m + M)V

mV
m+M

V=

2 2
Now from v°—u” = 2as

B mV
m+M

2
j =2ugs
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m+M
V= A 2pgs
m He 0]
Chapter- 8
12. Ans: (a) Virtual Work
Sol: K = 10.6kN/m
01.
A=2224N —WWWW—— B =133.44N Sol:
ok 25kN 25kN
0.3m
= = A
ua=0, ug=0 /% 2m 2m D 3m %B
From momentum equation
MAUA+MRUE = MAVA+MEVE Let Ry & Rp be the reactions at support A
0=222.4VA+133.44Vp. ..ccovoi (1) & B respectively.
1
Eks2 = Em R EmBVBZ Let 0, displacement be given to the beam at
. | 133 44 B without giving displacement at ‘A’
10.6x10°x0.15° =="2"2y2 + =Ty
9.81 9.81
............. (2)
From 1 & 2
VA:—1.98 m/s, VB:3.3 m/s A
The corresponding displacement at C & D
are %Sy andgéiy
By virtual work principle,
2 4
RA><O—25><73y -25 ><78y +Ry x5, =0
—-150
:{ - + R jéy =0
Since &y #0, RB—gzo
RB = @kN
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Now let us give virtual displacement at A as

Sy,
Therefore corresponding displacement at C
& D are %SY &%8'y
%
! 378,
AL | B
g, 2m ¢ om D 3m T

.. By virtual work principle,

Ra XS'YZSX% 5'y—25><% 8'y+Rpx0=0

125 75\
R, ————18,=0
(“‘ 7 7jy

2
s'y;ﬁo,RA—ﬂ:o
7
RA = @ kN
7
02.
Ans: 25kN gk
4m \ 2m 2m\
A C T g D
Ra Rg

Let the virtual displacement at D as &y, then
corresponding  displacement at different
point as shown below (Assume no

displacement at A).

By virtual work principle,
RAxOZSx% Oy tRpx g 8y—35%x0y =0

3R,

25
=58, += 28, ~358, =0

%RB = 35+2—25 (since 6 ,#0)

Ry = 190
3

Now, Let the virgual displacement at A as

D
2m B
NE S'y
6
The corresponding displacement at C & D

are %8; and %8;

Now by virtual work principle,

RAXS;—25x%8;+RBxO+35x§8'y =0

Since 8; #0,
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i :‘:Engnegngpubhmom : 34 : ME - GATE _ Vol - I _ Solutions
HE =3P
Chapter- 9 2F,=0
Analysis of Trusses Reg +Rp=0
ZMF =0
01. Ans: (b) Px2a+2Pxa+Rgxa=0
Sol: At joint Rg =—4 P (downward)
Fep Rr = 4P (upward)
| v
F 60°0\!
LAD »Fap Er
Fep
Fpr
1000 2F=0
2F,=0 P—Fp=0
FCD sin60 = 1000 P= FCD
Frr = 1000 (Positive indicate CD in tension)
CD = —
sin 60
Fep=1154 N 03. Ans: (d)
Sol: w8
02. Ans: (d) " A
Sol: a
— N
P > B h
P N
~ a Ay h [T h U Q
Ql [ 60k 30 kN
> R,

N
Hp «—E F
I ]
Re R;

2F=0
= Hg-P-2P=0

Taking moments about point ‘P’
Rq *3h —30 x2h —60xh= 0
Rqo*x3h=120h

Rq =40 kN

. Rp+Ro =60+ 30
Rp=90-40
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Sem—

L3
<

Rp =50 kN 04. Ans: (b)
At joint ‘P’ Fp Sol: F
2Fy=0 45

_ . o F
R, = Fprsing5 o PQsinds | PRsin30

R |
Fpr = — Z 5 Re |
Sin PQ “«-3--NpR
50 PQcos45 PRcos30
1/42

Force in member PQ considering joint P
PQ cos45 = PR cos30
PQ=1.224 PR
PQ sin45 + PR sin30 = F
FPT = FPR cos45
. 1.224PR x0.707 + 0.5PR =F
Fpr = 5042 T PR =0.732 F

Now, considering joint R

Fpr = 504/2 (compression)

2F=0

Fpr =50 kN (Tension)
""""" * PR cos30

R__ Fgs i
FSU i
PRsin30 QR
T h lT h U
Rp 60 30kN QR =PR co0s30 = 0.732F x cos 30
= 0.63F (Tensile)
>M,=0
05. Ans: (a)

Frs  h (O) + 60 x h (O) — Rp x 2h(L) = 0

Sol: > F, =0=R, +R, =PxL
Frs xh+60h-100h=0

Frsh=40h ZMB:0:>RA><3L:PL><37L
Frs =40 kN (Compression

RS ( p ) PL PL

ZFy =0 ZRam e Remy

FSU + Rp -60=0
Fsy +50-60-30=0
Fsy =40 kN (Tension)

FBD at Point A:

2F, =0
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=T, sin45=R P F,. = x sin 90 = 22.36kN
AP ) Tae ¢ sin26.56 '
PL 0
jt TA = — 45
V2 A T | 07 Ans:(@)
R Sol: F, =9KN 4 F, =3KN
B 3m B 3m N
— « N
PL \ R
ZFXZO:TACZTAECOS‘B:_ Py o Q
2 \\ 9& 3
. E
FBD at Point C: '/ F, V,
X 2m
>'E, =0 1 Tec \
= Tec=0 ) C _ ,
<+— —>- S \‘ T N
LT T . ﬁg}
TAC = TCD = 7 & P '|< ISm* \ 3m 1.5m =I

06. Ans:20KkN
Sol:

1m

0.5m
10kN

tan @ = % — 6 =tan"’ (%) =26.56"

From the Lami’s triangle

10 3 Fac 3 F.s
sin26.56°  sin90°  sin 63.44°
Fy =0 in63.44 = 20kN

sin 26.56

YF,=0

V) +V, —9+3 =0

>Mp=0

=Vix15+3x3-9x6=0

=V, =30kN (D
Vo=-30+9-3=-24kN{)

Adopting method of sections—section x-Xx

adopted and RHS taken
f=tan"" [QJ =53.13°
1.5

2F,; = 0 (W.r.t. RHS of the section x-x)
Vi+F,-V-F,=0
= Fsin 53.13 = 30+3-24
F =11.25 kN (Tension)
..Force in member
QS =11.25 kN (Tension)
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08. Ans: (¢) 09. Ans: (¢)
Sol: Sol: 5kN
r— RVA } m
A C P " Rie YB 3m D 3m lE
o - OB I SKN
¥ v T RVB =0
Fow )
2W 4W
_ W Ry= 2
Ra= 3 T3 SMa=0
w o 5%3 (U) +5 %6 (V) — Ry ¥ 3 =0
15+30=Ryxx3
45
flll]— o
T Fep Ry = 15 kN
Ry=2W/3 W 2Fx=0
. Ryat+Ryp =
ZMB _ O HA HB 0
W xh (O) =Wxh (O) —W(2h)(O) +R4x3h(V) = 0 e
* Rya =—15 kN

Wh —-Wh -2Wh +3hR, =0
3hRA =2Wh

R:_
AT T3

RA +RB =2W
Rp = 2W—2—W _ 4w
3 3
2F, =0 ( at the joint C)
Fcrsind5 — W+ Ry =0

FCF sin45 - W +ZTW =

Fox LW
L3

W+ 2
= Fer=——

(Negative indicate Ry is left side)
At joint ‘B’

RHB

2F.=0
Fgp =15 kN
YF, =0
Fag=0
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