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Instructions to the Students

1. Each question carries 12 marks.
2. Attempt any five questions of the following.
3. lllustrate your answers with neat sketches, diagram etc., wherever necessary.
4. If some part or parameter is noticed to be missing, you may appropriately
assume it and should mention it clearly
(Marks)

Q.1. A) How will you add two forces? Explain the Parallelogram Law and Law
of Triangle of forces. (6)

2.3 ADDITION OF TWO FORCES: PARALLELOGRAM LAW

Before discussing the parallelogram law, let us clarify the concept of equal
forces and equivalent forces.

Two forces are said to be equal if they have the same magnitude and
direction even if their points of application are not the same.

Two forces are said to be equivalent if (in some sense) they produce t}xe
some effect on a rigid body. To clarify the point let us_consider two 25 paise
coins and one 50 paise coin. They are not equal in size, shape and weight

yet are equivalent in their buying capacity. Int_erestlpgly, they are ‘X)llot
equivalent in their capacity to operate a 50 paise coin operated public
telephone. Equivalence is thus based on some specific effect. -

Most of the time in mechanics, we are concerned with the forces having
an equivalent effect on a rigid body rather than the ('equal. forces. The
resultant of two forces (or their sum) acting on a body, in this sense, is a

equivalent force ‘ .
Parallelogram Law. It was mentioned earlier that two forces add
according to the parallelogram law. This law can be stated as “If two force

i d
* Vector quantities have not been distinguished by bold faced letter in the solve
examples of this book.
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acting at a point are represented in
magnitude and direction by the adjacent
sidesof @ parallelogram then the diagonal

sing through their point of intersection
represents the resultant in both
magnitude and direction.”

The sum of the two forces P and Q
acting at the point 4, with the included
angle H( can be obtained by constructing
a parallelogram such that the forces P
and Q represent the two adjacent sides
of the paralielogram as shown in Fig. 2.2.

The diagonal that passes through the point A represents the sum or the
resultant R of the forces P and Q

R=P+Q .(2.1)

" The sum or the resultant of P and Q is independent of the order in which
they are added.

Fig. 2.2

P+Q=Q+P .(2.2)

Law of Triangle of Forces. Instead of constructing the parallelogram
the sum of the resultant of the two forces can be determined by the triangle
law. '

bt

0 4 R:P+Q =Q+P

P

(@ (b) © '

rig. 2.3
th'hlf can be stated as “If two forces acting at a point are represented by
el sides of q triangle taken in order, then their sum or resultant is

Tf:nted by the third side taken in an opposite order.”
8um or resultant of two forces P and Q acting at point A [Fig. 2.3 (a)]

ca :
n:’: obtained by constructing a triangle such that the forces P and Q
Presented by the two sides of this triangle taken in an order. The




"~ and (c) as, Q s

P+Q~= R can be determined grap

The magnitude of the 'resultant ¢ the force triangle.
measuring the length of vector Ro ‘

gni 4 also be determined trigonom'
. £ the resultant R can rnined tego ‘
if t;Ix‘: ?r::l:xd ;u:: c;e between the fqrqu P‘ax’ld Q kA no (Fig. 2.
e M RP=pP+@ -2PQcosP

Fig. 2.4
The remaining angles can be computed using the law of sines as, :

P = Q _ R

Sin Y Sin a Sin B




B) Two ropes are tied together at C. If the maximum permissible tension in each
rope is 3.5 kN, what is the maximum force P that can be applied and in
what direction as shown in figure 1. (6)

y
P
C [ -
------------- 200 50.
T
Tor 8C
Fig. 2.18
Solution. Consider the equilibrium of the point C,
ZF, =0: Pecoso + Tgc cos 50° — T, cos 20° =0 /

IF, = 0: P sin® — Tp. sin 50° — T, sin 20° = 0
where, T, and Ty, are tension in the strings AC and BC

P cosf = T, cos 20° — Ty cos 50° ..(0)
Psin® =T, sin 20° + T, sin 50° )
o ) 'AC BC Sin (1
Dividing (ii) by (i) @
Psin6 _ —_— Ty sin20°+Ty sin 50°
Pcos6 T ¢ c0520°-T'p~ cos50°
But Tyo = Tpe = 35kN
| _ l
0.766+0.342
tan @ = =
0.94-0.643 s
0 = 75° Ans.

Substituting 8 = 75° and Tyc = Tgo=3.5kN in @)

_ 3.5(0.94—0.643) 1.04
P - —— Rl
popr 0.259 4.0 kN
P =40kN Ans.




Q.2. A) What are various types of supports and support reactions? Explain with
its free body diagram. 4)

2.10 TYPES OF SUPPORTS AND SUPPORT REACTIONS

+ 1. Frictionless Support. The reaction acts normal to the surface at
the point of contact as shown in Fig. 2.19.

Ra

Sphere Resting on a Horizontal Plane A Rod Resting Inside a Sphere

Fig. 2.19
2. Roller and Knife Edge Supports. The roller and the knife edge
restrict the motion normal to the surface of the beam AB. So, reactions_

and Ry shall act normal to the surface at the points of contact A and
B as shown in Fig. 2.20.
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Fig. 2.20 et surfoce

-~ 8. Hinged Support: The hinge restricts the motion of the end A of the

beam AB both in the horizontal as well as vertical directions. Thus there

are two independent reactions X, and Y, acting on the beam at A
. T — - o -
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Fig. 22! combined into a sll_lgle »
inge can be representegs

. ts ca
m onen g

Jhese two regtﬂng‘}la: cfhepre"actzfoi_k at thg the components X, "oy

or reaction R . Therefore, ' = " yirectio ” 4 1y a single force or )

‘a sin —an unknpown < esent irectios. %
i gle force R, Lo ';{é;’""whethef rept:vo unknowns (one directiop q

Y,. The reaction at
. volves _—
its two rectangular components, 1n;/19; 5 sho Fig. 2.21.
magnitude or two, mag"it“des)' : lA of a beam - the!
4. Built-in-Support. If the st he end A 11 the horizontal and th,
By 8 on of the beam AB about thg |

concrete, it restricts the motion o
g e tati
restricts the 72 shall be exerted both

Vertical directions. It also! erefore
point A. The reactions X, and YA’ . ’anied by a reaction cotiple M)
horizontal and the vertical directlonsfgcqlr}p I

as shown in Fig. 2.22.

4 § ’
- il _—
—"F M = B P1
NA B y " ’ XA
" Y
Fig. 2.22

2.11 FREE-BCDY DIAGRAM
To clearly identify the various forces acting on.a body in equilibrium we ;
have to draw its free-body diagram. Only then, we can write the equations
of the equilibrium of the body. This concept should be thoroughly mastered |
before attempting any further study of the subject.

~7- To draw the free-body diagram of a body we remove qll the supports (l':ke. |

wall, floor, hinge or any other body) and repl .
i ace : h
these supports exert on the body. = them by the reactions "’"“

Before discussing this concept of free-hody diagram further, let |

consider two types of forces that act op g body They a ternal fo
L re : externas

-

and internal forces. - .

External Forces. These are for,
. . e8 which y
:{e b;;ixe; g’oxz) at;t.slﬁg. For example, i, the c:;t; Olt} a body or.ahz:"
, 8. 4.49, 1 e elg _tofroll?- W’ (W) Appli ed force ;, atrl:s (l.'?,l)lf[’;‘ :r sch




B) Using the method of joints, find the axial forces in all the members of a
(8)

truss with the loading shown in the Figure 2.
LOOON

2000 N

Figure 2
1B. V.1
Solution. Entire Truss. To determine the support reactions conmder the
equilibrium of the entire truss.

In general, the reaction at a hinge can have two components actmg in
the horizontal and the vertical directions. As there is no horizontal externa
force actmg on the truss, so the horizontal component of reaction at A i

zero.
Taking moments about A, \
— 2000 % (1.5) — 4000(4.5) + R, % (6) = 0

IM,=0:
| R, = 3500 N
F,=0: R, + R — 2000 — 4000 = 0
R, = 2500 N

Before considering the equilibrium of the joints, mark by inspection, t
directions of axial forces in all the members as shown in F'Tg. 9.8.

2000N 4000N




unknown forces acting &
Consider the free-bod
can be written as e 60° 0

LF =0: Fup— Fwsinﬁm _

LF,=0: R, - Fap " R, _ 2500
Fap = Gin60°  0.866
Fup = 2887 N(C) Ans.
Fap = Fap 0260 = 2887 x 0 §

e forces Fp and F4p are both copas

Using (1)

The magnitudes of th

. e forces oo
positive, therefore, the assumed dlrectlop of th are s}r
Joint C

i

R (3500N)
. Joint C
Rp cos 60° — Fog =10
RC - RCE sin 60° = (

EFx=03
2Fy=0:

Rc 3500
F CE= ——— =

sin60° WSG
From (i) Fop = Fee _ 40m
° 7 cos60° T g5
toint D Fop =20205N (1) ans,




F,p = 2887 N (known)

gF, = 0: Fppcos60° + F,;,co860° — Fpp =0 ...{v)
£F, = 0 F,;,sin60° — Fppsin60° — 2000=0 )
Fo. = 2887 x 0.866 — 2000
La 0.866
Fpg =577 N(T) Ans.
From (v) Fpg = Fpgcos60° + F,p, cos 60°
Fpgp =577 %05 + 2887 x 0.5
Fpp =1732N(C) Ans.
Joint E
4OOON
Joint E
Fpp =1732N
Fop =4041 N (known)
*F, = 0: Fpg+ Fggcos60° - Fopcos60° =0 ...(uit)
Or Fgpcos 60° = Fp cos 60° — Fpg
X -
Or FEB _ 4041 g; 1732

Fpp =57T7TN(C) Ans.
There is no need to consider the

P Q
equilibrium of the joint B as all the
forces have been determined. £ 1 £




Q.3. A) Locate the centroid of the shaded area obtained by removing a semicircle
of diameter a from a quadrant of a circle of radius a as shown in Fig. 3.

(6)

OI 8 DIILAT wa

of diameter a from a quadrant
radius a. i
;on. To determine the centrol X

ft? i.}‘lf:z’lt)aded area let us consider tl_lat g\,‘s 7 xq
shaded area is obtained by subtracting he / i
area of the semicircle of radiusﬁaIZ t:rom tIe e i cs
area of the quadrant of circle of radius a. bn . %2. L,yz
this sense, therefore, the area to e : 4

. O X
subtracted is treated to be as negative area. l o 1

hown in the

Cy 7

Reference axes are as S : ¢ Fig. 4.16
Fig. 4.16. Different areas and coordinates O
their centroids are tabulated below :
Area - dinate of y-coordinate of
Faure B tc;:: ;entmid the centroid
_ 4a - 4a
Quadrant of circle| A, = i'—az e -t R
of radius = a
a/2)® =a - _4_(2) = 2a
A= n( Xp = — Y. =
Semicircle of 2 Z 2 27 3r\2) 3=x
radius = a/2 _ na?
A 8
% of the composite area
x, = Ay x, + A, x,
Al -+ A2
Zaz(32 ) - o= (g)
7T
x, = 8 2
a2 na2
4 8
3 <ac _ca
x‘=31t,16=801 1
S 1 37 16
8
x., = 0.349a Ans.
g Ay, +A3Ys
= A, + A,
r 2(4a)_ ra? (20
4 37T 8 37
Ye T na? ma?
4 8
a Qa
387 1271 _ 2a
i Y = 1 11
8

vy = 0.636a Ans.
% o ~ C - il




B) A 7 m long ladder rests against a vertical wall, with which it makes an
angle of 45°, and on a floor. If a man, whose weight is one half of that of
the ladder, climbs it, at what distance along the ladder will he be, when
the ladder is about to slip shown in Figure 4? The coefficient of friction
between the ladder  and the wall is 1/3 and that between the ladder and

the floor is 1/2. (6)

IE\\'
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Na
Fig. 6.8
Solution. Suppose the man climbs a length [ of the ladder before slippii
impends. Free-body diagram is as shown in Fig. 6.8.
Writing the equations of equilibrium,

1
IF, =0: ENA_NB=O
Ng W _ ,
EFy-O. NA+T— -? =0 (i)
Taking moments about A,
M, =0:

1 o) W s oy
Npg (7 sin 45°) + %NB (7 cos 45°) - W(’2‘°°545 )“'2’(1 cos 45°) = 0 ..(iid)

From () N, = 2Np, substituting in (it)

Np 3w
— e i, = ()

9 =9
NazﬁW,NA— 7W

Sﬁbstituting for N, and Np in (ii1)

9 W)(7 cos45°) - W(% cos45°)— %(lcos45° =0

9 asey 4 L[ 2D
§W(7sxn45 )+3(14

9 19




Q.4. A) A trolley resting on a horizontal plane starts from rest and is moved to
the right with a constant acceleration of 0.18 m/s* shown in Figure 5.
Determine i) acceleration of the block B connected to the trolley and
i) velocities of the trolley and the block after a time of 4 seconds and the

distance moved by each of them. (6)

Oat
Fig. 14.9
+ 3xp +cf = constant

ns of the centre
ms of Xp-

. Xp

It may be noted that the motio.

B are identical, hence expressed in ter
¢f remains constant.

Giving an increment AXp

of the \p““ey ¢
Otherwise also,
to the trolley \ b
AxT + 3AXB =0 .

Differentiating equation (i) w.r.t. time

.‘.iiT_+3d_x‘-’- =0 or vT+.3uB= 0

dt dt

" Differentiating again,

dt? di2 Ehellil i ¥ 2B b
Acceleration of the block is given by the equation (iv), give

5 - 9
L - ap= 018 m/s
ar 018

?
= 0.06 m/s® Ans. :
.(~ve sign indicates direction)
Velocity of the trolley 4 seconds after starting from rest!

L=u+at ¥4

Vp =0+0.18x4=072m/s Ans. -




e

v w the block is given by the equation (iii)

v 0.72 T
Ug =-——;———3 = 0.24 m/s Ans.

pistance moved by the trolley in 4 seconds is given by,

1
S = ut + —at?
u 2at

1
Sp =0+ 5(0.18) (4)?
Sr =144m Ans.
Distance moved by the block is given by the equation (it)
Sr 144

SB———3-=—3——048m Ans.

B) A passenger train passes a certain station at 60 km/hr and covers a
distance of 12 km with this speed and then stops at the next station 15 km
from the first with uniform retardation. A local train starting from the
first station covers the same distance in double this time and stops at the
next station. Determine the maximum speed of the local train which
covers a part of the distance with uniform acceleration and the rest with

uniform retardation.

@% . of ﬂu:dm‘“' s . £ the twO trains Are saowa on
| fetardation.  otions ©
s
- passenge’ ‘;“h
“luwl'¢ : _______________ €
“E‘ ; g Local traip
, = : - o
/ A e s
;—— e
7 ' : 2t i

Fig. 14.16 ]

Passenger Train : It moves out from a’'certain station with a
speed of 60 km/hr (AB) and after travelhng a distance of 12 kmn
stops at the next station (BC).

Area under the veloclt -time
the train. > a y- graph represents the distance x

5 = Area OABC e
e onme S OAES. s s
B=i2km—vx¢1_aoxtl
Wi o g ’\ t[ =' 12 s lh
. 60 el g r

/ G . o
’ A




A yr _ Ut ,
I'eaBBC—72 = 3km

60x¢

Tz=3 t
, o= 3x2 1
2" 60 ‘Toh"_

 Total time of travel of the passenger train

]

\

o 1 1 3
t—t1+t2=g+_=_hr_\

: 10 1
Local Train : | 0
Time of travel of the local train = 2 x time of passenger train
'3 3 '
— X — = —
2 10 5hr
Distance travelled by local train = 15 km
A Vv

Area ~ OED = —‘;&x 2t

15=V_ . Xt

3
15=V_ ., X (Tﬁ)
15%10

V =

max 3

y Vpax = 90 km/hr  Ans.




Q.5. A) Explain in detail: D'Alemberts principle and write the equations of

dynamic equilibrium of the particle. (4)
OF WasT= i
147 EQUATIONS ;
Vo gg}l{‘apm ¢ the particle P
£ o0 of motion ™ sF = ma -
The equation ‘petha ‘GO
.tten in the I {=0
RS Wt gF -7 ternal force &
. means that the rf(-iﬁ“%%faﬁhefl ncrtia Toroen (?12 ang 3
which MO ] G hange in Ortin o
(- ma) 18 z}.e¥9ﬁT;etﬁ); egistance to the c1anEe I the con RN
e meotion of a body- ; 1t Y
force is equal to the Prody,

of uniform moulY’ T
b inertia 10T¢C & : Prog
The magnitude °f;he article and it acts 1n a directiop op of
and acceleration of the P ¢ the particle. 42Pog;
Jirection of acceleration O
. The eq ZF —ma= 0 | \
Or sF + (-ma) = 0 .
Inertia Force: "' e
or in the component form
Inertia Force
'ZF-?'. + (— may) v.= 0
Inertia Forge

~ are called the equations of dynamic equilibrium of the particle

<\/So,_lb write the equation of dynamic equilibrium of a pars:
ﬁctnt.ious force equal to the inertia force to the externdl e particle ¢

IF =0
be redefined Th In the above mann
- That is, 3 er, the terms ;
x and ZFy now inCl S Fx and sz

Further th
. ‘1€ equatij
€ equationg of -

It shoulq be ¢l

ns 14.21 anj 1 ude the inertia forces aloo.

Static equilibriyy, 4.22 have an appearance simi

and the equgt: €arly undergt,, ,
uUation of -I8tood that g )

of ipression icl:l diffor” eq“ilibriufm}x1 of Juation of motion of a pE

Nting the equatijop, °r only in the ‘ a particle are the two m&

8- The fing) resu(;?cipt used and mbthe‘

: » however, shall be




wfl"ull'—_ e

;chever method is followed should be followed consistently and
cle‘lrly ’

= @ F-ma:=0

Particle
at rest
(Inertia force)) R

B) Two blocks of masses M1 and M2 are connected by a flexible but
inextensible string as shown in the figure. Assuming the coefficient of
friction between block M1 and horizontal surface to be p find the
acceleration of the masses and tension in the string as per figure 6.

r_'Assume M1=10kg andM2=5Kkg, pu=0.25. (8)

Fig. 14.23 -

Solution. Let the mass M, move down with an acceleration of a m/s. The
acceleration of M, is same as of M,. Let R be normal reaction and pR be
the friction force acting on M,. T be the tension in tﬁe string.

Writing the equations of motion for mass M,

IF, = ma, Ma =T - uR . ()
XFy may 0=R-Mg _ ...(it)
Writing the equation of motion for the mass M,
W, = ma, Mo =Myg-T ' .
-4 T = Myg - a) (0D
m(!) and (i) . Ma =T-pnMg) " iliv)
T = M (@ +'ug) )
F““‘ﬁnz (&) and (iv) |

My(a + pg) = Myg -




Ma + Mypg = Myg -- Mz'q_'
a(M, + My) = Mg - Mg
Or , a =8WM, - le)/(Ml* + M
Substituting for a in (iit) * o | ‘
| R= My — a) - ;
o &My —uMl))
$=‘M2(g— M1+M2I

Mg g o
=2 oM +M,-M, +
T M1+M,2( 1™ M 2}LLM1)

Moy vy

T=3 +m, |
M,M.,g L

T = 14428 1+ p) |
(M, +M,)

Substituting, M, = 10 kg, M, =5kg, n = 0.25m
g(M, —uM,) _ g[5-0.25(10)]

o (M, +M,) (10 +5)
a = 1.635m/s® Ans.
7= 10x5x9.81

~ T (10+5) (1 + 0.25)

. T=40875N Ans.




Q.6. A) A spring of stiffness 1000 N/m is stretched by 10 cm from the
unreformed position. Find the work of the spring force. Also find the work

g

required to stretch it by another 10 cm.
= 1000 N/m

Solution.
x; =10cm =0.1m
X =20cm =0.2m
F
X
X4=10cm X,=20cm
Fig. 16.7 A
Work required to stretch the spring by 10cm from the undef °
position | O
ke |
Up_10 = - E(xl -xg)
- _k.2
Up_10 = = Pl
L 1

Up_1o = -5 X 1000(0.1)2

. Up_10 e -5 Nm Ans.
Uy, is the area of the triangle oab.

Work required to stretch from 10 cm to 20 cm-

1

2
U “ U10-20 =-15Nm Ans. :
| Itm-zo 18 the area of the trapezoid abcd. +
first 'l%az'mb? noted here that work required to stretch the®
kg et 5Nm and for next 10cm it is 15Nm.

Ujo_z0 = - = x 1000(0.22 - 0.1%)




B) What do you understand by direct central impact? Also explain 'Ez)e
coefficient of restitution.

me—- ay acv — mr"v- f masses ma and mb p
that © NTRAL dBof! g :
CEsPhereslf ::me straight line w1 b km"n
*sider the %0 15ng the
-\/ Canslder on an a

1

L T P, S
— | Va
Fig. 18.2

the sphere A will strike the sphere B.
g v, : ouzxternal force is acting, the total momentum of the systen
ince
: : 'Bi d.
spheres A and B is conserve ' ' |
- - ' MaUy + MUy = M v, + My vy (18]
where, u,’ and v,’ are the velocities after the 1mpact.

for two unknowns. The other

of impact and is
e=_ ®'v,) | .(18.2)
Vp —v

3 a
where,_e is called the coefficient of restitution a

__the nature of impact. In a problem the value e i
[ oris to be determined.

nd its value depends upon
s either given for an impact

e == veloci.ty of separation .(18.3)
velocity of approach
For an exact definition of the coefficient of restitution we have to loo
the nature of impact which is discussed in the next section.

With these two equations-now, we can solve for the imknown \}elocities
v," and Up' if the value of e is known.

™

k into




