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1(a) [Explain the basic idealisations made in mechanles, !
4.4 Basic Ideallsations for Solving Mechnnles Problems J

When applying the laws and principles of mechanies to practical problems, a number |
of wdeal condinons are assumed o exist. In the absence of such assumptions ideabsations -y |
may nat be feasible to find solutions. Such Idealisations will not vary the accuracy of tesulty 3
of analysis obtained below the required optimum level. Pollowing nre some of the assumptions |
made to study the practical problem, ]

g |

4.4.1 Particle | | |

A particle is defined as an object that has no size but has mass and is :msuu.wd ton
single point iy space  The examples of practical problems involving the distances coasidecably
hrger when compared 1w size of body. The movement of carth In the celestial sphere, eurth
I8 treated as a particle. Also an acroplane can be considered as a particle {or the description
of its fhght path, .

4.4.2 Continuum ‘.’(j L \

A body consists of several particles and each particle at microscopic level can be
visuahized as molecules, atoms and electrons, The real pictire of molecules and astoms is too
complex to deal with. However, the physical quanuties obtained by averaging the effects of
molecules and atoms at macroscopic level, the body s assumed o consist of a continuous
distribution of matter. Such a hypothetical continuous distribution of matter mn the body iy
treated as a Continuum. This concept of Cotniuum of body enables us to treat the bodies as
rigid bodies in solving the mechanics problems. 5 . )

4.4.3 Rigid Body

A body which does not undergo deformation on the application of foree is called a
rigd body. The body will retain 1its shape and size or the distance between any two points of
the body does not change, under the action of applied force, neglecting small relagve
deformanions.

Rigid
Body

Constant
distance

. Fig. 4.1
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' 4.4.4 Point Force

When a force is transmitted from one body to another that are in contacy, the bod;
il F‘"’"y undergo localised deformations, with the increase in contact area Then -~
force 5618 actually on a finite area rather than at a point. Since the bodies deajt with are ,im'

bodies not much accuracy is lost by treating it as a point force, which helps 1o simplify g:

problem.
b) A 500N force is applied at point A of a L shaped plate. Find the equivalent force couple

rystem atB
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Fig. (b)

The resultant will be 500N acting at an angle 60°, since there is only one force at A.
. >
Taking Moment about B. y_:’:'l}
M, = (5008in60) X | - (500Cos60) x 0.5
= 308KNm (Clockwise) )04 |
The Equivalent Force-Couple at B is shown in fig. (c).

I Equivalent Force Couple at B
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2 (a) Determine the magnitude and direction of the resultant force for the force system shown .
Fig.2a
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Fig. 2a

Solution. If 8, is the inclination of 200 N force to x-axis, then

tan 0, = % . 8 = 26.565°

Similarly inclination of 120 N force to x-axis is giveri by

tan 6, = % ie, 0, = 53.13°.

Z F, =200 cos 26.565 - 120 cos 53.13 - 50 cos 60 + 100 sin 40 = 146.2 N@
Z B, = 200 sin 26.565 + 120 sin 53.13 - 50 sin 60 - 100 cos 40 = 655 N @

R = J1462% + 6552 =1602 N }ED

a = tan” 1—‘:’1%% = 24.1° as shown in Fig. 5.10(b). ifoﬁ

- ]
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(0) [Define couple. Explain the characteristics of 2 couple.

When two equal and opposite parallel forces act on a body, at some distance apart,
these two forces constitute a COUPLE, which has a tendency to rotate a body. The
ndicular distance between the parallel forces is known as arm of the couple or lever arm

or moment arm.

The simple examples of couple are the forces a
it up. Forces applied while Locking or Unlocking of the
rotation or anticlockwise rotation.

then

pplied to the key of a clock in winding
lock. The couple can produce clockwise

Clockwise rotation

Body

4.15 Characteristics of Couple

A couple, whether clockwise or anti-clockwise has the

following characteristics -

1) The Algebraic sum of forces, constituting the couple
is zero i.e., the resultant of the forces constituting
couple is zero. From figure 4.12, ~-F+F=0.

2) The Algebraic sum of the moments of the forces,
constituting the couple, about any point is equal to the
moment of the couple itself.

.\ i
In figure 4.13 taking moment of forces about the point O. 1F
Mo = Fdz = Fdl o)
_______________ il
=F(dy -d,) e ) f g —sk— 1 —
Moment’ for couple=Fa  .......... ) }(——— d,

[ F\}

From (1) and (2) it is proved. Fig. 4.13

3) A couple can be balanced only by an equal and opposite couple in the same plane.

4) Any number of coplanar couples can be reduced to a single couple, whose
magnitude will be equal to the algebraic sum of the moments of all the couples.

5) The moment of couple is constant for any point choosen in the plane of the couple.

6) Any two couples whose moments are equal and of same sign are equivalent.

3(a)

State and Prove Parallelogram law of forces.
If two forces acting simultaneously on a body at a point are represented in magnitude and direction
by the two adjacent sides of a parallelogram, their resultant is represented in magnitude and direction

y the diagonal of the parallelogram which passes through the point of intersection of the two sides

Tot meky)
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representing the forces.

g

Consider the two forces F, and F, acting on a particle as shown in Fig. 5.3(a). Let the angle
between the two forces be 0, If parallelogram ABCD is constructed as shown in Fig. 53(b), with

AB representing F, and AD representing F, to some scale, according to parallelogram law of
forces AC represents the resultant R. Drop perpendicular CE to AB.

-]

F,
4
r

[\o

» F|
@)

But

Fig. 6.3

Now the resultant R of F| and F, is given by

R = AC
- ,IAE’ +CE?

= J(AB + BE)? + CE?
AB=F,

BE = B(C cos 8 = F,cos 0
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and CE = BCsin 0 = F, sin 8

R = \(F, + F, cos 8)? + (F, sin 6)°

= \/ﬁl +2FF cosfHFzz cos?0 +F22 sin?@

{ 05 el Eqn. (5.1)

- JFlz + ZF]Fz COSB+F22

The inclination of the resultant to force F, is given by ¢, where

tan g = CE o __Fysin®
AE  F +Fycos8
Thus a=tant__P25n6 —*”,’% Eqn. (5.2)
F, +F,cos6 o] e
AT
Particular cases:
() When 0 = 90° [Ref. Fig. 5.4(a)] R=JFZ +
(i) When 0 = 0° [Ref. Fig. 5.4(b)] R=FR+2FF+F} =F +F

(iii) When 8 = 180° [Ref. Fig. 5.4(c)] R=JF}-2FRF +F} =F -F

------------------------

(a) '(b) ©)
Fig. 5.4

From cases (ii) and (iii) it is clear that when the forces acting on a body are collinear, their
resultant is equal to the algebraic sum of the forces.

(b)

Three forces are acting at point O as shown in Fig.3b. Determine two additional forces along

|OA and OB such that resultant of five forces is zero.

Page 6 of 16
Scanned by CamScanner



4 (a)

[ ———— s
e e

Zﬁd-:::

,:“ 4oo N
'
I
[} ls.
' L.
= % > 300 N
‘ -
3
4ooN
Fig.3.b
Sol”. 4 "
. %_ . P 69
Z F'L =0 '\’_ Zfld =0 | !
| .
lﬁl- P| R ?_3_ })( 100 .{ur‘r‘_b\dffh'oa e = = "0 = 3eo0d
,Qﬁ_[)p);) C‘A ‘8_ @] r‘: 3;y
S =0

>
. ooN
36D-¥469€0545'—PLQM30-:0 & 4

Po= 673 N S/O\ 3 ol |

“_/_’/—’—‘—./
D = ‘
P, Y4B SiNAS & &T35IND - 48 =0

M= 453.657 N @@

Two smooth cylinders each of weight 100 N and radius 15cm are ¢
by a string AB of length 40cm and rest upon horizontal
cylinder above them has a weight 200N and r

and the reaction developed at the point of contacts D and E.

onnected at their centers

plane as shown in Fig.4.(a). The
adius of 1Sem. Find the force in the string AB

B

(/"'b’/flfl"llflf__

Fig.da
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tsl
State and Prove Varignon’s theorem of momen

Vavignon's +heovem o
) Very .

+he bvas ¢
Vm-'anon's Aheowe™ gtate s rhat nlﬁ‘ )
0o all Jo nz an ohje
ach on
Sum of moment s due 0y

n,}- 05 a7

ot
alhout dov Po"o‘l‘ s aqud o the

vesultant  about the Samk PO""' .

ol Mot

cos6) ,%M d\"OACOSQ'
d, = OAC0s82

d = 0k cos6

The wnoment O ‘R aboulr A

. MR= R. 4
— g (0A coso)

v

_ oA (Rcose)

S Mer
e 4- r.om.paom-! of resutaot 15
Ry — RC0OSE
MR = OA. Ry
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The mome of Fi about A iz

My = w4y
= F) (0Acos8))

My = B OA ¢ FicosO1)

But Fiwsh = Rt

™M1 = oA Fia

M1t M = e
e
M) My = M. @/—/’7

o montnt dut ‘o iy o

HyaSr resyltas”
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d its point of application from A for the square

(b) | Find the resultant magnitude, direction an
plate subjected to forces shown in Fig.5b ‘

1000ICN
e IR,

TN

» 60KN

A n
Fig.5b_

Solution : Resolved components of forces shown in figure b.

75 Cos 45 mlcnm y
. —» 45 Sin 30

\ )/
l 145 Cos 30
75 Sin 45
2m
IGO Cos 35
—— 60 Sin 35
A 2m
Fig. (b)
Resolving force Horizontally,
¥ H = -75C0s45 + 455in30 + 60Sin35
= 3 88KN
Resolving forces Vertically,
Y V = -75Sind45 - 45Cos30 + 60Cos35
= -42.86KN

Resuttant R = J(ZH) +(Z V)’

R = (388)" +(~4236)’
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6 (a)

Let ‘0’ be angle made by resultant,
Tan® IV  -4286

T e—— LD

IH - 388 - 11046
6 = -8483°

Since LH is +ve and TV is -ve, resultant lies in 4" quadrant figure

Let x be the 1 * distance of resultant from A from figure (b) and figure (d).
|

- - e - - -

84.83°

x R=43.03KN

R=43.03KN /

Fig. (d)

Fig. (c)
Taking moment about A and applying Varignon’s principle,

43.03x = (-70Co0s45)2 + (45Sin 30)2 + (45C0530)2 - (60Cos35)2 + 1000
43.03x = 925,65 <

X =21.51m from A on RHS OL Yoy 4

Check the stability of the dam carrying the forces as shown in Fig.Q.6.(a). The dam is said to
be stable if the resultant lies in the middle 1/3 of the base AB.

Page 13 of 16

Scanned by CamScanner



Gow ﬂ\‘ ps L aphT
: o A
SENA N
: )N
AT A o

----bm — --%
“To dedevmine masnibude Gdiction 69 Retutiond

EFy = 50 — Zolopto

‘sz-‘- dh- 04 [len

EF‘] -~ — 130 - 05inbD

EJ:): = — 135 \LNI
rapnikue,

[t °(5&)°’+(£Fy)

Jﬁq.@%_ (—ns)",

.
—
IR=1%%.12 kﬂ Tidea

DirgHm £
= o= b (2o
I'BS'
= foed (g
Tolmens )
Page 14 of 16

|

Scanned by CamScanner



o Lk -k‘-cb?‘mkug § metultost LY. £ R

Ba appia;nﬁ Veraignonss Hcccem O Momen ook A

M = ¥ Img
aloouf- A Ao A

137136 in}aqqiex = Sond+ lde )‘o‘l"’r3°‘5‘"3{"‘c°”"°)
~ v (opow 1GinGo

05-—- ‘la'
(50 +3uo 3 8.5 - [2:2
| 499

a = dbgm.

Page 150f 16

Scanned by CamScanner



(b)

State and explain Lami's theorem

Lami’s theorem sta : o ‘
is proportional to the sl‘mt;f‘lt‘:c:o?‘;:'mv i in quilibrium wnder the aetion of only three forees, each force
in Fig, 8.1(a), S veen the other flm_{nrr‘rs. Thus for the system of forces shown

- S
S_.h A §c>tvﬂfikz ,

sina  sinf  sin Y . _ Eqn. (8.3)
; %, l i ¢ i ; h‘ [ i N

Proof. Draw the three forces F,, F, and F, ane after the other in direction and magnitude starting
from point ‘a’. Since the bedy is in equilibrium the resultant should be zero, which means the last
point of force diagram should coincide with ‘a’. Thus, it results in a triangle of forces abc as shown
in Fig. 8.1(b). Now the external angles at 2, b and ¢ are equal to B, y and a, since ab, bc and ca are
parallel to F,, F, and F; respectively. In the triangle of forces abc,

ab = F,
be =F;
and . ca=F
Applying sine rule for the triangle abc,
ab be cn
sin (180 - @) ~ sin (180 - B) ~ sin (180 - y)

ol

CCl HOD
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