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Course Title: Analytic Mechanics

Summer Semester: 2022 - 2023
Full Marks: 200

Time: 3 Hours

There are 10 (TEN) questions. Answer all questions. The symbols have their usual meaning.
Assume any missing data.

1(a)

(b)

(C)

Why is the linear velocity at the instantaneous center of a rolling dlsk
always zero? Briefly explain with a diagram.

COI
POI

20

Explain the difference between limiting static frictional force and kinetIC

frictional force with friction versus load diagram

Write down the differences between two-force member, multi-force
member, and zero-force member. Show qualitative free-bodY diagrams
for these members in order to explain your answer.

Explain the physical significance of the radius of gyration of an area.(d)

2(a)

(b)

Determine the internal forces in the members adjacent to joint C of the C02
following truss using the Method of Sections. Indicate tension and P02
compression members.

20

Verify your results from the free-body diagram of joint C.

10 ft

IOO k100 k100 k

7//77
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3(a) Determine the horizontal and vertical components of the reactions at A C02 20
and D for the frame shown in the following figure. P02
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(1B
q– 4 ft

N{embef s are

weightless.

or compresSIOn.

D,te,mi„, the internal rlorma1 force- shear force’ and bending "lolnen
at point G of the member AC

(b)

(C)

F: I : = = : E : :IT : : h( C : sTe I : oP: : : i: 1 a: :Tg f=r1thul : rtTe seE:: : i jnIT

D,t„mi„, th, 1„,t radius of gYratic’n of the area for axes pass111g

through the centroid.

C02
P02

20

4(a)

(b)

*""” I
1-

300 mm 300 mm

b_––-– 600 nlm

}:aT rIe hT io ite i ::;J:fIJi: ITII(\t: : : / == ; ; a : 1 : : iT: ) a n d t h e stem at

C02
P02

20

5(a)
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(b)
fo:rC ::u£he !I TF 1 : : : Fi r:T :==:it }= dk t\:: SC::at: : 10 :: :: : ?o f t h e tuning

Z.
D.5 in.

2.5 in.

0.25 in. o.5 in
-/V

6
The thin-plate qbject shown in the following figure has a mass per unit
area of 10 kg/mJ. Determine its mass moment of inertia about the z axis.

C02
P02

20

200 mmr

(1OC> mm

2tl(i aim

IDa mn:

axl mm

IX>ill;
V
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T: : :r = : 1 ::H : Fo :1 Te : : I :R ===:: ::: : : TnT T : : IT sT:: h= r Fi:n: : : hv=r: i f
IF: ;ii'-!:HI, ,q„,1 t. ”” f'r the segmerlt1

C02
P02

20

7(a)

(b)

100 ft
-r
I

40 ft
i

!L

Principle for your calculation

C02
P02

20
8(a)

re = 300

li: : my : : r u= =1 :hT : IE: 1 :en=i : SeTt ut : ::: itP E ! fr o m i t s fr e en boy

U = = e : : == ; ;baTitn sd: : == i vol1 e= 1 : = q : : : 90 F : :e t\: :T t h e 1 mp u

(b)

(C)
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9 In the following figure, }h = 400 lb, Wb = 160 lb, and the pulleys C and
D are to be considered as smooth and weightless. Determine the

minimum coefficient of static friction required between A and the incline
to prevent B from falling downward. Use Virtual-Work Method for your
calculation.

C02
P02

20

10(a) Body B. shown in the following figure. is rotating about a hinge at O.
The angular motion of the body follows the equation below for 10 sec.

C02
P02

20

a = 2t3 + 4t2

where a is angular displacement in radians and r is time in seconds.

After 10 sec. the angular acceleration becomes constant. Construct the
relationship between 0 and r, which the rotating body will be following
after 10 sec.

(b) Calculate the angular displacement, angular velocity, angular
acceleration of the body at 15 sec. At the same instant, also calculate the
tangential acceleration and normal acceleration of point C on the body
which is located at a distance of 2 ft from point O.
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C'entroids of Solids

Semicylindu Square pyramid

[„
A

yI
y

1/ = {4: 1 p ; J

T=O.y ={, E =+1

P = nr: L
ahlr

f = o ) F = $

Sphere Right-angle

triangular prism

r = {#rj
I = o,P = o, 5 ={/T = o,y = 0.7 = o

Half cone Rectangular
tetrahedron

„M{„,' ~q
In o, y=% ? nO

P = +zr-'£
TH o, P = + F = #

; = { a 6 ( p

l= f ,y =

Mass Moment of Inertia of Solids

Cone

/H = lyy = & m(4,2 + /,2)
Hemisphere

/mK/,.,.=0,259mr2 /„=i mr2

Thin plate

In= LmP I,,= i ma2 1„= i m(a2 + b2)

Thin Circular disk

mF II, ' = {InIn = 1.) MPenh= ZZ
24
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