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[2]
2l .
0) s futd Cauohy*‘s'-imégfél_ test. “lar ™
d)  State Rolle’s theorem. [2]
e)  State Euler’s theorem for homogeneous function in x and y. [2]
f)  State the conditions when the system of non homogenous equations AX=B will have
1) umque solut1on 11) Inﬁnlte no of solutions 111) No solutlon [3]

h) !Ti:::::---SlatL Leibnitz: tust' ------- /

i)  Evaluate j e* x"dx. [3]
0
j)  Find M,ifu=x+y+z,v=x+yandz=z. [3]
....... o(x.yz) :

(50 Marks)

[10]
r.\ OR I IIIIIII W i
% ,,,,3“+2'4 4, 3" LY ‘“42—6 X'1 y+z—1ubmgG;1usb
[10]
4,

[10]




6 -2 2
3. Find Eigen values and Eigen vectors of | -2 3 -1/, [10]

b)  Find the radius of convergence of the series Z J:_ - [5+5]
n=0 ?’l
aa, OR ......
7. co-[‘;;rerg,e >1bsolu’[el):;..ccmc[ 1t1ona11y or dlvcrge? [1 0]

8.2)  Expand fan’x in powers of (x-1) using Maclaurin’s theorem.
b)  Find the volume of the solid that results when the region enclosed by the curves xy = 1,
X - axis and x = 1 rotated about x — axis. [5+5]
i OR

prove that x@+ y@i =1.

Ox oy
a( ,V Z)

a(u VW) '

N OR
11.a) Show that U = x’¢”coshz, V = x2e" Vsinhz, w = x?+ %+ 72 ~Xy ~yz—zx are
functionally dependent. If dependent find the relationship between them.

b) Find the maximum of x? + 7" +2% such that 2x+ 3y+z=14 using Lagrange’s multiplier
method. - . [5+5],
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Part B consists of 5 Units. Answer any one full question from each unit. Each
qugstion carries 10.marks and may have-a; b, ¢ as sub questions. A

(25 Marks)
l.a)  Solve the following differential equation x Z—z -y =x2, [2]

4
b)  Find the complimentary function for the equation z:—xj-"; +4y = cos2x + cos4x . [3]

AT L i e ]T z ,_ 3
Find the.value of k suetrthat the rank’of the matrix IZ ke 7 ] is 27

: 43. 6. 10 Lo g
1 3
d)  Find the LU decomposition of 4 = [4 IJ. [3]
e) If a square matrix A has an Eigen value A then what is the Eigen value of the matrix
kAT where k # 0 is a scalar. [2]
e, -1 .0, 0 o e
D amatix 4 =2 =3 o then what are the Bigen valyes of 427 [3] .
— XYz A
g Ifu= e3 find the value of Groyan [2]
a a
h) Ifv= ;Ty}ﬂ find the value ofx% + y%. [3]
i)  Form the partial differential equation by eliminating the arbitrary constants a, b
z= (x—|-. a) (y + b) S i, P
D Solvezp +yq =% i

PART-B
(50 Marks)
2.a)  Solve (D? —4)y = x sinx
b)  Find the current at any time ¢t > 0 in a circuit having in series a constant electromotive
force 40V, a resistor 1. ) 2, and an indyctor 0.2 H is zero.

“ en [5+5) |

Find the_current when/emf is 150 652001,

3.a) Solve (D2 +2D? + 1)y = x2 cos x
2
b)  Solve by the method of variation of parameters: ZT}ZI -y= ﬁ [5+5]

..........



2 -3 1
4. Factorize the matrix by the LU decomposition method [3 4 ZJ [10]
2 —3 4

and p do the system of equat:ons x+y+z-w,%

wha [ X2+ 3r1' -
XP2y+hz = n havé” 1) 1o solution, "ii) unlque solutioi iii) more than ohe §olution?

b)  Find the value of k for which the system of equations:
(k+ 1)x + 8y = 4k, kx + (k =3)y = 3k — 1 has infinitely many solutions. [5+5]

1 2 0
v, 6 [ 11 ZJ and obtain .......
175 bt [
- Sy & \-. i [10]
OR
7. Reduce the quadratic form 3x? + 3y2 + 372 — 2yz + 2zx + 2xy to its canonical form.
(10]

tO X1, xZ, X3. Bt [5+5]
OR

9.a)  Obtain the Taylor’s expansion of tan‘lf about (1,1) upto and including second degree
terms.

Find a point within a tuam,le such that lhc sum of the squares of 1ts dis];anccs from the

three_angular pom'ts"m aminimum:”; - - s oo [545}
------------------ 4 £, i £ Vit ; L,
So!ve the partial dlﬂc[entlal equatlons

a) (x* —yz)p + (% —2x)q = (22 - xy)

b) :vc2 2 =t y = (x+y)z. [5+5]

OR
e 11, Solvuhe p.ﬂ tial dlﬂ‘e:enhal equat:ons

-—-00000—-—
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Part B consists of 5 Units. Answer any one full questlon from each unit. Each
question carries 10 marks and may have a, b, ¢ as sub questions.
Hlustrate your answer with NEAT sketches wherever necessary

PART-A .. P

ot Y ey 0 (25 Marks)

1.a) ““With the help'ofan example eﬁ'p'l'alti"the Paralle‘lt&g‘r&i‘m""law of folees, ™ 74
b)  State and prove Lami’s theorem. [3]
¢) Distinguish between Static and Dynamic Friction. [2]
d)  What is ‘Centrifugal Tension’, and how does it affect the belt tensions? [3]
€)  What is the difference between Centroid and Centre of gravity of a plane? [2]

f)  What is ‘Polar Moment of Inertig’?, Write the expressions for the Polar Moment..of

"Ipemd of a cnrcular area with respect to its centre its"M.L. with re:,pect 10 the dldmetcr of

i....circle, and the'M.I:-of the quarter.circle with respecttothe x — axis.. .. L3
g)  What is the difference between the analysis as a Particle and analy51s as a Rigid body in
Translation? [2]

h)  Write the equation of the velocity vector of a particle, having curvilinear motion, in
terms of the Rectangular components. From this expression, derive the magnitude
and direction of the  velocity vector. [3]

i) ~~Write the equation’of work — energy. for rectilinear motion of a particfe... R

) :.._-;j.'_’::_Whai is the effect of the inertia of mass of the spring on the” natural frequency of A
vibratory system havmg a mass suspended freely from the end of a spring? [3]

PART-B
(50 Marks)
How can you resolve a force into a force and couple? Where is it useful?
,_./\ 4 kN force is shown in figure, 1 Resolve this force-into i) two. parallel components P
: and O, acting. along .aa and bl wspeclwely, and '11) a force-P; 1"‘3 and a. Louple
""""" Reépresent the couple by Forces 7 acting along bb'and-¢e. “[5+5]"




3.2) A man of weight W = 712 N holds one end of a rope that passes over a pulley vertically
above his head, and to the other end of which is attached a weight O = 534 N. Find the
force with which the man’s feet press against the floor.

b)  Determine the resultant of two equal parallel forces acting in the opposite directions.

...... ~[5+3].;

quare threads i _used to couple two

[turnbuckle with right and left hand single start ‘s

 railway coaches. The pitch of threads is 10 mm over a mean diameter of 30mm. The
coefficient of friction is 0.15. Find the work to be done in drawing the coaches together a
distance of 300 mm against a steady load of 25 kN.
b)  Derive an expression for the Angle of Contact in the case of Cross belt drive. [5+5]
OR
5.a) .. A-pulley is Ig;lt:iyg:l_}'l'l‘l-:-by a flat.beltrunning at.. 200 m/minute. speed. Find the. power

- téansmitted byt belt, if the maximum tension “in the belt s 1000 N, Asstime

“the"coefficientoffriction betwéer the belt-and” pulley surfaceas 0.3, ‘and “thie
angle of lap is 160°.
b)  Show that for an ideal screw-jack, the efficiency is independent of the weight lifted.

[5+5]
6.  Find the centroid of the com posite area ABCDEF shown in figure 2..A circle of radius
* 0.5 units has ‘beencut out. A'triangle and a quarter-circle have ‘also been cut out inq
Loosimilar way, 4. b £ N7 Lo B £EL0Y
Y
B

(

o Fiedl E{4,0) x

"""""

Figure: 72
frn et OR G WG T
7.a)  Find the centroid of the plane lamina OAB shown in figure 3,

Y

I

o = ’-,.
N e |
\
\
e - - = ———
o 8{3,0) X

Figure: 3

b)  State and explain the first theorem of pappus.




8.) A locomotive of weight W = 534 kN goes around a curve of radius » = 300 m at a
uniform speed of 72 kmph. Determine the tota] lateral thrust on the rails.
b)  Write the governing equations for angular velocity and angular rotation of a rigid body

rotating about a fixed axis under the action of a constant moment. ) [5+5]
3 fom,  ORw=y £ 2 Loy
(" The rectilinear’ motion of a of & particle is definéd by the equation, x.=x, (2¢™ ¢, in

which x, is the initial displacement, % is a constant, and e is the natural logarithm base.
Sketch the displacement—time and velocity — time curves for this motion, and find the
maximum velocity of the particle.

b)  Define the normal and tangential accelerations of a particle in curvilinear motion. [5+5]

10.a)y+Sfaté and prove the Work energy theotem. e L
b)_In a spring — mass vibrating system, the natural frequency of vibration .
the value when a second spring is added to the first spring in series. Determine the
stiffness of the second spring in terms of that of the first spring. [5+5]

OR
11.a) A wood block weighing 22.25 N rests on a smooth horizontal surface. A revolver bullet
weighing 0.14 N is shot horizontally into the side of the block. If the block attains
. velocity of 3 m/s, what was the, muzzle velocity of the bullet? .. 7 o TS
b),Derive the expression for the natural frequency-of vibration of.a’spring — mass.systen)

a

Wi-th'out dﬂn'] p’ing. ot (T S

A ;-._,..0:0000-__ S B y
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" T (25 Malfks)
1) IS k=10, Y226, Vilues a and b Tor
best fit of a straight line y = +bx. [2]
b)  Find the missing value from the following data:

x[1|3]5
~ . yTeTe6) . . I

pre o N o of

oW Aunbe v equired for applying ;trapezoidal {and
~ Simpson rules to evaluate an integral. o 21
d)  Derive an iterative formula for reciprocal of a non-zero number using Newton’s
Raphson method. [3]
¢)  Find the Fourier sine series of fx)=x*in [0, =]. [2]
f)  Find the Fourier cosine Transform of £ (x)=e™,a>0.

ow/ many tumber of subiiitervals are requi

g) -~ Solve the pal'l'-ial_-:_._clj,ﬁé:_l'el1tial equation.p +q =1..

b “sotve 24 = 42L- 58y metiodof séparation of
ot Ox

i) Define solenoidal and irrotational vector. [2]
i) Find Curl(¥)where 7 = xi+ yj + zk . [3]

...... T o, 2,
A T P L

(50-‘_;y_1aérks}

,

2.a) Prove that n" difference of a polynomial of degree n is constant and higher order
differences are zero.
b)  Fit a straight line of the following data
X 1 3 5 7
y 1.5 2.8 4.0 4.7

TN -

L - OR Y ol

3.a) Interpolate by means of Gauss backward formula, the population of town for the year
1974, given that

[ Year 1939 | 1949 1959 | 1969 1979 | 1989
Population (000) 12 15 20 27 39 52

b) . Prove i) B =e", whére i is step size; "D, is differentiable

[5+5]



4, Solve by Jacobi iteration method for the system of equations
8x—3y+22=20; 6x+3y+12z=35and 4x+11y-z=33. [10]
OR

0,-7<x<0
; Hence show that

6. Find the Fourier series of flx)y = {
smx, 0<x<nx

+L+ = (Z=2y.

oy — T
* 4 el ‘f

i

fie o/ OR

7 Find the Fourier sine and cosine transform of fx)= ¢ , and hence show that
fgi—sin sxdx = Tan™! (f-) —Tan™ (E) ) [10]
0, * N 2

b) Solve xz(y—z)p+y2(z—x)q=zz(x—y).
OR
9. If a string of length [ is initially at rest in equilibrium position and each of its points is

gilyg;l_n the velocity g_,,,_;;in“(%) s ﬁnd the displacemen}; Y(x,2).

b o o j
4 5 % 5 '3 i ; S

10.a) Prove that div(r"F) = (n+3)r", where r =[F| = /x* + 3 + 2% .
b) Calculate the work done by a force F= 3xyji - yzj in moving a particle in xy-plane from
(0, 1) to (1, 2) along the parabola y=x° [5+5]
OR
=2XYyj takerﬂlmarquq_d a rectangle !;:_cu_gnded by t_l_;e ljpe__s

e

11. Verify Stokes th orem for F=(x'2'+y"j).i

= a‘ X y | , « r ['0] .....

---00000---
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e & ~ 0T (25 Marks)
xX7=26, 3 V=15, xy =187 <6, find 6 Values 4 and b Tor
best fit of a straight line y=a+bx. [2]

b)  Find the missing value from the following data:

x|1][3]5 ]
e V| - 9 “gi]r i N oy i [3]/ ..... 2

c) 3]:[':.0 many ,-11'i;'t!m,_ae_g.- of subiitervals are re‘tfu ired for ap plgfﬁig trapezoidil {dnd
"""""" Simpson rules to evaluate an integral, [f]

d)  Derive an iterative formula for reciprocal of a non-zero number using Newton’s
Raphson method. [3]

¢)  Find the Fourier sine series of f(x)=x%in [0, «]. [2]

f)  Find the Fourier cosine Transform of f (x) =e ™, a>0. [3]

g) ~Solve the partial.différential equationp+g =1, ;" ~[2]/

h) “Sélve %;—l = 4—§$+uby method 6F sé'péil'ation of variables. " ":""[3']

i) Define solenoidal and irrotational vector. (2]

1)) Find Curl(Fywhere 7 = xi + Y +zk. [3]

PART-B

(50 Marks)
2.2)  Prove that n difference of a polynomial of degree n is constant and higher order
differences are zero.
b)  Fit a straight line of the following data
X 1 3
y 1.5

i X ;

3.a) “'Iﬁ't”é“r'polate by means of Gaus;éwﬁaékward forrﬁulué, the populaffBﬁ of ﬂfown for
1974, given that

Year 1939 11949 1959 [1969 |1979 1989 |
Population (000) 12 15 20 27 39 52|

by Pove (i) B =e", wheére™ Ty is step sizel D, is differentidble

operator, [5+5]

...........



,,,,,,,

4, Solve by Jacobi iteration method for the system of equations
8x—3y+2z=20; 6x+3y+12z=35and 4x+11y—z=33. [10]
OR
5, e"—‘-'-:"'ch’llgijng Trapezoidal rule as well A4s Sxmpson s rulc_ takmg step SLZC
0,-7<x<0
6. = . ; Hence show that
sinx, 0<x<ux
--------- e HE
7 Find the Fourier sine and cosine transform of f (x)= ¢ , and hence show that
[10]
8.a) i So-i.ve p-qgt= —x-*,..y
b)  Solve x*(y—z)p+y? (z=x)g=z (x ).
OR
9. If a string of length [ is initially at rest in equilibrium position and each of its points is

glven the Velomty Vo, gm ( ; ) ﬁnd thc dlsplacement y(x f).

.’

b,

).

b) Calculate the work done by a force F= 3xy1 - v} in moving a particle in xy-plane from

(0, 1) to (1, 2) along the parabola y = x°, [5+5]
OR
1. chty Stokes theo;cm for l*—(szry )1 2ny taken leI.Il‘Id a rectangle bounded by the lings

---00000---

.........



Codgi’\loz illAC J | R13

';'"'""‘Witl'{: the help""’tﬂ"a;‘r e}'{:ample ei.'-p'l'a i\i'i"tﬁ:c Parallc"?t)gi‘z:{'111"’iaw of foi:ces.

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
B.Tech I Year Examinations, May/June - 2019

ENGINEERING MECHANICS
(Common to CE, ME, MCT, MMT, AE, AME, MIE, PTM, AGE)
Time: 3 hoirs oy L (o Max. Marksg 75
Notql;_'_'_'_l'f?lljl_g."question__,:[_)_'g_i:pt;_:ljl__n_;_c‘mtains two parts;A and B, } .

Part A is compulsory which carries 25 marks. Answer all questions in Dart A.
Part B consists of 5 Units. Answer any one full question from each unit. Each
question carries 10 marks and may have a, b, ¢ as sub questions,
Hllustrate your answer with NEAT sketches wherever necessary

' Fatren, "

=

(25 Mafics)

b)  State and prove Lami’s theorem. [3]
¢)  Distinguish between Static and Dynamic Friction. [2]
d)  What is ‘Centrifugal Tension’, and how does it affect the belt tensions? [3]
e)  What is the difference between Centroid and Centre of gravity of a plane? [2]
f) What is “Polar Moment of Inertia’? Write the expressions for the. Polar Moment..of
" Aiertia of a circiilararea with respéet-to its centre, ifs M.I. with fespect-to the diamgtérof
fecirelé, and the- M.L.of the quarier circle with respect.to'the x — akis, ..’ £L3]
g)  What is the difference between the analysis as a Particle and analysis as a Rigid body in
Translation? [2]

h)  Write the equation of the velocity vector of a particle, having curvilinear motion, in
terms of the Rectangular components. From this expression, derive the magnitude
and direction of the velocity vector. ) [3]

i) -~ Write the equation’of work — encrgy for rectilinear miotion of a particle.. 2] e
J) ¢ What is the effect of the inertia of mass of the Spring on the natural frequency ‘of a
vibratory system having a mass suspended freely from the end of a spring? [3]
PART-B

(50 Marks)
2.a)  How can you resolve a force into a force and couple? Where is it useful?
b) ... A4kN force is shown in figure, 1, Resolve this. force-into i) two.parallel com pongnts P

il

~and ", acting.along‘aa and bb’ respectively, and'

i) a force- P t:B and acuupi-:.

Rephssnbroe veup e orcek Fasting along bbandae. i o
a ] .
A}
=Y, “pB

gf-j--F"-hi-gure: 1 7% fomm




3.2) A man of weight W = 712 N holds one end of a rope that passes over a pulley vertically
above his head, and to the other end of which is attached a weight O = 534 N. Find the
force with which the man’s feet press against the floor.

b)  Determine the resultant of two equal parallel forces acting in the opposite directions.
P I AT
$ used to couple ' twe

L 4a) A uinbuckle with |

. right and Ieﬁ li‘;}n“(j‘ single slaffT %qp__iﬁre threads’ is_us uple’t {
railway coaches. The pitch of threads is 10 mm over a mean diameter of 30mm. The
coefficient of friction is 0.15. Find the work to be done in drawing the coaches together a
distance of 300 mm against a steady load of 25 kN.
b)  Derive an expression for the Angle of Contact in the case of Cross belt drive. [5+5]
OR
A pulley is driven-by a flat_belt-running at. 200~m/minute_speged. Find the. power
transmitted by.the belt, if the' faximum tension “in the belt 15 1000 N. Assiime
““the'coefficient “offriction between the belt arid” pulley siirfacé~as 0.3, ‘and “the
angle of lap is 160°.
b)  Show that for an ideal screw-jack, the efficiency is independent of the weight lifted.

[5+5]

6. Find the centroid of. the composite area ABCDEF shown in figure 2..A circle of radius

~ 05 units has ‘been-cut out. Atriangte and a quarter-circle have also-been cut ot jimq
feosimilar way. o . ARKY ] .
Y

B (6,5}

'--,;l ........ I{:‘ I-:
Y Flz0 £{4,0) x
________ [~ Figure:?s [o-
7.a)  Find the centroid of the plane lamina OAB shown in figure 3.

Y

%

; -
o B{3,0) x




8.a) A locomotive of weight W = 534 kN goes around a curve of radius » = 300 m at a
uniform speed of 72 kmph. Determine the total lateral thrust on the rails.

b)  Write the governing equations for angular velocity and angular rotation of a rigid body

rotating about a fixed axis under the action of a constant moment.

ey frt OR

> rectilinear motion of a of 4 particle is defined by the equaticn x =x,(2¢™ ~&2*
which x, is the initial displacement, £ is a constant, and e is the natural logarithm base.
Sketch the displacement—time and velocity — time curves for this motion, and find the
maximum velocity of the particle.

b)  Define the normal and tangential accelerations of a particle in curvilinear motion. [5+5]

10.a}"""}SE§5'fé' and prove th¢. Work e:zea'gy‘-;tl;:éa.?f6111. el iy £
by In.a spring — miass vibrating sysiem, the natural frequency of vibia

........... -[]a,l:i"
the value when a second spring is added to the first spring in series. Determine the

stiffness of the second spring in terms of that of the first spring. [5+5]
OR
11.a) A wood block weighing 22.25 N rests on a smooth horizontal surface. A revolver bullet
weighing 0.14 N is shot horizontally into the side of the block. If the block attains a
Vvelocity of 3 m/s, what was th e muzzle velocity of the bullet? "

_ ion is reduced to

~“Derive the e;gprés{@ioﬁ for the ;naﬁij:zlf"_}ﬂ'equency--6'[%2"“\';‘i"l';')ration of_.a'}sl ing — mas;é..»s}ys_r M
Wilh.oul da]‘nping. g e B IVENETRO R N Y. rgian! v [ T [5+5]:

_._,,.(;0000_-_ o




