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¢S (MAIN) EXAM, 2010
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bo. Ly

MECHANICAL ENGINEERING

Paper |
Time Aliowed ! Three Hours Maximum Marks @ 200
INSTRUCTIONS

FKach question is printed both in Hindi and
tre English.

Answers must be written in the medium
specified in the Admission Certificate issued
to you, which must be stated clearly on the
cover of the answer-book in the space provided
for the purpose. No marks will be given for
the answers written in a medium other than
that specified in the Admission Certificate.

Candidates should attempt Questions 1 and
5 which dre compulisory, and any three of the -
remaining quesiions seleciing at least one
quesiion from each Section.

The number of marks carried by each
qguestion is indicated at the end of the
qguestion.

Symbols [ notations carry their usual
meanings, urnless otherwise indicated.

Ifany data is considered insufficient, assume -
suitable value and indicate the same clearly.
Newton mayv be converted to kg using the

equality 1 kilonewton (I RN) = 100 kg, if
found necessary.
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SECTION A

1. (a) The state of stress at a given point in a loaded

component is given by o, o, and T_, and the

¥ ¥
principal stresses at the point are o4 and o,. If the
new axes at the point are changed to X’ and ¥’ such
that state of stress w.r.t. the new axes are o, ©

and T

v
X'y
(1) Show that :

Gx-I-D'

y=0'x.+0'.=(31+52.

¥
(11) Sketch the Mohr’s stress circle for pure shear
stress state and bydrostatic state of stress.

(111) A cast iron bar of 30 mm diameter and 1 m
length is subjected to equal and opposite
torque T applied at its ends. If tensile
strength of cast iron is 80 MPa, what is the
maximum value of torgque T ? Show the planec

of failure for the applied sense of torque T.

(b) (1) A hollow shaft whose internal diameter is
half of the external diameter is subjected to
maximum bending moment of 2 kIN-mm at a
section and constant torgque of 4 kN-m all
along its length. If vield stress of the shaft
material is 280 MPa and factor of safety is
3-0, what should be the minimum safe
diameters of the shaft ?
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1. (37) % 9@ wes & ot fauw v fag w wfdser
AT H o, o, A4 T, , TR = fHar 8 9o
39 fag W g Jfaad o, 99 o, § | A€ 39
fog WX AU 37f S 9GS x 99l y Y feAar S
S 3w fag w ufdes sawr &1 39 99 o

% 9 o, o, A& T, U W T,
(1) fag =ifsig - 6
Oy + Oy = Oy + Gy = G + Gy

Gi)y Y& IOwu Afaad aaTen 9ur satdfas
ufqaer st & faw Ak dfass g9 =)
FART | 3
Gi) fREl 30 mm =W & TTEl AR HB 1 m &l
B¢ & A0 W s w3 fauda feymed
H wengel T o mEr g @ 1 Al ' ear e
& a9 "l 80 MPa 2, a9 siomEol T &
oy O Far & ? o 9 el T
H fewmsll F faw o wage =)
IESELEL 3
(F) () T @Ed 9we, fogewr stafs =g T
T H ST 8, & fopdt ufit=de WX 2 kN-m
& IYFHaH v 3ol o1 Wr € 991 IS
HYol &&E 9X 4 kN-m &7 THAHA SSTo]
AT T 2 1 afe Yive e &
! WS 280 MPa 8 T &N TUIE 3-0 8,
| 99 Ji9e & —gAd9 g = wig sifsg 1 9
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(ii} What is the difference betwcecen centrifugal
and inertia type of governors ? Which one is

more sensitive 7 Why is the former preferred

1o the latter ? 3

(c) (1) Distinguish between the pressure angle of a
radial cam and that of a spur gear, with the
help of a sketch.

(ii) What type of motion is performed by a point
on the surface of a football reolling on the
ground and a point on the surface of a nut

moving over a threaded boit ?

(d) Distinguish between Eutectoid and Eutectic, in the
case of Fe — C system. Give the composition and

the maximum temperature at which eutectoid and

cutectic arce formed. 14

(e} (1) A solid cylinder of mass m and radius r starils
rolling down an inclined plane. What will be
the velocity of its centre of mass after it has
come down by 3 m vertically 7
(Assume g = 9-81 m/s?)

C-DTN-K-NFA 4 [Contd
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Gi) 3T AL 99 Siod a4 & 9.9l H
FOT 3T ® ? HaW uw sius A e
g 7 g F e g'en I fuw= g

g 7 3
() 1y =3 a7 g = B9 &0 a9 o= =
R & o @ivhl § 9g & WE SHifsg | 8

Giy A NE Fodiad FHT W ded ufa 7§ &
da ITF g8 * R fag &, a9 g
Mo W g Jet 72 F g8 W R fag
F Tfa 9 =R & g g ? 4
(Y Fe-C @3 & ded O glaeiss aar s B
A & WE FfSW | 3G W¥ed d@w Id

ﬁwmaﬁmmmmw_
faes aq4d 8 12

(?I)(l) T aﬁ@ré'aﬁ%rﬂ?ﬂw'mam
srefemm » 2 ol o g 991 W A= = 3R
WW%IW%EW:Em:ﬂ%WEH
ST 8 99 §9% AW s S 9 fRdAn

B ? (T SARIT g = 9-81 m/s?) 4
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(i1)

The crane shown in Iigure above is supported by
cables BD and BIE. The distances marked are in
m. What are the tensions in the cables BC, BD
and BE, when BC is parallel to the x-axis ? 8

2. (a) A hollow shaft is subjected to a stecady bending
moment of 40 N-m and twisting moment of 50 N-m.
Outer diameter of the shaft is twice the inside
diameter. Calculate the diameters of the shaft
using ASME Code for transmission shafting on the
basis of maximum shearing stress theory of failure. 30
‘Take :

Yield point stress in tension of
shaft material = 280 MPa
Factor of safety = 2-0
Combined bending and fatigue shock factor = 1-5
Combined shock and fatigue
factor for twisting = 1:0

C-DTN-K-NFA S [Contd.]
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(ii)

TR femm e oy § 9 & &S BD 99T BE
0 EiRa fem Tar 2 ) Mifeea A m W T
S BC, x-3181 & WL 8, a9 Hiadl BC, BD 991

BE H febaar == avm ?

2. (37) Tsh WEA IIFE G 40 N-m &7 el sieha
mufammrq-maﬂnﬁ—éramgﬂ’imm%:
Jiue &1 ad &g 3ITS e e &1 AT
2 | ffywan oTywyer. Sfaao-ffn fagia &
AT 94X YREU] I & ASME HI€ &I TAT Hld

BC TiUE & = Wt T ST |

?ﬁ'ﬁ‘l"{: : .
Yiue e & a9 # W fag Shas
A& TUTH = 20

HY<h seh 99l Hifd 3MET 0T = 1-5

30

= 280 MPa

%m@mw-nﬁéﬁﬁqgro
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(b)Y (1) What is a quick-return mechanism ? Give its
types and applications. How is the ratio of
time of cutting stroke to return stroke
calculated for a slotted lever and crank type
of gquick-return mechanism ? Explain with
the help of a neat sketch. i5

(11) Which type of epicyclic gear train is used for
rear wheel drive of automotive trucks ? Show
that rpm of the propeller shaft is
arithmetical mean of rpm of two rear wheels,
whilc negotiating a road curve. i5

3. (a) @)

Figure shows a polyspast lifting a weight Q
equalling 1000 N by another wgaight of P
equalling 300 N. Neglecting friction and the
masses of the pulleys and cables and the
imclinations of cables, determine the distance
moved by Q in 2 seconds from start. 18

C-DTN-K-NFA 8 [Contd.]
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() G

(i1)

C-DTN-K-NFA

ga-afaedid dxEe 541 8t @ ? s8% AR
TUT AT HT IooiE FHfeg, | Gifgd gt
qT FHeoh 9T F_ ga-Ufaada dEEen § wdaa
=i H o 9t 9ug 997 afagadd 2% &+
WO H AT 0 99 5 Sar @ 2 O
o TR TE Sy |

N

Q
a3 o us dieiure fegrar 7=n @ S 1000 N

QH TH TH 300 N IR P J§ =W
33T Wl 8 | ayur, fEfadi aur sfae &
T W [ & geRId I AN HIEd
EQ 3T ¥ 2 §HhUs UIHEl IR Q T oI &
g g 9 i |
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(11)

Small -steel balls fall from rest through the
opening at A at a steady rate of two per
second. Find the vertical separation h of two
consecutive balls when the lower one has
dropped 5 m from A. 12

(b)) @)

A body A weighing P; descends down an
inclined plane D which makes an angle «
with Lthe horizontal and pulls a load B that
weighs I’;, by means of a weightless and
inextensible string passing over a pulley C
as shown in Figure. Determine the
horizontal component of the pressure with
which the inclined plane D acts on the floor
rib E. . 20
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E&tﬁswmaﬁﬁmﬁmfx@ramﬁﬂﬁ?ﬁ
Ml ofg Gove & o O fn agen 9 =9
e & ¥ | oara MifEa & e Sy
goee €0 h Id Hifee s@ fa=e e

: 12
(&) @

T U AfSEs 9 p, 8, 3=d 99 D U,
S s @ FUT o S48, A" e
¥ I @l 2 3t s g fus B & 59T
a1 P, 7, UF AR Yea a1 7 f@= ot an
ﬁ@wéim@ﬁﬁc%wiﬁaﬂ
S 2 St & fa o fo@rar = 2 ) st
e D wY & i@ E W T 9 F
w1 dafgs g9gs T9 i | 20
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(11} A satellite is orbiting around the Earth at an
altitude of 320 km. Assuming the Earth
radius as 6500 km and both the orbit and the
Earth as circular, determine the speed of the
satellite. 10

4. (a) What is Tin Babbitt ? What is the composition and
major application of this alloy ? How is it different
from other Babbitts ? 20

(b} What is the application of glass fibre reinforced
plastic (epoxy) ? How do these composites compare

with carbon rcinforced plastics (cpoxy) ? 20

(c) Explain the transformation of iron from BCC to
FCC. What properties change when iron changes
from BCC structure to FCC structure ? 20

C-DTN-K-NFA 12 [Contd.]
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Gi) UH 3998 gAl ¥ 320 km Tl Ha@ 9L 3GH]
FuT W oYW @ 8@ 1 gl & HdeA™
6500 km 3T WHUT shell dar gl AL i
Idel Aa gC IUTE Sl |l Wi &S 1y 10

4. (a7) fzm dfde = € 7 3w Thsarg &1 @EeA q&
TEH W ST W § 7 ug ot el |
forg S s 8 2 20
(F) Hia-dq vafad wifes (ThiE) & ATt &4
g ? 3 uftmy wggt & go sEA sEfed
| s (quia) ¥ PR Yo Y o7 TSt & 7 20

| () Wil & S ¥ T L El @A ¥ Uil

F Wy Hfew | ik F oALEHE @ 9

T HLHL g H 9iEda 3 ¥ sAw o

qeel S & 2 20
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SECTION B

5. (a) Compare “Work Sampling; with ‘Time Study’. When
are they used for calculating standard time of
performing short cycle jobs ? Give respective areas

of application. 12

(b) XYZ Corporation has a production (and sales)
capacity of ¥ 10,000,000 per month. Its fixed costs
are ¥ 3,50,000 per month and the variable costs
over a considerable range of volume are ¥ 050 per
Rupee of sales.

(1) Determine annual break-even point and

develop break-even graph.

(ii) Determine the effect on break-even point if
fixed costs were decreased by 10% and the
variable costs per unit are increcased by the

same percentage. S8+4=12

(¢) 1In a metal cutting operation, the {ollowing

equation for tool-life was obtained for H.S.S. tool :
v 79013 £0'6 +0-3 _ '

Given that : tool-life (T) = 60 min,

cutting speed (V) = 40 m/min,

feed (f) = 0-25 mm/rev,

depth of cut (t) = 2:0 mm.

Compute tool-life if speed, feed and depth of cut

are together increased by 25% and also if they are
imcreased individually by 25%. iz

C-DTN-K-NFA 14 [Contd.}
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EUE &

5. (1) ‘&= Afagaq’ & gon C‘-hlc'1 eI’ o aﬁﬁa’q r
H WA B % g Siig fasgea ?q O
R K o & fow w9 fewr S € 2 s
39 ITAIART & B qARY | 12

(F) XYZ HARIE H  IOEA (97 fGsFg) smen

Z 10,00,000 3fa ATE @ | TS LR &9 2 3,50,000
yfa g 9 9iEas arTd O 9| a9 3adT 9uy
e zoso fassa s sfasagan 2 |

(i) sﬁf%fqaﬁaawﬁﬁlr_@‘c:(WW)
fag sa Fifsw dor o R (I
wY) A% fa=wfag swifsa |
(Gi) IO frer arral § g9 wigsa = & & e
@amqﬁaﬁwﬁﬁm:{ﬁfﬁiﬁ
sfaga gfg @1 1€ &, du 3 d o=k
(I &) fog O 397 999 g 7 8+4=12
(|) urq Kdq dear ®, I=9 O THIE (UELEH.UE.)
= & fau frafafga sism-omg aiEer s
fepar =T 2
VTOleOGLOS C.
fear 1 2 @ SA=R-3T (T) = 60 min,
ﬁq%n?rrw) 40 m/min,
HH{UT (f) = 0-25 mm/rev,
HaA T@_ﬁ: (t) = 2:0 mm.
i =e, WWUT 3 Had MeUs & TH-9i™
25 Wfazg J1 fear s ik afg g9 safwa &9
| A 25 ¥ S ST, 99 SR-3g &) oA
' ShifSq | 12

C-DTN-K-NFA ' 15 [Contd.]

i & Download FREE UPSC E-BOOKS _,Eﬂ,



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

Get

C-DTN-K-NFA 16 - [Contd.

& Download FREE UPSC E-BOOKS (&

Printed Study Notes for UPSC Exam - https://iasexanportal.com notes

(d)

(e)

{(a)

(b)

What is the difference between hole basis system
and shaft basis system 7 Why is hole basis system
the more extensive in use 7

What are the differences between
interchangeahlity and sclective assembly ?

Why is Total Quality Management (TQM)
important ? What are the benefits that can be
obtained by applying TQM in the software
industries 7 What are the principles of TQM in
such applications ?

What are the various five fuel gases used for gas
welding ? Give their chemical composition, formula
and specific hecat content. Indicate . also the
maximum temperature reached in the respective
flames. What percentage of oxygen is supplied by
the torch in any one of the fuel gases ? Give the

chemical reactions in the various zones of Lhe

neutral flame.

How are metal tooth-paste tubes made
commercially ? Draw the tools configuration with

the help of a neat sketch.
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() oz snufta vgfa am Swe smuia osfa | s

FAar 2 ? fom sufid usfa =1 otfus =9
TGET = erar @ 7

HafSFiaar 997 gaaeTs 9aaEad H R 3N

IaF ? 72
() TES ToTEEr SEaE (L) F4 Hewqul JiE

SEr 2 2 ufpw-wmE (Wieeam)  SEen A

AFa. AR F T AT T Ry ST EeRd

¥ 2 UR ergwart H A wH. & = Hsia %‘*’? 12

6. (a)ﬁaaﬂﬁméﬁwﬁﬁﬁwsmﬁ%

FE § ? 3% oo dued, ¥ 99 fGfeE

T HEI dGensT | S mlmtﬁa‘fq?{af‘a?ﬁaq

ag &7 9 SeuiE Hifee | zan 4 fE @ suH

g & fau =9 o0 9 S ST gret ST

=1 ufaea mEr fGRadl 8l 8 2 ST SEren %

fafgsr & ¥ 89 aen ugEafas afufwraredl =i
SATST | 30

() H@ﬁzmz@ﬁmwm%ﬁ

aﬁmm%?mﬁaaﬁm@mm
aitere fa=~mE =913y, | 30
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Nlustrate with the help of neat sketches the
differences between open-loop and
closed-loop control in NC system. Why is
feedback ﬁot possible in open-loop control

system ?

In open-loop NC systermm the shaft of a
stepping motor is connected directly to the
lead screw x-axis of the machine table. The
pitch of the lecad screw is 3-0 mm. The
number of step angles on the stepping motor
is 200.

Determine how closely the position of the
table can be controlled, assuming that there
are no mechanical errors in the positioning

system.

Also, what is the required frequency of the
pulse train and the corresponding rotational
speed of the stepping motor in order to drive
the table at a travel rate of 100 mm/min ?

C-DTN-K-NFA 18 [Contd.]
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(b (1 Determine the trial central line and control
himits for a p chart using the following data,
which are for the payment of dental
insurance claims. Plot the values on graph
paper and determine if the process is siable.
If there are any out-of-control points, assﬁme

an assignable cause and determine the

revised central hhne and control limits. 15
Number Number
Number Inspeciea Noreons | UITUAP peciea  Noncon-
1 300 3 14 300 6
2 300 6 158 300 7
3 300 4 16 300 4
4 300 6 17 300 S
5 300 20 18 300 7
6 300 2 19 300 5
7 300 6 20 300 O
B 300 7 21 300 2
9 300 3 22 300 3
10 300 0 23 300 6
11 300 6 24 300 1
12 300 S 25 300 8
13 300 5 |
C-DTN-K-NFA 20 [Contd.]
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e 9 W 3ifea Fifsg agr gasyg fe ==
T Rl @ 1| Ot e fag friyer § s
g, o fAdyy &Nur # @meq Sd U

FHife | i5
Iagt S w1 fawiug Iqat S H fawiag
1 300 3 14 300 6
2 300 6 15 300 7
3 300 4 16 300 4
4 300 G 17 300 5
5 300 20 i8 300 7
6 300 2 19 300 o
7 300 6 20 300 0O
8 300 7 21 300 2
9 300 3 22 300 3
10 300 0 23 300 6
11 300 6 24 300 1
i2 300. 9 25 300 8
13 300 S
C-DTN-K-NFA 21 (Contd.}
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(i1} Determine the trial limits and revised control
limits for a « chart using the data in the table
for the surface {inish of rolls of white paper.

Assume any out-of-control points have

assignable causes, 15

Nember SETE momeon | Lol SamPe Nomeon.

formities formities
1 10 45 15 10 48
2 10 H1 i6 11 35
3 10 36 17 10 39
4 9 48 18 10 29
D 10 42 19 10 .37
& 10 5 20 10 33
7 10 33 21 10 15
8 8 27 22 10 33
o 8 31 23 11 27
10 8 22 24 10 23
11 12 25 25 10 25
12 12 35 26 10 41
13 12 32 27 9 37
14 10 43 28 10 28

In both cases assume 3c himit,

C-DTN-K-NFA 22 [Contd ]
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Giy T FS F VG H ge uitmia & fog
aThe T areeRl o g g € 39 aTwel
F FAT TG L TH oo A2 B fag SA=
Td gz doifya fFRiEer Sl & 3§

FHifsa | 15
7T wfaest & . afaest <
1 10 45 15 10 . 48
2 10 51 16 11 35
3 10 36 17 10 39
a 9 48 - 18 10 29
5 10 42 19 10 37
6 10 5 20 10 33
7 10 33 21 10 15
8 8 27 22 10 33
9 8 31 23 11 27
10 8 22 24 10 23
11 12 25 25 10 25
12 12 35 26 10 41
13 12 32 27 9 37
14 10 43 28 10 28
Eﬁ:ﬁ"rﬁtﬁﬁf H 3¢ HHEr 1qﬁeﬂ1 I.
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8. (a) JIT, Toyota Production System (TPS) and lean
operations sustain competitive advantage.
Distinguish among the three. Secondly, discuss
how effective JIT contributes to competitive

advantage. Thirdly, identify three core components
of TPS. 5+20+5=30

(b) A cost matrix is provided, here amount available

exceeds the amount required.

D, D, D, D, | Available

S, 8 9 3 7 130
Sy 3 6 8 4 180
S, 7 5 4 5 240
S, 8 7 2 6 160
Ss 5 4 2 9 90

Se 8 4 4 3 120

Required{ 300 100 150 200

(i) Using Vogel’s Approximation determine
| initial feasible solution. Give all assumptions

and provide clear sieps.

(11) What is total transportation cost ? How can
this be checked for optimality ? Show one step
only. 20+ 10=30

C-DTN-K-NFA 24
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8. (37) JIT 2¥IE] WseyH fa=w (31.9.ug.) dar 37cq
T offaer ufaeqdf ey 2 ¥ 1 g9 Ot §
AR Wy Sifew | fFEuaa Sise & oS JIT
ufgerf oy § 9 IreE a1 2 | Al &
W T seshl & 3ol Sied | 5+20+5=30
(@) TH ormg tfesm = K v 2, I8 W i
EYas iy O fys 2 |

D, - D, D, D, qr
S, 8 o 3 7 130
S, 3 6 8 4 180
S, 7 5 4 -5 240
S, 8 7 2 6 160
Sy 5 4 2 9 90
Se 8 4 4 3 120

JMEYAS | 300 100 150 200

Gy A QiEeed H TAFT Fd gE RN
GHTT A AT HifSQ | 9 Hehou STl <l
Ioo@ HifST dg1 ggl & WE &S |

Giy d UfEed ara fRar 8 7 sHS sEaRdr
F fow Sfg 9 ) ST 9S4 8 2 F99 U
g = fg@rsa | 20+10=30
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gifae s-snfaad)
9eH-uA I
HHT ;o gUe quifds : 300

g
gedds Fo fe<t 3k 3/ast @97 F war & 7
geq & 3Ju] 34 mregy 4 o e e
ora@T 3ooiea 39 §a3Sr-gy ° foear war &
3R 59 HIEZH &HT T Iooid IOR-gIad >
o gt G Fifesar [Hidwe v g fsar ST
IR | 4a97-9F 9] 3fcoifad #regd & 3falks
317 135+ qregE ¥ R ne 397 97 B 315
Tt faer
o gvgr 1 3R 5 3ifqard & 1 st gt &
ﬁmwﬁm#mwmw
fas==t &7 moar &5 39 5T/
yc—e??més%yﬁaﬁﬁmasmﬁfaz}
e &
gdla/dasa gafcia 3reaf H uges & sr=rer
fAlae & 1
gia Pt 3iies gaia wdkd &, ar 3fua g
G RATGT B ciifore Fer 3901 [Hidee 5w |

gfe snaeas & ar 1 fee=ges (1 kN) = 100
fe T (100 kg) & 3TENR O geT &)
faserara o gRafaa fasar s Taar &

Note : English version of the Instructions is printed on
the front cover of this question paper.

& Download FREE UPSC E-BOOKS ,‘,Eﬂ,



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

