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MATHEMATICS (PAPER-I)
Time Allowed : Three Hours Maximum Marks : 250 II

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please read ecach of the fuﬂandng_ﬁsm;:ﬁnnz carefully before attempting guestions)

There are EIGHT gquestions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all,

Cuestion Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Anawers must be written in the medium authorized in the Admission Certificate which
muizst be stated clearly on the cover of this Cuestion-cum-Answer [(QCA) Booklet in the

space provided. No marks will be given for answers written in a medium other than the
authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of gquestions shall be counted in sequential order. Unless struck off, attempt of
a guestion shall be counted even if attempted partly. Any page or portion of the page left
blank in the Question-cum-Answer Booklet must be clearly struck off.
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HUE—A [ SECTION—A

1. (o) #FA #ifel fF A 0% 32 =@ % 30 B 7% 2x3 WoE B i B C=A-B T
Hegrmn e ¥

Let A be a 3 x2 matrix and B a 2x3 matrix. Show that C= A- B is a singular
matrix.

() s afEl e, =(L0) MM e, =0 ) F oy =2 - Wo, =Ly T mm sl
=R it |

Express basis vectors e, =(,0) and e; ={0, 1} as linear combinations of
gy =4 —1) and o, =(1 3).

fe) ﬁﬂf&ﬁﬁﬁi‘rﬁiiﬂcl—zﬂ:animmﬁmﬁmﬁaiﬂsmwmﬁﬂmwﬁ il el
T T it |

Determine if 1im1|:1 — Ztan ? exists or not. If the limit exists, then find its value.
=t

=1

fd) '-Eﬁ'HThm—Z 2 1 uE 7 Ef |

n —h=

Find the limit lim — Eﬁfn

R g2 =0

e e x-1_wu-1_=+tl

=t FEAAA x +y+2z = 6T TET0 3 Hifd)

e}

x-1 _wy-1_=z+l

Find the projection of the straight line ="

on the plane

X+p+22=0.

2. (o) W AN B UNEY nxn ASE B, 9 200 FE o3 oA U o A B

Show that if A and B are similar n xn matrices, then they have the same
gigenvalues,

) o5 (1, 0) & grer y? = 4x o F =g g0 A fifE

Find the shortest distance from the peint (1, 0) to the parabola y*
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fcl ﬁiﬁx—:+i—2=1rm%iﬁmwﬁmmm%wﬁmﬁﬁmmmmﬂﬁﬁ|
ir§

p 2
The ellipse x—z b ,!.I'_z = 1 revolves aboutl the x-axis. Find the volume of the solid of
a b
revolution. 13
fd)
x+hy+oz+d, =0
X +byy+caz+d, =0
#Hn z-#9 F =9 ) = gl m Fifad
Find the shortest distance between the lines
ax+bhy+ezed =0
ayx+byytegzed, =0
gnd the z-aods. 12
A, (o e wiwm FEm
X+3dy—-2z=-1
Sy+3zw= -8
x-2y-5g=Y
* T Tuifm 1f & Fratafiss e 9 3 399-3 99 ¢ o =9-8 79 .
fiy et e o w o wm Tl B
()  werE e w EE E s R
i) Wi fepm W awia o 0 aeE B R
For the system of linear equations
x+3Yy=2zm=]
ay+3dz=-8
X=2y=-5Zz=T
determine which of the following statements are true and which are false :
{it The systermn has no solution.
fiif The system has a unigue solution.
fiff The system has infinitely many solutions. 13
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(b}

fc)

(d)

= i

fle th=xy®, 3R y>0
=-xy°, A" y=0O

ﬁmﬁaeﬁﬁﬁﬁ%ﬁ 0, 1) #ir %p}. 1) # & T wftam & o fews sifevs 6 1
N

Let
flenw=xy®, il y=>0
=-xy®, if y<0
; ; df af ! i :
Determine which of B {0, 1} and a—[ﬂ, 1) exists and which does not exist.
X I

WA (x+ 1+ 2)2x +y—2) =6z F T 7% WA F wE F= ww fREE, S b
(1, 1, 1) § 9 e §

Find the equations to the generating lines of the paraboloid
(x+y+E){2x + Yy~ 2) =6z which pass through the point (1, 1 1).

xyz-wAe A 8w, B (0, 0, 0), (0, 1,-1), (-1, 2, O) ¥ (1, 2, B) A S
et = wirEm W i

Find the equation of the sphere in ayz-plane passing through the points
0, 0, 0), (O, 1,=1}, (=1, 2, O) and (1, 2, 3).

FAd [2, 3] x? -5x? +4 F wfiwmm 0 w99 3w FfE

Find the maximum and the minimum values of x* -5x? +4 on the
interval |2, 3].

nma&ag ¥ mEﬂqﬁﬁmﬁiﬁ|

xin x2 4 7

; x  xdydy
Evaluate the integral E-[tfa m

I\ g, Famm ol (0, 0, 1) ¥ v foe Fiwm o 2x? - y? =4, z=0 &, =1 o
A it

Find the equation of the cone with (0, 0, 1) as the vertex and 2x° —yi =4, 2=0D
as the guiding curve.
3x-y+3z=8F U o @ (1, 1, 1) § 9 0 7@ e 1 W am e

Find the equation of the plane parallel to 3x-y+ 32z =8 and passing through
the point (1, 1, 1).
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=EE—B |/ SECTION—B

5. (a) ¥ Hil=E/Solve ; 10
yu_y=xieﬂx
(B x=3t y=3t2, z=3t? wFEm 99 9% F = oawm fam W owsitm v
y=z-x =0 % #fra w wm g Ffifed)

Find the angle between the tangent at a general point of the curve whose
equations are x =3t, y=3:3. z=3t" and the line y=z—x=0. 10

fe)  wE FiTE [ Solve 10
Yy -6y" +12y -8By =12e2* 427 a™*

@ i Sfi= %aﬂﬁmmmﬂﬁm
1

Find the Laplace transform of fif) = —.

Wt

2
587 43518 o faci sy s g
(5-1)Is-2}5+3)
2 e
Find the inverse Laplace transform of 55~ +35-16 . 10
(-1){=-2){s+3)
fe) mamF P i o dm A ddgdiw i ain
oot Sed B %, WG B O S R IOW 9% W S A WOTEEE 8 o g Al
uge R R, A e i I g i)
A particle projected from a given point on the ground just clears a wall of
height h at a distance d from the point of projection. If the particle moves
in a vertical plane and if the horizontal range is R, lind the elevation of
the projection. 10
6. fa} 'R R/ Solve ; 13
2
dy] ey
— L R 0
[dn: g 1
B mE M TEATRE im aE TR e, SRR A . o, R wm A
FAT: vy, A v, B IHE TR F aEdE e il
A particle moving with simple harmonic motion in a straight line has velocities
t, and v, at distances x; and x, respectively from the centre of its path.
Find the period of its motion. 12
fe) @ il f Solve : 13

y"+16Yy =3286c2x

EGT-P-TOTH/7 5 [ B.T.O.



(d) = EE k2 +yt 427 =a® TUE SR, T M F A TR w0

[Jlx + 2) dydz + (y + 2} dadx + (x + y) cledy]
=

R EREC e

If &ig the surface of the sphere x2 l-yz 22

= ﬂﬂ, then evaluate

H|I_.1-: + 2) dydz + (y + 2) dzdx + (x + y) dody|
5

using Gauss' divergence theorem. 12

7. fa) T EfEESolve 13
M+2%y" +(1+ 2y +y=dcos(log(l + X))

({1 B
b 2 T “F %
r=afu-sinui +afl —cosu)j + buk
=1 = i Fgiea wm e
Find the curvature and torsion of the curve

?:ﬂ[ﬂ—ﬂ'llnu]_!'. +u|:1—c:u3u}j+buﬁ 12

fc) W HE
Y -5y +ay=e*
yi0) = E. y10) =§
1 el i |
Solve the initial value problem
y" -5y +4y=e

: .t [ B
H[D}_lg: H[D}“S

13
(d) o 30 pH, mE Oy o dy? + 3xdx - Bxy +2x%) dy = 0 T TF BECH
s 8, 3 i ol wdem we il
Find o« and P such that a%%" is an integrating factor of
1-1-y2 +3xg}dx—[3xy+2x2:|dy =0 and solve the equation. 12
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— el —F o —F —
8. (o) TAEFRATETD =i +vyf +ugk BB T curlfeurl ¥) = grad (div o) - 2 7.
— —+ -+ —F i F —
Let v sani +vg [ +Ugzk. Bhow that eurlicurl v) =g;su:li,u:l'w:.r]—‘lra"a . 12
(b} HR W W oEwE W E O e [-yldes xdys 2de = owR Fefad)
C

ael Tl % s y? =1 N WA x+y+ z=1F WiEdE C B C R wEREE oowmEe
T amrEd WA % e B

Evaluate the line integral I—y“d:r+x3dy+ z3dz using Stokes’ theorem. Here
&

C is the intersection of the cylinder x* +y? =1 and the plane x+y+z=1
The orientation on C corresponds to counterclockwise motion in the xy-plane. 13

() TR AR F =T +ly+x) ¥ F v wm osre w0 g e Sgatn 8 590
y=x? 3Ny = x5 viEE 31 W (VR F) - k # aer i)

Let E - .tyj_i' + 1+ x]]l'. Integrate [V :rr.ﬁ}- i:' over the region in the first quadrant
bounded by the curves y= x? and y = x using Green's theorem, 13

d) ), Pk fd wie 2xe? +3y?)dy +Bx? + flu))dx =0 9um= &, 3@ il in
7 i |

Find f{iy) such that 2xe? «3y%)dy +(3x? + flh)dx = 0 is exact and hence solve. 19

ok
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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions.

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH,

Candidate has to attempt FIVE gquestions in all,

Questions No. 1 and 5 are compulsory and out of the remaining, any THREE are to be
gttempted choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must
be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space
provided. No marks will be given for answers written in a medium other than the authorized
One.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meaning.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
guestion shall be counted even if attempted partly. Any page of portion of the page lefl blank
in the Question-cum-Answer Booklet must be clearly struck off.
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1.{a)

1.(b)

1)

1.(d)

1.(e)

LCLEARY. & SECTION *A°

T dfifan, R Aeens weae Aiea uw idE wm @ | g B RR) @ 9 o0 v
RAUF THE R
Let £ be an integral domain with unit element. Show that any unit in K[x] is a umt

in R 10

n” H x pr
HETHT ¢ <[——dx< g1 fiag &ifim |

9 sinx 9

i
Prove the inequality : ; -::J' el 2 ' 10
9  gsinx 9
4]

forg Sifm & T ulx, ) = (= 1P — 32 + 32 Team & ofl 563 woaRt @y
F1 3k "@a fawfis w9 ) 91, 2 & =9 # 75 S |
Prove that the function: wix,¥)=(x—1)—3g*+ 3? is harmonic and find its

harmonic conjugate and the corresponding analytic function f{z) in terms of 2. 10
p(=0) = 7% yow wm Sifem, fes fom d

I B 1 . 1
(1+a)® (2+a) (B+a)”
(i) Fresrere: sl e (i) e sfaEl 2 |

R - |

Find the range of p(=0) for which the series :
[ I
(1+a) (2+a) (3+a)’

(1) absolutely convergent and (ii) conditionally convergent. 10

U FU T F Y 180 7 AT 94, 250 24 WiEhe T 220 T Te § |
o = uErdl & wEw: 30304 % s # w1500 v wf o & A A
AT 2:4:2 % o # few w1200 T AR e % oAATE @ 99 9l | o
i -vime wen wem difwn, S g i sfirem g ww wE % fo,
w7 femit $r fras 21 5 dAw S e =i |

An agricultural firm has 180 tons of nitrogen fertilizer, 250 tons of phosphate and
220 tons of potash. It will be able to sell a mixture of these substances in their
respective ratio 3 :3: 4 at a profit of Rs, 1500 per ton and a mixture in the ratio

2:4:2 at a profit of Rs. 1200 per ton. Pose a linear programming problem to _shuw
how many tons of these two mixtures should be prepared to obtain the maximum

profit. 10

cany @) 18
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2.(a)

2(6)

3.(a)

TR TR (R, +) FiggEl ZF fam wg, | 9w W v 99 WA dems
& U TR ¥ gl € # | 7el WOR, Awatas Sensl o eeed g o
Z quienl & w4 E |

Show that the quotient group of (iR, +) modulo Z is isomorphic to the multiplicative
group of complex numbers on the unit circle in the complex plane. Here IR is the
set of real numbers and £ is the set of integers. 15

Trferfirm Yas wams wwen =t Big M & 3 == Fifvmo 7 gerfen & waem &
aftfie seam wa & | o @ Sew WA W oww A e Fifem
AT HIAT 2 = 3x, + 5x,
7y R x +2x, =8
31'.1‘212?—‘]2
5x, + 6x, < 60,
I!,I_zan.

Solve the following linear programming problem by Big M-method and show that
the problem has finite optimal solutions. Also find the value of the objective
function :
Minimize z = 3x; + 5x,
subject to x; +2xy, =8

3x, +2x, 212

5..'-l'| + ﬁ.]-'z = 0,

xp,x;3 =0, 2

guitzn & o R & T w0 (a, 6) ® fonfts oo r=ng &, o1 98 599 % |
T & T guiEe R aft fage swom w9 f ad 7 9, 99 sEne we W dgad
B AT T R |

Show that if a function f defined on an open interval (a, b) of I is convex, then

f 15 continuous. Show, by example, if the condition of open interval is dropped, then
the convex function need not be continuous. 15

lﬁ'ﬂfﬁu,ﬂi.xﬁ},'ﬂ'ﬁfﬁﬁjm x)y THAL AR WISGE! 13 % OE ATSEE 13
frefm == € ¥ T T F ad Sfe SowEl |1 e Fifig )

Find all the proper subgroups of the multiplicative group of the field (Z,,, +,1, *3),
where +;; and *,; represent addition modulo 13 and multiplication modulo 13
respectively, 20

3 EGT-D-MTH



3.(b)

3.(c)

4.(a)

4.(b)

mﬁﬂnﬁﬁﬁiaﬁﬂﬁﬂﬁsmﬁm%'f z'i: z

= , a=>0.
L (x +a’) 4’

dx =
1]1—453,&::!1.

Show by applying the residue theorem that _I'[ 15
0

Il+ﬂ
i i & teea: @aT gred # e syl wa § 7 = of @ Tm
=ifam |

2% — X3+ 33+ x4 =0

How many basic solutions are there in the following linearly independent set of
equations ? Find all of them.

4.]:! —21'2 -.1:3+21'4=J:ﬂ'.

o difn 5 R ol Gty densl @ agewa § A R—R T e # R
Tt x,yeR & fau Frafafea adfeor s g €
(i) flx +y) = flx) + f{y)
(i) flxy) = flx) S
zufzy fF @ wxeR F P @1 T AD=0T fly=x T

Suppose IR be the set of all real numbers and f: R—IR is a function such that the
following equations hold for all x,y R :

(i} fix +y) = fix) + fly)
(i) o) = fix) S
Show that »x € R either f{x) =0, or, flx) =x. 20

!
e A6 %1 FreEfm o6 aF | At wa i, =

() |zj=<1
(i) 1<|z|<2
(iii) |z|>2

15

Find the Laurent's series which represent the function zl when
{1+z"Kz+2)

(i} |zl=1
(i) l<lz|<2
(i) |z[=2 : 15

EGT-D-MTH 4



4.(c)

5.(a)

5.(b)

5.dc)

wF S # ufg w=wER 0, 0,, 05, O, O 791 9= J3fA M, My, Mj, My, M5 2 |
gienen owmE, @@ 6 O, wEEE M, (i,j=1,2, .., 5) ®f @ aREew s g,
#t ik § | afm s wie @ B o, #t dredlt mefm M, =1 ofeem w1 T o, |
qreet WA M, TR SR o e e o Hedl & | A6 ARG A a
2 | zeew e om sEew faow =0 am s Fi |

I
Machine

M, M, My M, M,

O, (2429183219

gerer 02| 17]26 (3422 | 21
Operator 0O, |27 [16| 28|17 | 25
0,/22|18|28]30]24

O 28|16 |31 |24]27

In a factory there are five operators O, 0, 05 0, 0; and five machines
M, M;, M;, M,, M. The operating costs are given when the O, operator operates
the Mj machine (i, j =1, 2, ..., 5). But there is a restriction that O, cannot be allowed
to operate the third machine M; and O, cannot be allowed to operate the fifth
machine M,. The cost matrix is given above. Find the optimal assignment and the
optimal assignment cost also. 15

dgus ‘B’ SECTION *B’
g o + Ayt + 42 =4 F T A wl-ae F e A dEee Wi
st i, S xy GEEE & eheEd AE § |

Find the partial differential equation of the family of all tangent planes to the
ellipsoid : x2 + 4)2 + 422 = 4, which are not perpendicular to the xy plane. 10

e & s e 8 P wweg e, T o s o =1, e =9,
uy =25, uy =55 99T us =105 e maw 7 |

Using Newton's forward difference formula find the lowest degree polynomial u,
when it is given that w; =1, u; =9, u3 =23, uy=55 and u; = 105. 10
TH aEdiEg o WEE F U 9 (wew) F S 9EF w=x2+22+322 1
v=xly gz +zy fom o & 1 F Fet gmw w w oo e wfE 3 e
Al F GE W | W & zAeh o A we i |

For an incompressible fluid flow, two components of velocity (u, v, w) are given by
u=x%+ 22+ 322 v=rxly— iz + zx. Determine the third component w so that they
satisfy the equation of continuity. Also, find the z-component of acceleration. 10

5 EGT-D-MTH



S.dd)

S.de)

6.(a)

6.(b)

Frwr s=e & WO B S U Tl & tRar (el s 6 faftm ot (e
#) w frm ool w4 o R

formee % 1 fom % wome @ wew @ 20 fimel @ =<l o afaee o (fef. @)
miﬁlﬁt{l

wa (fime) 2 | 4 6 ( 8 |10|12 |14 |16 18| 20
Time (Minuies)

AR (Feft/s) |10 (18|25 (29| 32|20 11| 5] 21835
Speed (Km/!h)

Starting from rest in the beginning, the speed (in Km/h) of a train at different times
{in minutes) 1s given by the above table :

Using Simpson’s -:}rd rule, find the approximate distance travelled (in Km) in
20) minutes from the beginning. 10

TR : xer— 1 =0 F Far=-fafy & g, cwvee & 4 9 95, o9 70 & fom,
ey trenfimy fafi )

Write down the basic algonthm for solving the equation : xe*— 1 =0 by bisection
method, correct to 4 decimal places. 10
sifdren saeer wetam

(W =2xf)p + (2 ~xly)g = 92(x? = ), &,

2 oz
el p= 3
H# qw A waeEe 9e w0 e Fifa |

Find the general solution of the partial differential equation :

(Fx—2c)p + (A —xiy)g = 92(x¥ —p7),

'ﬁq——% 1 SHTIE Bl A hfU, T S, T =y =1 2= 1

where p =%1 q =§_‘? and find its integral surface that passes through the curve :
- b 4
x=Ly=itzz=1, 15

aetfefan wEmst & wgedl @ 9ae wme g o fafie den wgh A, om
#ifeng |
(i) (111011-101), T ZIH=a Tgd A
(i) (1000111110000-00101100), 1 Wsgemea Tgfa #
(iil) (C4F2),, = gywed ggfa #
(iv) (418),, 9t Foomurd wghy #

EGT-D-MTH 5



6.(c)

T.a)

7.(b)

Find the equivalent of numbers given in a specified number system to the system
mentioned against them.

(i) (111011-101), to decimal system
(1) (1000111110000-00101100), to hexadecimal system
(1) (C4F2),; to decimal system
(iv) (418),; to binary system 15
HA ?ﬁ'ﬁl’q firelt wifs-foem = st .
L=4m(ai® +2biy + c5®) - L k(ax® + 2bxy + ey?),

% o AifeE § Wl a, b, ¢, m(=0), k(>0) O € am pP= ac FoEm afa
=1 fafae @ e = wenfao

Suppose the Lagrangian of a mechanical system is given by
L=1m(ai® + 2y + cp®) — L k(ax® + 2bxy + o),

where a, b, ¢, m{>0), k(>0) are constants and 5 # ac. Write down the Lagrangian
equations of motion and identify the system. 20

iy e wete
(2D* =500 + 2D )z = Ssin(2x + 3) + 24(y - x) + > 5 5w Fifig
d o

.ﬂE— e —
el P ;B o

Solve the partial differential equation :

o d
h De—  [NVas—,
where o 3 15
farfwt a, b, ¢ & wa T oifs Sese-a9

[} (e h[nf{amf[g] +c.f'{h1] st & afis s i et & g
B | s weA-AfE @ @ o s Rt

Find the values of the constants a, b, ¢ such that the quadrature formula

_{:f{-‘-’}i"-' = ﬁ[ﬂf{ﬂ} £ bf[%] + GI"-I[-’I:I:| is exact for polynomials of as high degree as

possible, and hence find the order of the truncation error. 15

7 EGT-D-MTH



T.c) T ‘El'iﬁ'ﬂiﬁmﬁﬁ'ﬁﬁ?@ﬁqﬁﬁzmm—aqf+bq§~pzq;ﬂiﬁm qc?rl%m E.
et a, b fEE & | et wied @ ea Freafe a9 quigg

P =54 _ fouci |
i

The Hamiltonian of a mechanical system is given by,

H = pyg, —aqi +bg3 — pxq2, where a, b are the constants, Solve the Hamiltonian
P2 — by,

L

= constant. 20

equations and show that

8.(a) qAE AT
(@a+B)-(B +c)+b-(@+&) = sEa-demiim & Freedl =0 swEm e & g wWE
#iform | T F wo-arel § e fimed wam w9 fafao
Simplify the boolean expression :
(a+b)-(b +c)+b-(@ +7) by using the laws of boolean algebra. From its truth table
write it i minterm normal form. 15

g(b) U fefinl fava-wae & fag 3 w0 =x'y-n +40x7 ") & Ry femr T
2 | x 9y fameit ¥ smfew F vz w1 fufor fifig | aw-weEa g o o P
$ifsu ik v SR fF T ¢ ©E o v o Pefm e € ama @l

For a two-dimensional potential flow, the welocity potential is given by
¢ =x2y - xp* +1(x’ = *). Determine the velocity components along the directions

x and y. Also, determine the stream function y and check whether ¢ represents a
possible case of flow or not. 15

8(c) UF ST Swie (ew) 89 O<asr<b, 0s0<2n W WA | WE a9 ad-
sritel) & | st Remt % am-wm A 00 WO fER T v # i e i

Hﬂm‘fl?‘zﬂ’msg o WA T A R, vl K e e § ) aefie # a-
=1 Frafro ifem |

A thin annulus oceupies the region 0 <a=r=b, 0=0=2x. The faces are insulated.
Along the inner edge the temperature is maintained at 0°, while along the outer edge

the temperature is held at T=K cusg, where K is a constant. Determine the

temperature distribution in the annulus. 20
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