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MATHEMATICS (Paper I) 

Time Allowed: Three Hours 
ｾ｡ｩ｣ｮＺ＠ 250 

Maximum Marks : 250 

ｾｾｾｾａｩｾｔ＠

ｾ＠ R:c<..dli\1 ｾ＠ ｾＭﾫ＠ ｾ＠ ｾ＠ ｾ＠ ｦＮｩＢｩｾｮ＠ .q-« ｾ＠ ｾ＠ Ullii'tclCfl ｾ＠ ｾ＠ 1 
mo ｾ［Ｚｦｦ＠ ｾ＠ ｾ＠ ｾ＠ it W il7:IT ｾ＠ atR ｾ＠ ｾ＠ amrr if m-crr ｾ＠ ｾ＠ I 
\3uflGCII< cit ｾ＠ ｾ＠ ｾ＼ｦｦ＠ ｾ＠ \3m ｾ＠ ｾ＠ I 

WFf l ｾ＠ 5 ｾｾ Ｇ＠ ｾｩｦｾ Ｂｦｦｩ＼Ｚｦ ＼ｴｩｬｾｾｾｾｾ ｾｾ ｾｾｾｾｾ＠ I 
ｾｲｲ［｡ｴｾｔ＠ ｾ＠ 3lCfi \m ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ 1 

\3'm ｾ＠ lfTC7:llf ｩｦｾｾｾ＠ \ill- ti lflfth&ic ｩｦｾｾ＠ I \ffiCfiT ｾ＠ ｾ＼Ｑ Ｍ ｾＭｾ＠ (QCA) ｾ＠ ii 
FrufRcT ｾ＠ tR ｾ＠ '« CWTI ｾ＠ ｾ＠ I ｾ＠ lfTh<:{lf ｾ＠ M'?f ｾｩｦ＠ ｾ＠ ｾ＠ tR cnW afcfi ｾ＠
ｒｭｾｬ＠

. ｾ＠ ｾ＠ 'CR, ｾ＠ｾ＠ +rr<r ｾ Ｎ＠ \3"U CfiT ｾ＠ Ｍ ｾＺ＠ ｾ＼Ｚｲ＠ ｾｉ＠

ｾ＠ ｾ＠ ｾ＠ ｾ＠ m, ｾ＠ ｾ＠ ｾｒ＠ 3ff1l cffi: tR ｾ＠ m+lFlf ｾ＠ CfQ'1 ｾ＠ ｾ＠ I 
ｾｾ［Ｚｩｦ＠ ｾ＠ SllB IR4£1 if ｆａｔｾ＠ I ｾｲｲ＠ ｾｬ｣ｦｩ＠ ｾ＠ if fci:;<:rr ｾＮ＠ at m fiAT ｾ＠ ｾ＠ ｾ＠ ｾ＠ CfliZ 
ｾ＠ ll<IT m ｉｾ＠ mffi tim liT ｡ｦｾｔ＠ ｾ＠ ｾ＠ 'j)RaCfll ｩｦｾ＠ ll<IT t ｾ＠ ｾＺ＠ ｾ＼Ｚｲ＠ CfiTC ｾｉ＠

QUESTION PAPER SPECIFIC INSTRUCTIONS 
Please read each of the following instructions carefully befon: attempting questions. 
There are EIGHT questions divided into two SECTIONS and printed both in HINDI and in 
ENGLISH. 

Candidate has to attempt FIVE questions in all. 
Question No. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted 
choosing at least ONE from each section. 

The number of marks carried by a question/part is ｩｮ､ｩ｣ｾｴ･､＠ against i t. 
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 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 chronological order. Unless struck off, attempt of a 
question shall be counted even if attempted partly. Any page or portion of the page left blank 
in the answer book must be clearly struck off. 
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1. ｾｾＭＮ］ｉｔｾｾｾＺ＠

l.(a) ｾ＠ tffi:n ｾ＠ CfiT ｾﾫＧｩｦｬｩＨｙｊ＠ ｾ＠ ｾＧ＠ ｾ＠

ａ ］｛ ｾ＠ ｾＱ＠ ｾ＠ 1 
3 2 -d 

CJ)TgfdJIJi ｾｾＡ＠ ｾｾｴｩｩｩｬｃｨｻｕｊＩＧｩｴｩｾｾｾｾ＠

x+3y+z=I0 
2x-y+7z=21 
3x + 2y - z = 4 10 l.(b) ｾｾｃｦｬｬｾａＳＱｒｾｾａＪ＠ ｾｾｾｦ｣ｩＱＳＱｾａａＪ＠ 3-lRA*A ｾｾ＠

Ｑ］ｦｦＮＱ｣ｭ•｡ｦＴｃｦＱｾ＠ I ｡ｍｾｾｦ｣ｩＱｾＨａａＪＩ］＠ ｾＨ ａＪａＩ＠ I 10 
l.(c) ｊｏ｛ｾｩｃｦｩＧＱ＠ ｾ＠ ｦｾＨＲｸ＠ ｳｩｮｾＭ ｣ｯｳｾＩ､ｸ＠ 1 10 
l.(d) "Q;CFi ｾ＠ ｾ＠ CfiT ttmCfl:COI ｾ＠ cfilMQ) ｾ＠ ｾ＠ (0, 1, 1) ｾ＠ (2, 0, - 1) ｾｩｦ＠ 4J4Rdl ｾ＠

Ｓｔｒｾｾ｣ Ｍ ＱＬ＠ 1,-2), ＨＳＬＭＲＬＴＩｴｩｴｾ｣ｭ［ｉｔｭｾｷｲｩ｣ｒｾ＠ 1 ｾｾｭｯｯ｡ｭＺ＠
WRA" ｾ＠ ｾ＠ ci?t ｾ＠ ｾＺｦｨｲｲﾥ＠ cFi1 Ni Q) 1 1 o 

l.(e) ｾ＠ ｾ＠ S ｾ＠ O!ffif ｾ＠ ＳｬｬｬＺｒ Ｍ ｾ＠ ｾ＠ fffiT lR ｾ＠ (0, 1, 0), (3, -5, 2) ｾｉ＠ ｾ＠ ｾ＠
tiJilCfi(OI CfiT ｾ＠ ｾＧ＠ Mti<:fll ｾ＠ S CfiT ｾ＠ 5x-2y + 4z + 7 = 0 ｾ＠ fWt 9 ｦ､Ｇｏ€Ｉｾ＠
ｾｦｦｩﾥｾｾｩｦｾ＠ I 

10 
2.(a)(i) ｾ＠ fci1 Pn ＳｦｦｃｬＧｃｦｩｩｾｔ＠ n lR ｾ＠ ｾ＠ ｾ＠ C4 ltafctCh ｾ＠ cf."T ｾｔ＠ ｾ＼ｩｦ＠ mRm CfKffi ｾ＠aft< fcF. T: P2 ｾ＠ P3 ｐｬｾｒｩｒ＼ｬ､＠ ｉｄｕｾ＠ ＧｑＩｃｦｬｾ＠ €Zqia<:ot ｾＺ＠

T(p(x)) = f:p (t)dt, p(x)E P2 

ｐ Ｒ ｾＱＢ｜＠ P3 ｾｓｦｩＫｦｾｔＺ＠ {1, x, x 2 } 3ft< {1, x, I+x2 , l+x3} ＳｦｔｭｕｾｾｩＺｦ＠ TCfiT ｾﾭ
ｾｾｾｾｾｾ＠ ｲ｣ｦｩｬｾｾｾｭＫｮﾥｾＱ＠

10 
2.(a)(ii) ｾ＠ fcfl V "Q)q) ｮＭｾ＠ ｾｔ＠ ｾ＠ ｾ＠ alR T: V ｾ＠ V ｾ＠ ｾＦｩｊｩｏｦｴｬｩ＠ ｾ＠ tfCfli(Cfi ｾ＠ I 

ｾ＠ f3 ={Xt, Xz, .. . , Xn} arrtTKm VCfiT, ｡ｔｾｾｾ＠ {3'= {7X1, TX2 , ••• , TXn} m 
V CfiT 3TTUR ｾ＠ I 

8 

2.(b)(i) ｾ＠ fcfi A= r: ｾ Ｒ＠ ｾ＠ l ｾ＠ w(>' !) ｾＧｬ＾ｔＧｦＧｬｬｩ｜Ｇｦｾ＠ !'!RAt. A2. A, ｦｦｬｦ｣ｲ｣ｲｾ＠
I (J) (1)2 J . 

ｾａ Ｒ ｾｾＱｗｉｔｃｊＩｔＬ＠ ｭｾｾｦ｣ｩＱＱａＮｴｩＫｉａＮＲＱＫＱａＮＳＱ＠ ｾ＠ 9. 8 
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2.(b )(ii) 

2.(c)(i) 

2.(c)(ii) 

3.(a) 

3.(b) 

ｐｴｾｒｴｒＮ｣ｴ｡＠ ｾｾｾ＼ｩｬＧＫｲｦﾥ＼ｩｬｍｾＺ＠

1 2 3 4 5 

2 3 5 8 12 

A= 3 5 8 12 17 

5 8 12 17 23 

8 12 17 23 30 8 

ｾｦ｣ｦｬ＠ ａｾ＠ ｾｴｦｩｦ｣ｬ＠ ｾｾＬ＠ ｦｵｩ＼ｴｾｾＳｔｗｒｩｦｲｦ＠ il1, il2, •.. , iln ｾｉｾ＠
X1, X2, . .. , Xn WRf ＳｬｗＱＧ］ｦｾｔｾ＠ ｡ｴＬｾｾｾ＠ nxn ｾ＠ C, ｾ＠ ｫ｣ｩｔｾ＠
ｾｔ＠ Xk CfiT m, 011clliion<:f ｭ｡ｲｾ＠ I 8 
ｾｾ＠ fcfl c;3 it ｾｔ＠ XI = (1, 1+i, i), Xz = (i, -i, 1- i) am: x3 = (0, 1-2i, 2- l) 
ｃｬｴｴｴｾｆ｣ｴｃｦｬ＠ ｾ＠ ｾ＠ ｾ＠ lR ｴｒ＼ｾｃｦｩ｡Ｚ＠ ｾ＠ ｾＬ＠ ｾ＠ ｾ＠ mrm ｾ＠ ｾ＠ 1:R tR.ctCfla: 
ｾｾｉ＠ 8 

x2 yz ｾ＠ｾ＠ cfiT ｾ＠ ｾ＠ ｏＡｦｃｉｾｒ＠ CfK 00 y = 10- 2x aW ｇｬＭ｣ｦｾＧ､＠ - +-= 1 q.. ｾ＠
4 9 

ｾｾｾ｣ｩｩｬｍｾｉ＠ 20 
fry (0, 0) 6ffi:Jyx (0, 0) ｾ＠ ｾ＠ ｾ＠ qf'(Cf\(1'1 ｾ＠

{ 

xy3 
!( ) -

2
, (x, y)=F(O, 0) x, Y- x+y 

0 , (x, y)=(O, 0). 

fxy am /yx cfi (0, 0) IR frl{ct<dl lR ｾｾｉ＠ 15 
3.(c) JJ xy dA CfiT ＧｩｾｩｃｦｬＧＱ＠ ｾＧ＠ ｾ＠ D, «ccT y = x - 1 atk ｾＨｉｾｓｴｬＨＧｬｬ＠ y 2 = 2x + 6 $ IDU 

D 

qf.<Gt4: ror ｾ＠ I 15 
4.(a) ｾｾｦ｣ｦｬｾＲＨｸ Ｒ＠ + y2 +z2) = ＳｲＲｬｒｦ｣ｦｩｭｭｾｾｾｸＲ＠ + y2 +z2 = r20CficfR' 

Ｓｔｭｲｬｦｾｾｾｾ｜ｩｬｔｾｾ＠ I 15 
4.(b) ｾｾｩｷｃｦｩｔｾＴＱＱｾｾＴｴ＠ ｣ｲｳｦｩＧｾｾｩｦｾｸｺ＠ + yz + 2ax+ 2by =O,z ］ｏｾ｡ｦｦｩＺｾｾｗｒ＠

ｾ＠ (0, 0, c) ｾｇｻｔｱｾ＠ ｾｾｉｾｾ＠ y = 0 ｾ＠ IDU ｾｾ＠ CfiT Ｔｾｾ＠ ｾ＠ aillfdiCfiR 
ｾｾｾｱｻ［ｳｦｬＨＧｬＬ＠ m, m ｴｮｦｵｲｾ＠ ｾ＠ ｾｍ＠ ｐｴｾｒｴｒ｣ｴ｡＠ W:R 'fCf l:Rmm : 

x2 + y2 + z2 + 2ax + 2by = 0 
2ax+2by+cz=0. 15 

4.(c) ｾ＠ qf<ctctf ｾｾＧＨ｣ｻ＠ ｾ＠ ｾ＠ G) ｾｾＢ＼｣＼ｬ＠ ｾ＠ ｾ＠ ｾＮ＠ 3W ｾ＠ ｾ＠ p ｾ＠ p' if 
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5. 

S.(a) 

S.(b) 

S.(c) 

S.(d) 

S.(e) 

. ' ' ｾｾ＠

ｾ＠ ＹＢ ｾ ＧＱＱ＠ ctll ｾ＠ ｾ＠ : 

ｹｾｬｬｗｒｾｸｃｬＱｔＬ＠ ｾｭｦ｣ｴｬｾｾ＠ dy HkiRlR<ld ｾｾｾ＠
dx 

cos(x + y) + sin(x + y) I x 3fK y ｾ＠ ｾ＠ ｾｵ＠ ｾ＠ ｾ Ｇ＠ ｾ＠ M- 31C!Cfl(1'Jl Ｏ ｾ＠
ｂＧｾｾ＠ I 10 
ｾ＠ = a sin ｮ･ｾ＠ '[Kf ｾ＠ ｃ｀ＩＭｾ＠ ｾ＠ ＨＧｪｾｃｦＩｬｏｮｬｬ＠ ｾ＠ q)f ｾｳｮｃｦｬ｜ｏｊ＠ 9T8" ｾｉ＠
(r, ･Ｉｾｾｾｾｔｩ｣ｮｾ＠ 1 10 
ｾ＠ m ｾ＠ 00 OPQ if "fR(13fTcrcf rrfu (S.H.M.) cg ｾ＠ ｾ＠ I ｾ＠ ｾ＠ P 3fR Q tR ｾｾ＠
ｾｾＧ＠ ｾｏｾｾｾｔ Ｚｸ ＳＱＧｒｹｾＳＱＧｒｾ＠ ｐ｡ｲｒｑｾｾＫｴＢｭＭｾｾｾｶｾ＠ I 
ｾｾｾｃｦｩｬｾｾｾ＠ I 10 
ｾｾｾｃｬＱｔＳｦｔｃｔｒｾｩｦ＠ 4 ｾ｡ｦｦｩＺｾｩｦ＠ 3 ｾｾｉ＠ ｾｾｾｃｦＱＱＱｦ＠
cgcrr ｾ＠ 8 kg CfiT ｾ＠ <Sf(>'!" 20 kg ｾ＠ ｾ＠ CflT ｾ＠ ｾ＠ aW ｾ＠ CflT lffi'"Cfl<'f ｾ＠ ｾ＠ ｾ＠ I 
ｾ＠ affi: ｾ＠ ｾ＠ ｾ＠ 'tf!fur ｾ＠ ｾ＠ ch\PIQ) I 10 
ｾｾ＠ fcfl C@l 

-7 A ( 1 + t) A ( 1 - t
2 J A ｾ＠ Ｐｾ＠ ｾ＠x(t)=ti + -

1
- j+ -

1
- k ｾ＠ ｾ＠ ｾ＠ Ｑｾ･Ｑ＠ 'I: I 10 

6.(a) ｾ＠ tl+ilCfl\OJ ＼ｩｴｾｾ＠

(5.x3 + 12x2 + 6y2)dx + 6xydy = 0. 10 
6.(b) ｾ＠ fcl'"<HUJ fcrf'U '[Kf ｾ＠ tl+ilCfl\UJ 

d2 --? + a2y =sec ｡ｸｾｾ＠ chlMI:!; I 
dx 

6.( C) tt+ilCfi(OJ 

d2 d 
x 2 -t + x_l'_ + y = lnx sin(lnx) CfiT tll+tlf'l4 ｾｾｾｉ＠dx dx 

6.(d) ｾｾｋｩｦ＠

t = o tR x = o ｾ＠ dx = o ｾ＠ are:fr.:r ｾ＠ ｾｳｮｃｦｬ＼ｏｴ＠
dt 

10 

IS 

{ D 2 + n 2 )x =a sin(nt +a), D 2 = !: CflT ｾ＠ ｾ＠ fcrfu CfiT ｾｾＫｴｴＦｬ＠ ｾ＠ ｾ＠ ｾ＠
ｾＧ＠ ｾ＠ a, n ｾ＠ a HllC1iCfl ｾｉ＠ 15 

7.(a) 2·5 kg ｡ｾｬｬｈ＠ ｃｂｾｃｨｕｔ＠ 0·9 m ｾｾｾｾｒｒｾｾｾＥＬ＠ Mt!Cfil ｾｦｩＺｒｔ＠
ｾ＠ @:R ｾ＠ ｾ＠ ｭｾ＠ '¥.f ｾ＠ ｾ＠ I q;ur ｣ｩｴｾ＠ 8 ｭｾＮ＠ ｾ＠ tTm ｾＺ＠ ｧｾ＠ fcfim "fRRT ｾ＠ I 
\1fGf ｾ＠ (i) ｾＬ＠ (ii) ｾｷ＠ ｾｾ｡ｩｒｾＧ＠ ｾ＠ Cf)Uf ｾ＠ ｾ＠ ｾ＠ <ffiT if m c::tlT ｾ＠
ｾｉ＠ W 
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7.(b) ｾ＠ ｑＩｃｨｾｾｈ＠ ｾ＠ ｦｾ＠ ｾ＠ ｾ＠ 45o ｾ＠ ciTur l:R 00 ｾｉｾｾ＠ fflu ｾ＠ 3itciTCR ｾｬｒｒ｣ｮｲｾ＠ ｡ｦｒｾｦｵｵｾｬｒｾｾ＠ ｉｾ＠ ｊＮｌ｡ｦｒｊＮｌＧｾｔ Ｚ＠ ｾ｡ｦｒｾｾｇｦｴＺｱ＠am "ffhtT 3fR: ｾ＠ ｾ＠ ｾ＠ ｾ＠ 'Cftfur ｾ＠ ｾ＠ ｾ ＺＬ＠ ･ｮＭｾｾｾ＠ tW CfiT ｾ＠ cfu d{qi ｋｃｬｾｃｦｩｬｾ＠ ｾ＠ fW; ｾ＼ｲ｣ｦｩ＠ <'lf"idJi ｾ＠ *1 ｾ＠ ｾ＠ I 15 7.(c) ｾ＠ ｾ＠ cfiT ｾ＠ AB, BC, CD, DE, EF aTK ｆａＬｾｾｾ＠ CfiT ｾ＠ W ｾ Ｇ＠ ｾ＠ｲ･Ｍｵｾｾｾｾｾｾｾｾｦ｣ｦｬｾｾｇｍＢｬｊｉｉｔｾ＠
1 ｾ＠ ｾ＠ ｾｗＺｲｦｦｩｾｾ＠ｾ＠ ｾ＠ ｾ＠ AB ｾｄｅ＠ ｾ＠ lim ｾ＠ ｾ＠ ｾ＠ ｾ＠ ¥. ｾ＠ I miT if CFfTCf ｾ＠ cf})P!l!) I 

15 S.(a) V 2 (rn )"CfiT qRCfi&FI eN Ml!) am: r ｾ＠ n ｾ＠ ｾ＠ ｾ＠ \31fCf)f ｾ＠ ｾ＠ ｾ＠ I r ｾ＠ ｾ＠ fctim ｾ＠ (x, y, z) ｣ｦｵｾｾＧ＠ n ｾ＠ RllctiCfl ｾ｡ｭＺ＠ V 2 ｾ＠ ｾｃｦｬｩｻｃｦｬ＠ ｾｉ＠ 10 S.(b) ｾｔ＠ if ｾ＠ CfSfl RkiHR.ctct ｾｔ＠ ttmCfl{O( ｾ＠ GRT ｾ＠ ｾ＠ 1 = t 2i + 2tj- t 3k ｾ＠ t = + 1 ｾ＠ t = - 1 ｾ＠ ｾ＠ CfSfl ｾ＠ roftmarr $ "if:q cilvr CfiT frraRur c:hl M \.!. 1 1 o 8.(c) ｾｾＶｪｱｦｴｻｏｉ＠ｾｃｦｩｔ＠ ｾｾｾＱＨＱ＠ ｾｾＧ＠ ｾＭｾｾＱｃｦｬ＼Ｑ＠
1 JJ(a2x2 +b2y2 +c2z2f 2 dS CfiTt;[f.>lliCfl'1 chlMQ), ｾ＠ S ＼ｮＪ｡ｾｎｴ＠ ax2 + by2 + cz2 = 1 CfiT ｾ＠ ｾ＠ I a, b aTtt c ｾ＠ ｴｩＧＱＱｾｊｩｃｦｬ＠ Rllct iCfl ｾ＠ I 

15 
8.(d) 00 f!Ji1Cfl<1 Ic(- y3dx+ x3dy- z3dz) CfiT Jff.>lliCfl'1 ｾ＠ ｾ＠ ｾ＠ fitCfl CfiT ｾ＠ ｏｬＺｦ｣ｴｾｒ＠ｾＧ＠ ｾ＠ c ｾ＠ mf&t"s{ x2 + y2 = 1 3fR ｾｘＫ＠ y + z = 1 CfiT ｓｬｫｴＺＮＬｧｾＮＮＬ＠ I 15 

SECTION 'A' 
1. Answer all the questions : 
l .(a) Find the inverse of the matrix: 

[
1 3 1] 

A= 2 -1 7 
3 2 -1 

by using elementary row operations. Hence solve the system of linear equations x+3y+z= 10 
2x-y+1z= 21 
3x+2y-z= 4 

10 l.(b) Let A be a square matrix and A* be its adjoint, show that the eigenvalues of 

l.(c) 

matrices AA * and A* A are real. Further show that trace (AA *) = trace (A* A). 
10 Evaluate ｊｾ＠ ( 2x sin-} - cos}) dx. 
10 
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II 

1.( d) Find the equation of the plane which passes through the points (0, 1, 1) and 
(2, 0, - 1), and is parallel to the line joining the points (- 1, 1, - 2), (3, - 2, 4). 
Find also the distance between the line and the plane. 10 

l .(e) A sphere S has points (0, I , 0), (3, - 5, 2) at opposite ends of a diameter. Find 
the equation of the sphere having the intersection of the sphere S with the plane 
5x- 2y + 4z + 7 = 0 as a great circle. 10 

2.(a)(i) Let Pn denote the vector space of all real polynomials of degree atmost n and 
T : P 2 ｾ＠ P 3 be a linear transformation given by 

T(p(x)) = ( p (t)dt, 
0 

p (x)E P2. 

Find the matrix of T with respect to the bases { 1, x, x2} and { 1, x, 1 + x2, 1 + x3} 
of P2 and P3 respectively. Also, find the null space of T. 10 

2.(a)(ii) Let V be ann-dimensional vector space and T: V ｾ＠ V be an invertible linear 
operator. If fJ = {X 1, X2 , ••• , Xn} is a basisofV, showthat{J' = {TX 1, TX2 , ••• , TXn} 
is also a basis of V. 8 

2.(b )(i) Let ａ ］ ｛ ｾ＠ ｾ Ｒ＠ ! ] where ro("' I) is a cube root of unity. If A1, A 2, A 3 denote 
1 m m2 

the eigenvalues of A2
, show that IA- 11 + I.A. 2l + IA-31 ｾ＠ 9. 8 

2.(b)(ii ) Find the rank of the matrix 

I 2 3 4 5 

2 3 5 8 12 

A= 3 5 8 12 17 

5 8 12 17 23 
8 12 17 23 30 8 

2.(c)(i) Let A be a Hermetian matrix having all distinct eigenvalues A.b A. 2, ... , An. If 
X1, X2, ••. , Xn are corresponding eigenvectors then show that the n x n matrix C 
whose kth column consists of the vector Xk is non singular. 8 

2.(c)(ii) Show that the vectors X1 = (1, 1 +i , i), X2 = (i. - i. 1- i) and X3 = (0. 1-2i, 2- i) in C3 

are linearly independent over the field of real numbers but are linearly dependent 
over the field of complex numbers. 8 

3.(a) Using Lagrange's multiplier method, find the shortest distance between the line 
x2 y2 y = 10 - 2x and the ellipse - + - = 1. 20 4 9 
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3.(b) Compute fxy (0, 0) and fyx (0, 0) for the function 

{ 

.xy3 
!( ) -

2
, (x, y);t {0, 0) x, y - x + y 

0, (x,y)=(O,O). 
Also, discuss the continuity of fxy and /yx at (0, 0). 

15 3.( c) Evaluate fJ xy dA, where D is the region bounded by the line y = x - 1 and the 

4.(a) 

4.(b) 

4.(c) 

D 

parabola y2 = 2x + 6. 
15 Show that three mutually perpendicular tangent lines can be drawn to the sphere x2 + y2 + z2 = r2 from any point on the sphere 2(x2 + y2 + z2) = 3r2. 15 A cone has for its guiding curve the circle x2 + y 2 + 2ax + 2by = 0, z = 0 and passes through a fixed point (0, 0, c). If the section of the cone by the plane y = 0 

is a rectangular hyperbola, prove that the vertex lies on the fixed circle xz + y2 + z2 + 2ax + 2by = 0 
2ax + 2by + cz = 0. 

15 A variable generator meets two generators of the system through the extremities B and B
1 

of the minor axis of the principal elliptic section of the hyperboloid x2 y2 
I 

I I 2 + 2 - z2c2 = 1 in P and P. Prove that BP · B P = a2 + c2. 
a b 

SECTION 'B' 
20 

5. Answer all the questions : 

5.(a) y is a function of x, such that the differential coefficient : is equal to cos(x + y) + sin(x + y). Find out a relation between x andy, which is free from any derivative/ differential. 
10 5.(b) Obtain the equation of the orthogonal trajectory of the family of curves represented by rn = a sin ne, (r, 0) being the plane polar coordinates. 10 S.(c) A body is performing S.H.M. in a straight line OPQ. Its velocity is zero at points P fu"1d Q whose distances from 0 are x andy respectively and its velocity is vat the mid-point between P and Q. Find the time of one complete oscillation. 10 5.( d) The base of an inclined plane is 4 metres in length and the height is 3 metres. 

A force of 8 kg acting parallel to the plane will just prevent a weight of 20 kg 
from sliding down. Find the coefficient of friction· between the plane and the 
weight. 

10 5.( e) Show that the curve 

ｾ＠
A ( 1 + t) A ( 1 - t

2 J A 
x(t)=ti + -

1
- j + t k lies in a plane. 

10 

7 
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6.(a) Solve the differential equation 
(5.i3 + 12x2 + 6y2)dx + 6xydy = 0. 

6.(b) Using the method of variation of parameters, solve the differential equation 

6.(c) 

d2 
--{ + a2y = sec ax. 
dx 
Find the general solution of the equation 

2 
x2 d ; + x dy + y = lnx sin(lnx). 

dx dx 

6.( d) By using Laplace transform method, solve the differential equation 

( D 2 + n2 )x =a sin(nt +a), D2 = :r: subject to the initial conditions 

x = 0 and : = 0, at t = 0, in which a, n and a are constants. 

10 

10 

15 

15 

7.(a) A particle of mass 2·5 kg hangs at the end of a string, 0·9 m long, the other end 
of which is attached to a fixed point. The particle is projected horizontally with 
a velocity 8 m/sec. Find the velocity of the particle and tension in the string when 
the string is (i) horizontal (ii) vertically upward. 20 

7.(b) A uniform ladder rests at an angle of 45° with the horizontal with its upper 
extremity against a rough vertical wall and its lower extremity on the ground. If 
J.l and J.l' are the coefficients of limiting friction between the ladder and the 
ground and wall respectively, then find the minimum horizontal force required to 
move the lower end of the ladder towards the wall. 15 

7.(c) Six equal rods AB, BC, CD, DE, EF and FA are each of weight Wand are freely 
jointed at their extremities so as to form a hexagon; the rod AB is fixed in a 
horizontal position and the middle points of AB and DE are joined by a string. 
Find the tension in the string. 15 

S.(a) Calculate V 2 (rn) and find its expression in terms of rand n, r being the distance 
of any point (x, y, z) from the origin, n being a constant and V2 being the Laplace 
operator. 10 

S.(b) A curve in space is defined by the vector equation 1 = t 2i + 2t J- t 3 k. Determine 
the angle between the tangents to this curve at the points t = + 1 and t == -1. 10 

S.(c) By using Divergence Theorem of Gauss, evaluate the surface integral 
1 

fJ ( a2 x2 + b2 y2 + c2 z2 f 2 dS, where S is the surface of ｴｨｾ＠ ellipsoid 

ail+ by2 + cz2 = 1, a, b and c being all positive constants. 15 

S.(d) Use Stokes' theorem to evaluate the line integral Jc(-y3dx+ x3dy- z3dz), where 
C is the intersection of the cylinder x2 + y2 = 1 and the plane x + y + z = 1. 15 
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(c) 11R ｾ＠ f(x) = 

ｾａ＠

SECTION A 

x2 
=--+2 ｾ＠ x<O 

2 

CRn f, [- 1, 2] 3'jo:('l(l(1 ｩｴｾ＠ fll""llet'><:1""1l4 ｾ＠ ? CRff ? CRn ｾ＠ ｾ＠ g "Cf)T 3'lff'dfCI 

ｾ＠ feh g' (x) = f(x) m ? ｾ＠ ｾ＠ Cf;T acfl ｾ＠ ［ＺｦＩＩｾ＠ q: I 

(d) ｾ＠ ｣ｦＩＩｾｱＺ＠ ｾ＠ ｾ＠ b ea + 1 < 1, ｾ＠ a (f2ff b 'tHklOJCf> 3fu: CII'Rtfc!et> t "ffi ｾ＠
zne-a-bez ｾｾｾＮｱ＠ n ｾｾｾｉ＠

(e) ｾ｣ｮ｡ＴＱｃｦｬ｜ Ｐ Ｑ＠ ｣ＺｦＩｬｾ｣［＠ z = 2x1 + 3x2 - 5x3 

ｾ＠ fcn x1 + x2 + x3 = 7 

A-BRL-M-NBUB 2 

··' 



(a) Show that the set of matrices S = { [: - :) a, b E R} is a field 

under the usual binary operations of matrix addition and matrix 

multiplication. What are the additive and multiplicative identities and 

(1 -1] 
what is the inverse of 

1 1 

? Consider the map f: C ｾ＠ S defined 

(
a - bJ 

by f(a + ib) = b a . Show that f is an isomorphism. (Here R is the 

set of real numbers and Cis the set of complex numbers.) 10 

(b) Give an example of an infinite group in which every element has finite 

order. 10 

x2 
-+4 ｩｦｸｾｏ＠

(c) Let f(x) = 2 

-x2 
--+2 ifx<O 

2 

Is fRiemann integrable in the interval [-1, 2]? Why? Does there exist a 

function g such that g'(x) = f(x)? Justify your answer. 10 

(d) Prove that if b ea + 1 < 1 where a and bare positive and real, then the 

function zn e-a - b ez has n zeroes in the unit circle. 

(e) Maximize z = 2x1 + 3x2 - 5x3 

subject to x1 + x2 + x3 = 7 

and 2x1 - 5x2 + x3 ｾ＠ 10, Xj_?: 0. 

Q2. (a) 810 ｾ＠ ｒｾｦ＼ＺＱｦｵｬ､＠ ＡＪ＾ｾ］ｴＺＡｾｬ＠ ｾ＠ <:hlfl"-41 ｾ＠ ｾ＠ ? 

( 

1 2 3 4 5 6 7 8 9 10 J 
Ｈｦｾ＠ (1 2 3 4 5) (6 7). 

1 8 7 3 10 5 4 2 6 9 

(b) 810 ｾ＠ ｾ＠ 31W1cT ctt ｾ＠ ｾＧｬｩ｣ｦ＠ w ｾ＠ ｾ＠ ? CFif ? ｾ＠ ｾ＠ ｾ＠ 31W1cT CflT ｾ＠

Ｓ＼［ Ｑ ｾｻＰＱ＠ ｾ＠ I 810 # ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ mrt ? 

(c) 

A -BRL-M-NBUB 3 
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Q3. 

(d) ｾ＠ fco R ｾ＠ ｾ＠ fcr¥ ＳｱｦｴｾｪＧｩＺｩＡ＼Ａｦ＠ ｾ＠ fcr¥ ＳＢｪｾｻｬ｣ｬｩ＠ ｾ＠ JIOI;f)<!J :efU!M"'! 

ｾｉ＠

(a) What are the orders of the following permutations in 810 ? 

[1 2 3 4 5 6 7 8 9 
10 J 
9 

and (1 2 3 4 5) (6 7). 

1 8 7 3 10 5 4 2 6 

(b) What is the maximal possible order of an element in 810 ? Why? Give an 

example of such an element. How many elements will there be in 810 of 

that order? 
CXl 

(- l)n - 1 

Show that the series L (c) - - 2- , is uniformly convergent but not 
1 

n + x 

absolutely for all real values ofx. 

(d) Show that every open subset of R is a countable union of disjoint open 

intervals. 

(a) liR ｾ＠ J ={a+ bi I a, bE Z} Jl13ffl ll ｾ＠ ｾ＠ ｾ＠ (C ｾ＠ JqqC1<!f) ｾ＠ I 

J f?!l=i R1 ful d it ｾ＠ ent.:r -m ｾ＠ : ｾｦ｣ ｒＺ •ｲ ｣ｩ ｬ ｬｬ＠ ｾ＠ (>rRr) , ｾ＠ :!01\ill Cl cll s1iR 
(>rRr), ｾ＠ :!OI"'!@sOi ｾ＠ (>rRr) ? ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ 4>1Mt!> I 

(b) liR ｾ＠ RC = [0, 1] "CR tNT CII'R1 f¢lCf> lO! HiRf>d B"ffif ｾ＠ ｾ＠ｾＧ＠ ｾ＠ f.:n:;r 

Bf9t><!! l3"!l ｾ＠ ｾ＠ ｾ＠

. (f + g) x = f(x) + g(x) 

(fg) x = f(x) g(x). 

llR ｾ＠ M = { r e Rc I ｾｩ Ｉ＠ ｾ＠ o } . 

ｾ＠ M, R <tt ｾ＠ ｾ＠ :!OI\l11Cici1 ｾ＠ ? ｾ＠ ｾ＠ ｾ＠ dCfi ｾ＠ ｾ＠ I 

(c) llR ｾ＠ f(x, y) = y2 + 4xy + 3x2 + x3 + 1 ｾ＠ I m ｾ｟ＭｭＭ･ｮＺ＠ f(x, y) ｾ＠

3lf'EfCf)(fl1 Ｓｬｾ＠ ｾ＠ d q ｾ＠ ? 

(d ) liT-1 ｾ＠ [x ] C::tl'k'!f"ClCfl ｾ＠ x CfiT ｾ＠ mJT mRrn Cf){ffi t Ｓｬ ｾ＠ ｾ＠

n s X < n + 1 ｾ＠ n ｾ＠ ｾ Ｇ＠ m . [x] = n I Cf<!fT ｾ＠ f(x) = [x) 2 + 3, 

[-1, 2] .q "fu:rR fllOfiCf>('Fflll ｾ＠ ? ｾ＠ ｾ Ｇ＠ oT ＧＸＱＰｦＤｬｬｾｬＡ＾＠ Cf<IT ｉ ｾ＠ "lffl ｾＢｬｬＢＱＱｃｦｬ＼ＮＱ］ｦｬｬｬ＠ t 
2 

m qftCflk=td ｾ＠ f ( [x]2 + 3) dx. 
- 1 
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(a) Let J = {a + bi I a, b E Z} be the ring of Gaussian integers (subring of C). 

Which of the following is J : Euclidean domain, principal ideal domain, 

unique factorization domai.n? Justify your answer. 

(b) Let RC =ring of all real valued continuous functions on [0, 1], under the 

operations 

(f +g) x = f(x) + g(x) 

(fg) x = f(x) g(x). 

IsM a maximal ideal ofR? Justify your answer. 

(c) Let f(x, y) = y 2 + 4xy + 3x2 + x3 + 1. At what points will f(x, y) have a 

maximum or minimum ? 

(d) Let [x] denote the integer part of the real number x, i.e., if n ｾ＠ x < n + 1 

where n is an integer, then [x] = n. Is the function f(x) = [x] 2 + 3 

Riemann integrable in [- 1, 2] ? If not, explain why. If it i s integrable, 
2 

15 

15 

10 

compute J ([x] 2 + 3) dx. 10 

-1 

Q4. (a) rl{ PldJ:l ｾ＠ f.mcR ｾ＠ Cfi) ｾ＠ chl fG1 Q\ : 

ｾ＠

Ml Mz M3 M4 

Jl 3 12 5 14 

ｾ＠
Jz 7 9 8 12 

J3 5 11 10 12 

J4 6 14 4 11 
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IT 

I = f sin4 8 de 

0 

Cf)f ｾ＠ RCfllf&IQO I 

(c) 4._-i<1CflCfi{OI ｾ＠ z = 5x1 - 4x2 + 6x3 - 8x4 

ｾｾｱ＠

. (a) 

x1 + 2x2 - 2x3 + 4x4 :-::; 40 

2x 1 - x2 + x3 + 2x4 :-::; 8 

4x 1 - 2x2 + x3 - x4 :-::; 10 

Solve the minimum time assignment problem : 

Machines 

Ml Mz M3 M4 

Jl 3 12 5 14 

Jobs 
J2 7 9 8 12 

J3 5 11 10 12 

J4 6 14 4 11 

(b) Using Cauchy's residue theorem, evaluate the integral 

IT 

I=Jsin4 ede 

0 

(c) Minimize z = 5x1 - 4x2 + 6x3 - 8x4 

subject to the constraints 

x 1 + 2x2 - 2x3 + 4x4 :-::; 40 

2x1 - x2 + x3 + 2x4 :-::; 8 

4x1 - 2x2 + x3 - x4 :-::; 10 

15 

15 

xi?: 0 20 
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ｾｂ＠

SECTIONB 

Q5. (a) z = y f(x) + x g(y) ｩｴ ｾ＠ ＱＺｦｬｾ＠ f ｃｦ ｾ＠ g ｾ＠ fcl0'14'"1 ｾ＠ ｾ＠ ｾ＠ ｾ＠

fp:f)Cf){Ul ｾ＠ I 

(b ) 
a2z a2z a2z 

fp:f)Cf){Uf y - + (X + y) - - + X - = 0 
Ox2 Ox Oy Oy2 

(Ch'"ilRCh<'i ｾ Ｉ＠ -q 4;"1+0JI;:fld cfi)f\i! v, ｾ＠ X* y. 

(c) ｾ＠ Ｍｱｦｴｾ＠ ｾ Ｇ＠ PlWila ｭｭｾ＠ ｾ＠ ｾ＠ m m;ft ｾ＠ ｾ＠ >rrn ｾ＠ ｾ＠ ｾ＠

ｒｾｒＱｦ｀｡＠ ｾ＠ # ｾ＠ ｾ＠ ｾ＠ : 

3icfi 30-40 40-50 50-60 60 - 70 70-80 

ｭ［ｦｦｾｾ＠ 31 42 51 35 31 

ｾ＠ 3m ｾ＼Ｑｊｾｈ＠ ｾ＠ CfiT $kll011fl ｾ＠ ｾＧ＠ &f m;ft ｾ＠ ｾ＠ "ffiCf ｾ＠ ｾ＠

ｾＴＵ＼ｦＲＱＱＵＰｾｾｾｾ＠ I 

(d) ｾ＠ ｾ＠ fcfi ｾ＠ ｾＳＱＱ＠ CfiT 'tffiT @311 -ft fll01Chio1 lR ｾ＠ CfiT ｾｉｃｉｾＴｃｨ＠ <f211 

ｾ＠ ｾＧｴｬ＠ ｐｬｾｒｩｦ｀｡＠ ｾ＠ : 

u, v, w = ｾｬ Ｈ ｡ｰＬ＠ o<p, ap) 
Ox cy oz 

ｾ＠ ｾ＠ crm <p, \fiffi ｾ＠ x, y, z, t ｾ＠ 1 

(e) -=em: im ｾａ Ｌ＠ B, C <f211 D, ｾ＠ CfiT ｾＦＱｬｏｉｈ＠ m <f211 ｾ｡Ｌ＠ cnT ｾ＠ 'PfT b 

ｾ＠ crt ｾ＠ ｾ＠ m tn: ｾ＠ "SfCf)"R "{@ 1Tm ｾ＠ fcf> m ｾ＠ m cnR"T tn: m 1 crt 

ｾ＠ fcrcnuf ｾ＠ ｾ＠ ｾ＠ cnr ｾ＠ ｾ＠ qn:coR-ta ｲｴｬｾｶＺ＠ 1 

(a) Form a partial differential equation by eliminating the arbitrary 

functions f and g from z = y f(x) + x g(y). 10 

(b) Reduce the equation 

a2z a2z a2z 
y-2 + (x+y)-- + x-

2 
= 0 

()x ()x Oy Oy 

to its canonical form when x * y. 10 

A-BRL-M-NBUB 7 



(c) In an examination, the number of students who obtained marks between 

certain limi ts were given in the following table : 

Marks 30 - 40 1 40 - 50 50 - 60 60 - 70 70 - 80 

No. ofStudents 31 I 42 51 35 31 

Using Newton forward interpolation formula, fmd the number of 

students whose marks lie between 45 and 50. 

(d) Prove that the necessary and sufficient condition that the vortex lines 

may be at right angles to the stream lines are 

u, v, w = J.l (Ckp, c3q>, o<pJ 
ax Oy az 

where J.l and <pare functions ofx, y, z, t . 

(e) Four solid spheres A, B, C and D, each of mass m and radius a, are 

placed with their centres on the four corners of a square of side b. 

Calculate the moment of inertia of the system about a diagonal of the 

square. 

Q6. (a) ｾ＠ ｣ｨｬｾｱＺ＠

(D2 + DD'- 6D'2) z = x2 sin (x + y) 

ｾ＠ D o2TT D' ｾ＠ ｾ＠ ｾ＠ ｾ＠ o2TT ｾＮ＠ax ay 

(b) -Q:m ｾ＠ ｾ＠ ｣ｨｬｾｱＺ＠ Ｂｩｴｾ＠

z(x + y) = C(3z + 1), (C ｾ＠ ｦ＿ｾ＠ ｾＩ＠

* ｾ＠ ｾ＠ <iiMCf>d: Slfd-eJ;; Cf){d1 ｾ＠ o2TT "it Cfl x2 +; = 1, z = 1 it :rm=rr 
ｾｉ＠

(c) ｾ＠ ｾ､ｬｬＨ｣ｴｃｨ＠ ｾ＠ irtt ｾ＠ ｾ＠ ｾ＠ x = 0 o2TT x = l t >ffi'll -q BrRr 

ｾＲｦｲ＠ -ij fcruq "f1{ ｾ＠ I ｾ＠ ｾ＠ ｾ＠ ｾ＠ Wr A . x (l - x) WU "Cf>Pf.1 ｾ＠ ｾ＠

W; fenm ｾ＠ t (f) fcom m ｾ＠ t TR ｾ＠ fW it fcnm m ｾ＠ x TR irtJ q:)f 

ｾｾ｣ｦｩＩｍｱＺ＠ I 

(a) Solve 

CD2 + DD' - 6D'2) z = x2 sin (x + y) 

· a a 
where D and D' denote - and - . ax ay 

A -BRL-M-NBUB 8 
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(b) Find the surface which intersects the surfaces of the system 

z(x + y) = C(3z + 1), (C being a constant) 

orthogonally and which passes through the circle x2 + y2 = 1, z = 1. 15 

(c) A tightly stretched string with fixed end points x = 0 and x = l IS 

initially at rest in equilibrium position. If it is set vibrating by giving 
each point a velocity A. . x (l - x), find the displacement of the string at 

any distance x from one end at any timet. 

Q7. (a) ｾ＠ ｓｊＧＧｈ ｉ ｾＢ､＠ Xo ｾ＠ ｾ＠ ｾ＠ ｾ＠ f(x) = 0 cnT ｾ＠ ｾ＠ ｾ＠ ｾ＠

ｾ＠ - ｾ＠ fufu ｾ＠ WR ｾ＠ ｾ｣ＭＭｬｮｦｻｾ＠ fcl<t>fBd ｾＧ＠ n ｾ＠ ｧ•ｈｉｾｒＱｬｬｬ＠ efa 
ｾ＠ ｾＬ＠ eps f.:rmftf ｾＸｊ＠ ｾ＠ C12IT ｾ＠ f '(x) in fu"Q: f.:rmfur W;r ｾｾ＠ ｾ＠ I 

(b) ｾ＠ liR fll'iflll 

y' = x (y + x) - 2 

y(O) = 2 

ｾ＠ ｾ＠ ｾｾｬｬＧｩｦｬｃｉ＠ ｦｾ＠ ｾ＠ "fltt, y(0·6) CfiT flblCh( lfR" qf{f;hfe;ld ｾ＠ if> ｾ＠ ｾ＠

3WfT1=J (Rtr ｾＩ＠ h = 0·15 ｾ＠ ｾ＠ ferftr Cfi1 ｾ＠ ｾ＠ I 

(c) fcm11 ｾ＠ ｾ＠ -mi'l:f ｾ＠ ｾ＠ {fll 11:$) CfiT ｾ＠ Hq "fiRUft -q ｾ＠ Tfm ｾ＠ I ｾ＠

ｾＭｱｾｃＱＲｉｔｾ＠ ｫｾＭｱｾ＠ I 

t 2 4 6 8 10 12 14 16 18 20 

v 16 28·8 40 46·4 51·2 32·0 17·6 8 3·2 0 

(a) Develop an algorithm for Newton- Raphson method to solve f(x) = 0 

starting with initial iterate x0, n be the number of iterations allowed, 
eps be the prescribed relative error and delta be the prescribed lower 

20 

bound for f'(x). 20 
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(b) Use Euler's method with step size h = 0·15 to compute the approximate 

value of y(0·6), correct up to five decimal places from the initi al value 

problem 

y' = x (y + x) - 2 

y(O) = 2 

(c) The velocity of a trai n which starts from rest is given in the following 

table. The t ime is in minutes and velocity is in km/hour. 

t 2 4 6 8 10 12 14 16 18 20 

v 16 28·8 40 46·4 51·2 32·0 17·6 8 3·2 0 

Estimate approximately the total distance run in 30 minutes by using 

15 

composite Simpson's .!_ rule. 15 
3 

QS. (a) ｾ＠ l ｾ＠ ｾ＠ ｾ＠ m ｾ＠ AB ＨＱ ｾ＠ BC, B tn: ｬｏｊｾｯａ ＼ｦ ､＠ fifcqo Ｈｦｾ＠ A ｾ＠

ｐｴ＼ＺＱｾＨＱ＠ ｾ＠ 3fn: A -B ｾ＠ ､ｩｾｨＺｮＺ＠ ＨＢｬ ｬｏｊ ＨＱ ｾ＠ｾ＠ ｾ＠ CR ｗｉ ｾ＠ I ｾ＠ fc!1 Sl("lllOJHI 

ｾ＠ CflK1 ｾＷｴ＠ ｾ＠ ｾ＠ n2 = ( 3 ± ｾＩ＠ 7 . 

(b) ｾ＠ ('f{ff , x -31&1 ｾ＠ t HklOJCf> fun TR 3'1 ClCf>l !tl a.bf "Cf>1 tRdT t -it fcl1 ｾ＠ ｾ＠

qfHf1lOll ｾ＠ Ｈｦｾ＠ ｾ＠ ｾ＠ ｾ＠ (0, a) "Yl: ｾ＠ met m ｾ＠ 3fn: (0, b) TR m ffrcn ｾ＠

Ｈｦｾ＠ ｾ＠ =;ffUII r JO!Cf) ｾ＠ "Yl: ｾ＠ lTGff ｾ＠ 31-Rf tR ｾ＠ ｾ＠ ｾ＠ ｾ＠ t dl ｾ＠

fc!1 qf<fflt:tl tR qftolls:fl ｾ＠ npm
2
(a-b)

2 t ｾ＠ ｰ ｾ＠ CflT t:f.1fCJ ｾ＠ 1 

{2ab (a+ b)} 

(c) ｾ＠ m ｭｾ＠ K ｾ＠ n ("JU;f{@l<!l ｾ Ｇ＠ ｾ＠ ｾ＠ ｾ＠ a ｾ＠ ｾ＠ ｾ＠ ｾｮｬ＼ｨｬｻ＠

ｾ＠ ｾ＠ ｜ｩｬｯｒｾｩｩ＠ Ｈ ｾ Ｉ＠ ｾ＠ ｾ＠ ｾ＠ ("lt:tf?l(1 ｾｾ＠ ｾ＠ ｾ＠ ｾ Ｇ＠ eft ｾ＠ ｾ＠ ｾ＠

2 3 

ｾ＠ ｾ＠ ｾ＠ ｾ＠ 3fu: ｌｊ＾ｃｦｬｾｾｬＧＢｬ＠ ｾ＠ B ｾ＠ Sn a ｾ＠ 1"ffu ｾ＠ I ｾ＠ ｾ＠ fcnm 
(n -1) K 

tfi ｾ＠ "Yl: ｾ＠ :wrn ｾ＠ I 
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(a) Two equal rods AB and BC, each of length l, smoothly jointed at B, are 
suspended from A and oscillate in a vertical plane through A. Show that 

the periods of normal oscillations are 
2

rr where n2 = (3 ± ｾｊ＠ g . 15 
n ｾＷ＠ l 

(b) If fluid fill s the region of space on the positive side of the x-axis, which is 
a rigid boundary and if there be a source m at the point (0, a) and an 
equal sink at (0, b) and if the pressure on the negative side be the same 
as the pressure at infinity , show that the resultant pressure on the 

rrpm2(a- b)2 
boundary is where pis the density of the fluid. 15 

{2ab (a+ b)} 

(c) If n rectilinear vortices of the same strength K are symmetrically 
arranged as generators of a circular cylinder of radius a in an infinite 
liquid, prove that the vortices will move round the cylinder uniformly in 

. 2 3 
time Srr a . Find the velocity at any point of the liquid. 20 

(n -1) K 
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