. 17. Mathematics

11. Sample Surveys and Design of Experiments (StaUSl).(NeMOId) 2068

Bacllelor Level /Il Year/ Science & Tech. + Humariities Full Marks: 100
Time: 3 hrs

Group "A" e >
L. (Compulsor\}mtumpt any SIX questions. 4 : 6x5=30

a. Discuss the technigues' in controlling errors in experimental designs.

b. Describe a procedure to estimate a m' s:mg value in randomizéd block
design. .

¢. } Explain 2° factorial design with the help of an illustrative example.

d. Discuss how data is analyzed in the singie factor experimental design.

~ Compare complete enumeration: with sampling under different

*ecircumstances.
[ In simple random sampling without replacement. which form of the sample
variance is an unbiased estimate of population variance?

g. Differentiate between sampling * and non-samphng errors in samp]e
SUrveys.

. Point out the importance of systematic qampimg Describe 4 method of
“selecting a systematic sample.

Group "B"
r'(ltumpt any FIVE questions. : 5x7=35
2. Give the layout and anal¥is. of Latin square design. Obtain its relative
efficiency as compared to randomized block design.
3. Obtain the expectations of sum of squares for randomized block design.
4.

- What do you mean by analysis of” covariance and how does it differ from -
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‘analysis of variance? Describe a procedure to carry out the analysis in
- completely randomized design.
A manufacturer of television sets is interested in the effect on tube
conductivity of three different types of coating for colour picture tubes.-The
1bi!o'wing data vn conductivity Is obtained.

i

Coating Tvpe 1 Coating Type 3 Coating Tvpe 3
i 143 . 152 129
141 g 149 127
150 140 - 132 :
147 : 143" 138 :
fasEs 150 135

Test whether there is a significant difference in conductivity due coating type.
[Tabulated value of F()U;k 2,12)=3.89] ;
6. Describe compietely randomized design Obtain the lcast of cfﬁ.cls square
estimates and sum of squares for the design.
7. D:mmgumh between complete and partial conioundmg llluslrate the layout
"~ and analysis of a partially contoundt.d design in two blocks and '
phcates
- ‘ Group ner
‘Attempt any FIVE questions. - 5x7=35
8. Lelthe populauon consists of units 2, 5. 3, 7, 9. If we draw simple random
sample of size 3 without replacement show that sample mean is an unbiased
estimate of population mean. Also verify that the standard error of the sample

mean is equal to” [@° (N =h) wherea is -
n (N=1) ' i
population standard deviation, N is the size of the population and n is the size
- of the sample. &

9. Show that the simpiec random sampling without rcplaccnnnt sample mean
square is an unbiased estimate of population meéan square.

10. What are the advantages of stratification in samp!e surveys? Describe the
procedure of optimum allocation gf sample sizes for dtffnrem slrata in
stratified random sampling. <

I'l. Obtain an unbiased estimaie of population mean in. systematic sampling and

" also find the relative efficiency of systematic sampfing with respect to simple
random sampling without replacement.

12. Define regression method of estimation. Obtain the variance of 1he ruzn.ssnon

_ estimate.

13. What do you mean by probability proportlonai to size sampling? Describe the

cumulative total methed of selecting units in this samphng method.

_ Tribhuvan University, 2069

Attempt ALL the questions. i
= : Group "A" - ‘ ; 5x7=35
ol D\.f' ine Lonvérg:.nt double sequcnce Let lim  gpge=( #

p.q =
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If for each fixed p. the limit ~lim  fip.g) exists, then prov;: that the iterated
i g —> @™

~ Investigate the existence of iterated limit and double limit of the double
sequence given by

limi lim lim :
imit [ f(p.q)] also exists and has the same value (.

ApQ=_P9 _ p=ll..csiiven el 2.0, " [1+4+2]
P+q’
' Define an accumulation point of a set in R°. ' :
Prove Bolgano - Weixrstrass theorem for R n> 1. ' " [1+6]
: ) OR

Define metric subspace. Let (S, d) be a metric subspace of the metric space (M,

- d) and X a subset of S. prove that X is open in S if and only il X'= A ~S for
some set A which is open in M. [1+3+3]

" Assume that g is differentiable at 'a’ with total derivative. g'(a). Let b = g{a)
and assume that fis diffcrentiable at b with total derivative f(b). Prove that the
composite function h =fog is differentiable at a with the total derivative h'(a)
and is given by h'(a) = f(b) o g'(a). : [7] -
Define upper and lower Stieltjes iniegrals. Assume that & —» on [a. b]. prove
that I(f, )" I{f, 2 and show that this inequaiity holds by means of suitable

example. ' [2+2+3]

State and prove Dirich lets test for khe convergence of improper. mtegml of the

first kmd Show tha.{ J’S“‘ 1 dx conyerges ifa> 0, p> 0. ' [1+4+2]
OR

Define an improper intégral f f f(x)dx. lnterprc{s it geometrically. Letf g
be integrable over [a, t] forallt>aand 0 < ﬂ.%}s_ g(x) for all x > a, prove that
Jif r g(x)dx converges, then f (x)dx. converges orif f F(x)dx.

diverges then Jj 2(x)dx diverges. ' ! D [1+3+3]
Group "B" < 10xd=40 -
7 1 el
*Prove that absolutely convergence of an infinite series Za“ la, implies the
n=l1

convergence. [s converge true? Give an example. . = [2%2]
Prove that the series Z(—1)" (1-X) converges pomt wise §
but not umformly on [0, 1]. [4]
CR ;
Let {f,}be a sequence of functions defined on a set'S. If {f;} statisfies. the
Cauchy's condition, then prove that f,— funiformly on 8. ~ 4]
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14.

_1‘_

Prove that the integral j__.a[\ converges. [4]
x

Define accumulation point of a subset of 9" If x is an point of S. then prove s

that every open n-ball B{x) contains infi nm.l) many pumh of'S. 4
State and prove Lindel of LOVL]’H‘]E theorem. - 14]
OR i ' ;
Prove that the set [-2,2] W |3, 4] in R is compact. ; : ¥
Let FLS;EA collection of sets in T and let /2 § —> T be a function, prove that
! -]
F Agj e F[f ) EaToy [4]

l)cf ine @ directional derivative. Justify that a function can have a finite
directional derivative f(c: u) of a function at ¢ for every u but may not imply
the continuity of that function at c. by taking

&

2
e
fixy)= -—1'2;"—4 ifx=0
, Py _

0 .
if x=0
: OR e,
Let S be an open and connected subset R and let /-5 -9 be - differentiable
on S. If. f{c)= 0¥c €S, then prove that /is continuous on S - [4i

_ Determine whether or not the function '

e <
) = :c_2 sm(;) ifi20
; 0
if x=0 g
is bounded variation'on [0, I] {4]

x

Evaluate .[_ xd{cos2x) by using miegrauon by parts. ]4j _

Stau, and prove first Mean Value Thwn.m for Riemann Sticltjes mtegfal 141
- OR

Show that the- second Mean Value— :Theorem for Rlemann mtegral does not

hold on [-1. 1] for A%) = g(x)= ¥ ; 7 14

Tribhuvan Umvers:ty, 2069

Attempt ALL the guestions.

" Group "A’ - 3 _Sx7F=35
State Serred ~Frenet formulae :

i
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For the curve J°= (acos 0, asin 0. a0 col. B).' find expressions for k and T.|2+5] -

OR '
Prove that (2" <)%+ =1 1+ P’ . 171
pJU_Z p-l

; OR ;

" Solve: ij_il 9y = sec 3x. by the variation of parameter method. [7]
: dx’ 3
e OR :
Find the first and second integrals of : ey e
X ﬂf(x?.-&‘} d’y + 4y _dl*gy=0
ave-- ax' e gy i .

Hence find the solution. : : [3+2+2]
Sfate Green's theorem for a’plane. Verify the theorem for f y + v7) dx +

x7dy, where Cis clos&.d curve of the region bounded by vy =x and =x% [245]
-z

. Define anlytic tum.l:on Show that the function [ (z) = o Z#ED;

1) = 0is not anaiytic at z = 0 although C.R. conditions are, satlsi'cd at that

point. |2+5]

Deline Fourier series and its coefficients,
sin \ sin 2x Z\t“ sin 3x

Pove that 2 [ TR g ] =x-xxef0n] % [245]
Group "C" 10x4=40

;. dly L dYy '

Snl\'c:'d—%+ a'a;)z =0 » [4]

Solve :jl—'\z +cot X Eyj+ 4y coscclx =0® 141

by change of independent variable method.
Ix d dz . -
Solve :‘_"L'"——_‘v_‘ £ -

e pe——
Y—a% X hyZ XAy

OR
Find the general solution of 2 ‘(.i +3 o X434
: ax y £
Solve by Charpit's method :
(p+q){px‘+ g)—-1=0 : [4]
OR

Find the PDE from z = (x + av) + § {x - ay)

Solve :r—7x + 12t=¢" ‘
= OR >
Sobve by Mnge's method : ¢°r— 2pgs + pt =0
J;I x* dydz + v dzdx +2z (xy — x —y) dxdy. where S is the surface of the cube,

0=<x<1,0<sy21,0=<z<1. : S [4]

. 2
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124

13.

=
ﬂ [ +y Ayl 2xj dr. wh:.re C is a rectangle in xy plane bounded by y =0,

v=bx=0.x=a s
Find the harmonic conjugate ol u=x — 3\v and the corresponding analytic

/ fum.uon : 14

“OR .
Show that an analytic function with constant modulus in a domain is constant.
Find the I-ouncr seriesof [(x)=|x|in-nExsm - [4]
Prove that : r - k n -kt +ktb iy
and r%= (k" — K = ki) n —2kk't + (2K't + kt') b. ; 1 [2+2]

Tnbhuvan Unn ersity, 2069

Attempt ‘ALL: lhe qm.st:ons

i

L

Group "A" R 5x7“35
Dcﬁne dlmensmn of a vecior space andXernel of a linear map. HiL: g; St
defined by L(x, ¥. 2)={x — ¥, x +z X ¥4 + 3z), then show that L. is lincar
map. Determine the Kernel L and its dimension. : |2+3+2]
Define dual space. Lél V be a finite dimensional: vector space over a field K.
prove that the dual space V* is also finite dimensional and dimV = dimV*.
L Y LI+6]
Define inner automorphism’ of a group. 1f HG) :s thc: set of all inner
automorphism of a group G, thenprove that (G) _ where Z(G) is the
; = ,\'(s) ‘
ccntrc of G.. - : ' . & [1+6]
- OR
Let 11 and K be nwo subgroups of a group & )4
Let HK = {hk/he. keK}. Prove that HK is/a subgroup of G if and only 11‘ ;
HK = KH. IN S;. find two sybgroups of 83 such that HK # KH. If 0 (H)

‘\IO Q). 0 (K).> (0 (G)) . then prove that that HOK# {e}s [3+2+2]
What do you mean by a Euclidean ring? Show that the intcgral domain [Zi..]
is a Euclidean ring where Z is the set of intcgers. Let R bea Euclidean ring and
a. b e R, if b= 0is, not<a unit in R, then show that d(a) < d(ab). [1+2+4]
- OR ;
How: do you define an. ideal of a ring? Let R be a commutative ring with unit
clement whose only ideals are (0) and R itself. Prove that R is a field.~  [1+6]
Let /{X) E-F[x] be of degree n 2>1. Prove that there is an extension E of F of
degree at most n! in which /{x) has n roots. 7
Group "B" ; 10x4=40
LetVbea v’clor space. Let P: 'V = V be a linear map such thut PoP = P: Let
U be the i lmage of P and W be the kernel of P. show that V = UGBW [4]
Let'V = 9% be a vector space. If twoascs
B={(1,1,0), (1,1, 1),(0, 1,2)} and

B'={(2. 1. 1).40. 0, 1), (1, l}.l)},thenf'ndMﬁ(ld) P [1-7

Let V be the subspace of 9i3 generated by the two vectors A= (1. L. ) and B=
199 b e
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4.

15.

-

(L=1L2). If X=(x, X2, M)and v =(yy, ¥, ¥3) are vectors in R°, define their

product 1o be {X, y} = x;¥+ 2X;¥2 + X3¥3, then find an orthogonal basis of V

with respect to this p-odum {4
OR

What is scalar product on a vector space V ?

Forall v. w. € V.prove that [{v, wh S| v [ wll. [143)

‘Let V be a finite dimcosion A vector space ovér the complex field with

positive. Definite hermitian form. Let A be an operator. Prove that A is

hermitian if and only if (Av, v} isreal forailv e V, |4]

Define minimal polynomial of a. matrix A. Prove that the minimal polynomial

of a matrix A exists and its unique. _ [1+3]
OR :

Let V. be a finite dimensional vector space over the field K and LeK. Let
A :V — 'V bea linear map. Prove that X is an eigen value of A if and only if A
— 21 is not invertible. . : [4]
What is fan basis? Let g Us. .......u,} be a fan basis for a linear map A : V —
V. Prove that the matrix 4ss0ualcd with A relauvc to this basis is an upper
triangular matrix. . j1+3]
Distinguish between ordnr of a group and order of an clement of a group. Let
G be a group and oG = p. pa prime. prove that G is abelian. [1+3})
: OR

Define conjugacy class of an element a' € G, where G is a group. Find
conjugacy class of (12) in S; and also find N(12) in S;.

Suppese that G is the internal direct product of Ny, Na,....... Nyo prove that fori .

#j.N;nN;=(e)and if a € N;. beN; then ab = ba. 14]

If a ring R. is an integrai domain. then prove.that R[x] is also an integral

domain, where. R[x] is the ring of polynomials of R. ) 141

Define an algebraic clement of degree n over a field F. Prove that the element

in which is algebraic over F form a subfield of K. o o 4]
OR ’

If plx) eF[x] and if K is an cxtension of . then prove that for any element be
K. p(x) =(x - b) q(x) + p(b) where q(x) e: K[x] and deg q(x) =deg[4] P(*) - |

Tribhuvan Umvers:ty. 2069

Attempt ALL the questions.

F

2,

Group "A" ¥ . 3x10=30
What is the system of coplanar forces? Prove that a system of coplanar forces
acting at different points of a rigid body may be always reduced o a single

_ force through a given point and a couple. Find the necessary conditions for the

equilibrium of the rigid body. : [1+6+3]
Find the components of acceleration along the tangent and normal to the curve
at any instaat for a particle n]ovin“é in a plane curve. Hence find them for a
particle moving in a circle. [8+2]
' ' OR ;
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“and its asymptote.

The velocities of a particle along and perpendicular to the radius from a fixed
origin are yrand 46 : lind the path. Show that the acceleration along and

perpendicular to the radius vector are .
. 2 MO d 1] MR E
prr——rud 48| 3+ =
r e

If the M.I. and P.I. of & body about three mutually perpendicular and

intersecting lines are known then to determine M.L of the body about any other

line through thc point of interscction. [ence define momental ellipsoid.  [8+2]
: Group "B" ~ 9x5=45

Forces P. Q. R act along the lines

‘ x=0,v=0and x cos - vsin0=p,

axes being rectangular. Find the magnitude and lhc line ol action of -the

requllanl. 15]

: 2 . OR-

A uniform beam of leagth 2a, rests in equilibrium withrone end resting against

‘a smooth vertical wall and with a point of its length resting upon a smooth

horizontal rod which is parallel to the wall, and at distance b from it. Show
that. the inclination othe bean to the vertical is sin' (b/a)'>.  ~

State the principal of virtual work for a system of coplanar forces acling on a
particle. A regular hexagan ABCDEF consists of six equal rods which are cach
of weight W and are frcely joined together. The hexagon rests in a vertical
plane and AB is in contact with a horizontal table. If C.and F be connecied by

a light string, prove that its tension is % [1+4]
. a3 ;
What are the (.ak.nary and uniform Lalcnarv" Obtain its equation in Cartesian
form. .l
Find the centre of gravuy of the area included betw «een the curve
© T Y a-x=x

OR . T
Find the centre of gravity of the volume formed by the revolution of the
portion of the parabola y* = 4ax. cut off by the ordinate x = h. about the axis of
X R . g

Define S.H.M. Deduce the equation x = acony] it with usual notations; [1+4]

A particle describes a curve (for which s and y vanish simultaneously) with

uniform speed v. If the acccicmlton at any poinl s be curve prove that

2 S +(.‘ .
cue is a catenary. - [5]
A particle is projected with velocity V from the cusp of a smooth inverted
cycloid vertex is 2r down the arc: show that the time of reaching the vertex 2

g r o -
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Define central force-and central orbit. If the central orbit is an ellipse with
centre of force at focus. find the law of force. [1+4]
OR

A particle moves under a central repulsive force={ __ " . | andis
(distance)”
projected (rom an aps‘, ata dﬁtanu. a with u.lm.n\ V. Show that the equation

]

-
-

to path is rcosp 0 = a where p’= avi +u < 051
a 1’

Determine M.L of a hollow sphere about a diameter: a. b being external and

internal radii: ¥ : : x 151

Tribhuvan University, 2069 5

Attempt ALL the questions.

‘Group "A" - . '3110—‘;3;0
A company during the festival season combines two factors A and B to  fornt a

" megha gift pack uhu.h must weight 5 kg. At least 2-kgs: of A snd not more

than 4 kgs of B should be used. The net prolit contribution to 'ic company is
Rs.5 per ke for A and Rs.6 per ke for B. ;
{a) Formulate this pro&h.m asa linear programming.
(b) Determine the quantities of factors A#fld B so that the total profit is
ma.\nmscd using graphi indicating clearly the feasibie rezion on a graph.
[5+5]
Fill all basic l'easibl-: solutions for the system
2 X2 —Xx3= 2
3N 2%+ X =3, b Xy Xa, Xz > 0
Indicate the basic variables and non-basic variables in the solutions obtained
by vou. Identify degenerate and non—dcgent:raie solutions. Show that the
intersection of any two convex sets of 91° is given a convex set. What hapgen
their union? . i . |3+2+5]
: A R SR :
Define convex polyhedron with an example. If the feasible region of an LPP is -
a convex polvhedron. there show that there exists an optimal solution to the

_ LPP and at least one basic feasible solution must be optimal. [3+7]
Reduce the following ‘game into their corresponding primal and dual lincar
programming problem: 3 - [10]

of PhyerB 3 9 4 T
Player A L.;] 4 2] 2
Group "B" 9x5=45
U:,e simplex method to solve the foltowing 4 :
Max 7 =3x; + 2x>1 3x;3 | *
Subject to the constraints i ] : ;
Iy Rt Xg=2: 0 By +Amb 228 X ), 151

Show that the dual of the dual of an L.P:P. is the primal. : .
202 2



P ¥

i X2 6, X2 = 2, Xou = 6, X31= 4, X33 = 6 is the degenerate basic feasible
solution of the following transportation problem whose unit cost matm is
given below: <

Destinations

D, D; D3 D4 ”
2o 23 ale
Origins 0,14 -3 2 0|8 capacity
0,102 2 3 }i0
SRR e

Requiremenis
- Check the given basic solution for gptimality. [f not, delermmu optimal

schedule. : ! 15]
Solve the following assignment problem. Machines:
e 2 Machines : .
W X N 7

A*| 180 '24. 28
Job ¥ Pl 8. 43 47 :
C 10 s ¥s s A9t B

i £ 200
O N

" OR - [5]
Solve the travelling salesman.. problem’-with the following cost matrix [C;]
where Cj is the cost. mm.llmg from city [ to the city j" : + 5]
To city
i 2 3 4

| 'S 15 30 4

From city 2 Rl S e 1

3 10 P o 16

4 7 18 iR o«

Six jobs are perform firsg on machine X and then ongmachine Y. The time
taken in hours by each job on each maching is given below:

Jobs. A|lB|C|DJE]F
MachineX - |'4 | 8 |3 |6 |7 |35
MachineY 6 13]7]2]8]n
Determine the Qptimal sequence of jobs that minimize the total elapsed time to

. compete all jobs. . 3]
The pay-oft matrix of a game is as, given below:
“Player B
1 3 1
- Player A 0 4 -3
1 S -1

Determine the number of saddle points and tﬁc ‘corresponding  optimal
solutions. Find the best strategy for each player and the value of the game. s
the game fair? [2+2+1]
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10.

I

Using the method ,of Lagranglan multiplier, find the extreme value for the
function flx, ¥y =x"+y" subjecl to the constraint X + 4y =2
OR [3]
Obtain the set of Kuhn-Tucker conditions for the following non linear
programming problem :
Max Z = 2x,° + 2x;X — 1500k : ®
Subjeci to the constraints
2x, +5%,< 98
X X3_> 0. .
Determine the initial basic’ feasible solution of the transportation problem
given in the above Question No.6 using the Least Cost Entry melhud [5]
Dn.ﬁm r"' factorial of x. Find lh:. function whose first difference is. x* +2x+9.
OR e [51
Reduce the difference equation . : §
\ Az)""ZA}‘}=3
to the linear form (involving successive values of dependent variable). Also
find its complete solution. i

Trlbhuvan University, 2069

Attempt ALL the questions.

Group "A" 3x10=30 -
Define slandard dwlatlon "Standard deviation is the best measure of
dispersion.” Cive reasons to justify this statement.
A computer while calcuiating the mean and the standard deviation: uf
25 observations, obtained the following values.

Mean = 56. standard deviation = 2.

it was later discovered at the time of checking that he hzuj wrongly copied
dewn an observation as 64.
What is the mean and :.:andard devmlmn if incorrect talue is omitted?[ 1+3+6]

] "OR
What are raw moment and the central moment? What are the relations between
the raw and (e central moments? How do the moments use in the measure of
skewness =nd kurtosis? : ?
The standard deviation of a symmu:rlcal distribution is 3. What must be the
value of the fourth moment about the mean in order that the distribution is (a)
lepto - kurtic (b) platy - kurtic? [2+2+2+4]
Define correlation coefficient between the two variables. Prave that the
correlation coefticient between two variables lies between —i and +1. What

conclusion can be drawn if 1he correlauon coefficient between (wo variables is
I‘i

_In a partially destruvcd laboratory record of an analysis of correlation data. the

following results are legible.
Regression: 8x — 10y + 66 =0
and 40% — 18y =214 . -
Find the correlation coefficient between x and y. [1+d4+1+4]
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10.

v Give the meaning of conditional probability of an event with an example. What
will be the result if’ the events are independent?
A speaks the truth in 80% of the cases and B in 70% of the cases. In what
percentage of the cases are they likely 10 contract each other in stating the

same fact? - . [3+1+0]

. Group "B" s 9x5=45
What are Uu. graphs and diagrams? Distinguish between the graphs and
diagrams. ; - [2+3])
A variable takes the values a. ar. ar.....ar™" cach with frequency unity. Find
the arithmetic mean and the geometric mean, [5]

In two sets of variables x and y \th 50 observations each, tht: following data
were observed:

x=10,a=3y= 6.a,=2,r=03

Find the regression equation of y on x. [3]
OR .
The following are the marks obtained by a group of s:ludmls in two papers.
Caleulate the rank correlation coeflicient
Eco. 78 36: 82 25 75 63

Stat. 84 51 8169 52 62 [5]
If X is a random variable and a. b are constant. Prove that .
(i) E (aX) = aE(X), (ii) Var(aX = b) a* Var(X). - [2+3] -
Is the function defined below . '
ﬂx)=—{25, o il _
A 00 Mg x<2- ) *
- * elsewhere
is a density function? ) :
Find P (1 il J ' e e
PR :

The incidence of occupational disease in an industry is such that the workers
have a 20% chance of suffering from it. What is the probability that out of six
workers exactly 4 will be caught by the discase?

] OR -
Suppose the number of telephone calls on an operator received from 9.00 to
9.05 A.M. follows a Poisson distribution with mean 3. Find the probability that
the operator will receive no calls in that time interval tomorrow. (e-" 0.03) [5]
In a sample of 1000 cases, the mean of a certain test is I4 and standard
deviation 2.5. Assuming the normality of the distribution. find the probability
that a candidate selected at random will score above 157
Given’P(0<z<0.4)=0.1554. [5)
Fit a straight line trend by the method of least square for the following data: [5]
X:|I'|34416{8(9 '
Yoll|2]4]415)F]-
What is F - distiibution? What are the importance's of F - distribution in

- Statistics? ' ; . C[243]
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OR

A random sample of 500 pineapples was taken from a large consignment and
65 were found to be bad. Show that the standard error of the propomon ‘of bad

one's in a sample of this size is 0.013. [3]
Tnbhuvan Umvers:tv, 2070
Attempt ALL the questions. .
Group "A' 5x7=35
Let V_be a finite “dimensional vector space with a positive definite scalar

producl Let W be subspace of V and let {w. wa. ... w,} be an orthogonal
basis of W. If W =V, prove that there exist Lh.mems Wit 1s Winaaseen Wy O V

such that {W,. Wa...... W,} is an orthogonal basis of V. Find an onhonormal -

" basis for the subspace of %® genefated by the vectors (1,3.~1) and 210 =
[5+2]
2 Let V be a finite dimensional vector space over the complex number of
- dimension =1and let T: V — V be a linear map. Let P be its c.haraetensucs
" polynomial. prove that P (T)=0. .
OR [7]
Let V be a finite dimensional vector space over the complex numbers w nh
positive definite hermitian product and let dim V2 L LetA: V>V be a
unitary operator. Prove that mete exists an orthogonal basis of V consisting
of eigenvectors ol A.

3 Define homomorphism of groups and illustrate it with a non-trivial example. .
Let G be a finite group such that G = AB where A is normal subgroup of G
and B a subgroup of G. Show that aFX =RB.then AnB = {e]. [2+5]

) & OR_ . -
Let G be a finite abelian group and p divides 0(G). where p is a prirm:

; aumber, prove that there exists an element a # ¢ in G such that aP=e. - [7]

4. " Define Euclidean rmg with etamp!u Let R bea Euclidean ring, prove that
every clement in R is either a unit in can be written as the product of 2 [inite
numbérof clements of R, @ [1+1+5]

5. If L is a finite extension of K and if K is a finite extension of F. then prove

* that L is a linite extension of F. Moreover [L:F] = [L KJIK:F} = 171
: Pt Group "B" 10x4=40

6. LetL: %% —» 9t be a linear map defined by '
L(x v, 2)= (x—V, X + Z x,+y + 3z} show that L is invertible. 4]

7. Let V = %’ be a‘vector space. If two bases B = {(1,1.0), (-1,1,1), (0,1,2 )}
and B'= {(2.1. 1). (0. 0. 1), (~1. L. 1)}. then find Mw(id) [4]

8. Let V be the vector space of functions g;ne ted two functions fit) = t and
gty = * with, s&.aiar product <[, g}= jo [ gi dt. Find an orhtonormal basis
for V. L [5]

e Or )
Define dual basis. Find he dual basis of {(1. 2), (=1.3)} of R [1+3]

206



9.

3
Let fbe the bilinear form on M over %% over N defined by f1(x;, Xa), (Xa.
¥2)} = Xq¥ + Xays. Find the matrix of 'in the order basis (1, 1), (0, 1}] of
", : - [41°
OR
Let'V be a finite dimensional vector space over the complex numbers with a
fixed positive definite I form {=, «}, If T is an operator such that {Tv. v} = 0,
for all ve'V then prove that T = O,
Let V be a vector spage over the field K and 2 is an cigen-value of an
operator T : V. — V. Let V;_ be the set of all eigenvectors of T associated
with-eigenvalue . Show that V, is a subspace of V. - i [4]
Define fan basis. Let {uy. us....... u,} be i fan basis for a lincar map'T:V —
V. prove that the matrix associated with 1 relative 1o this basis is an upper
triangular matrix. : [1+43]
If L(G) is-the set of all inner automorphism of the set of all
automorphism A(G)-of a group G, then prove that 1{G) is a normal subgroup
of A(G). : i 3 - 4]
RO ¢ OR
What is normalizer of an clement of a group? Prove that normalizer N{a).
a e G, is a subgroup of a group G. | ; : [ 1+3]
Suppose G is the internal direct product of Ny. Ns.... Ni. prove that for i # .
NiiNj=(e)ifae N, b &N, thenab=ba, ' [4]
Il'J;. the ring of integers mod p, isa field. then prove that prime number.

Bk 1y e . <oy B M
It the primitive polynomial fix) can be factored as the product of two
polynomials having rational coefficients, then prove that it can be factored as
the product of two polynomiais having integer coefficiénts.

* Define algebraic element of degree n overa field F. Prove that the elements

in K which is algebraic over F form a subfield ol K. .~ - [143]

Tribhuvan University, 2070

Attempt ALL the questions, j =

Group "A" . : - 3x10=30
What are the catenary and a uniform catenary? Obtain the cquations of the
uniform catenary fin intrinsic form and hence obtain its equation in Cartesian
form. : [2+8]
Define simple harmonic motion. Show that the period of oscillation of the
SHM is independent of the amplitude. Also pfove that if a particle describes
a circle with constant angular velocity. the foot of perpendicular from it an
any diameter executes SHM. [1+6+3] .

QR :
A particle moves in a straight line under an attraction towards a [ixed point
on the line varying inversely as the squdre of dhe distance fram the fixed

" point. Discuss the nature of the motion. If the law of attraction be inverse

distance show that the time of descent is a'\/:ll‘l : [6+4]
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(1 + cos 0), find the law of forces.

t IR
If the moments and products of inertia about ail axes through centre of

gravily of a body are given, then find those about ail parallel axes. Hence :

determine the M..L. of a solid sphere about a tangent. [6+4]
) Group "B" - 9x5=45
Forces P, Q, R act along thé lines - ) :
x=0,y=0and X cos a - y sin u = p, axcs being rectangular, Find the
magnitude of the resultant and equation of its line of action.
] OR 5]
A beam whose centre of gravity divides it into two portions. a and b. is
placed inside the a smooth sphere; show that if 9 be the inclination of the
horizon in the position of equilibrium and 2o be the angle subtended by the

; hes .
beam at the centre of the sphere then 0 = E‘;—:) 31

Enumerate the forces which may be omitted informing the equation
of virtual work. 131
Using intrinsic equation of catenary. obtain the equations
(i) y = ¢ sin y (ii) yz —¢* + ¢, with usual notations.

. g OR ; 5]
A given length, 2s, of a uniform chain has to be hung between two points at
the same level and the tension has not to exceed the weight of length b of the

‘ +
.chain. Show that the greatest span is (\f b - 52) log (%‘_‘f

Fine the C. G. of the area bounded by the ;'Jarabuln v* = 4ax, the axis of x and

the latus rectum. _ 15
in 2 S.1LM. of amplitude a and period T, prove

' T o, 208 prs
than [ VZdt =55 - 151

A particle moves along a circle . - 2 acos O in such a way that its

- acceleration towards the origin is always zero.

a0 ; PR
Prove that 7 =-2¢cot0, 0% [5]

OR L
Prove that the tangential and normal acceleration of a particle
describing a plane curve be constant throughout the - motion, the
angle y through. which the direction of motion turns in time T is
given by v=.A log (I + Bt). y [51
A particle slides down the outside of a smooth vertical circle starting. from
rest at the highest point. Find the velocity and reaction at any point of the
circle. : [51
Define central force and central orhit. If the orbit is a cardiodc r = 2
' 1]
Determine the M.I7 of truncated cone about its axis, a. b being radii
of ends. : J
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Attempt ALL the questions.

Tribhuvan University, 2070

Group "A™ . . 3x10=30
A company produces two types of models My and M,. Each Mi model
requires 4 hours of grinding and 2 hours of polishing where each M requires
2 hours of grinding and 5 hours of polishing. The company has 2 grinders
and 3 polishers. Each grinder works for 40 hours a week and cach polishers
works for 60 hours a week. Profit on an M, model is Rs.3.00 and on M,
model is Rs.4.00: whatever is produced in a week is sold in the market. How
should the company allocate its production capacity to two types of models
so that it may make the maximum profit in a week? Formulate this problem
as a linear programming problem and hence'solve graphically. [10]

(a2
Prove that the value of a game with pay off (a“ ai:) , without any saddle
2| ;

5

L. g —apdy . 5 !
point, is (@) +82) — (a2 + T1) and hence find the solution to the G—i

[6+4]
Give mathematical formulation of transportation . problem. Show
that the condition Zg = Ib; {i.e. total supply = total demand) is both
necessary and suffidient for the existence of the feasible solution of
an m * n transportation problem. Do you agree the solution of the

T.P. never unbounded? Justify your answer. ) ] [2+5+2]
_ »” /. Or ' .
What is an unbalanced transportation problem? Solve the following cost
minimizing transportation problem. [1+9]
' Destinations
Di Dg D;_ i 'D.1
2 s 25 17 25 20 0 £
8 S |15 10 18, IS 30 B
4 8 16 20 .8 10 | 60 &
e 40 40 50 10
Requirements

Group "B" 5 9x5=45
By using simplex algorithm, show that the LPP .
’ Max Z=-x,+X;

_Subject to the constraints

X —X22-1

=X + 2)(2 <4

%20,%20 A
admits of an alternative optimal solution. [5]
Find the dual of the following primal problem:

Min Z = 3x, — 2x, '
Subject to the constraints -

X+ xS 1
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X+ 3% 24; x20,%20. ‘ .
Also verify that the dual of the dual is primal. : 5]
If the objective function on an LPP assumes its optimal value at more than
one extreme point, then prove that it takes on the same value for every

convex combination of those particular points. : [5]
OR
Solve the following assignment problem:
: I I I v
A b Bl 18 22 26
B 12 7 11 {3
C 4 9 13 16 :

Solve the travelling salesman problem given by the following data: )
C|'=—4 C;; ¥ C“ 3, C[s 4 sz“6, C;4“’3, C35=‘4, C34=7,C35=-5,
Cous=Ty 4 = |

 where C; = C; and there is no route between cities i and j (ie. C;==) [3]

Find the minimal value of

fX.y.2) =X +Y,+z; whenx +y+z=3.x.v,220. . [5]
Find the best strategy for each player from the following rectangular gamc[SI
~ Player B
2 3 11
Player A 7 5 #
- Or '
Use dominance principle to solve the following 3 * 3 game
B.
. 2 3 12
A ; Ppr 2 0
12" 1 I
Or

Use Kuhn — Tucker condmon to solve the following non-linear programmmg
problem:
Max Z = 36x — 4x* + 16y — 2y°
Subject to the consteaints ' [51
2x+v<10, x,v20. ' '
Solve the difference equation -
Y= Yet + Yo X2 2 giventhat yo=1andy,= 1. | - [5]
Or :

Express the polynomial 3x* + 2x% — 2x + 5in fractional notation taking

difference interval 1 (unity) and hence find the first difference of the
function. - : [3+2]

Define hyperplane in 9". Prove that the hyperplane is a convex set.  [1+4] -
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Group "A" 3x10=30
Define standard deviation. Explain why slandard deviation is considered as
the most suitable measure of the dispersion.

Find the mean and standard deviation of the natural numbcrs, the [requency
of each being unity, under what circumstances would you use¢ A.M.. G.M..
H.M. the most suitable to describe the measure of ccntral tendencies of a
distribution. . [1+3+2+4]

5 OR - - 3

Distinguish between central moment and raw moment ofa distribmion.,
Estabhsh the re!at:on : '

i -
PR LT [N ST T VI S +=1 .

The first three moments of a distribution about the value 2 are 1. 16 and —40.
show that the mean is 3. the variance 15. [2+3+5]

Define Karl Pearson's correlation coefficient between two variable x and y.
Prove that the correlation coefficient between two variable is independent of -
the change of origin and scale.

Calculate the rank correlation coefficient between X and ¥

3]5] 8|4 NVlelo] 2 1 6 | 9

6 | 49138 -1 2 3 10| 5 7 [1+4+5

What aré mutually exclusive events? Give an cxperimental def nition of
probability. What do you mean by a sample space? If A. B. C be not three
mutually exclusive event prove that
P(AUBLC) = P(A) + P(B) + P(C) - P(ANB) - P(B:x()) - P(CHA) +
P(ANBNC). S b b
Group “B" 9x5=45

Draw both less than and more than ogives from the following data and hence
find the median mark.

Marks : 10-20 { 20-30 | 30-40 | 40-50 | 50-60 | 60-70 :
No, of students : 5 7 12 18 4715 1 3 |41
Show that in a descrets series-if deviation are small compared with mean m -

so that (m) and higher powers of ("‘) are neglected G = m ( —~"'"I) .

where m is the A.M. and a is the s. d. of the series. ' [5]
Find the mean deviation from the mean and standard deviation of the A.P.
gabda+2d,...o..a+od [2+3] -
OR ' '

In the two sets of variables x and y mth 50 obsenauons each, the following
data were observed
X =10.0,=3.y=6.6,=2.r=0.3
"Find the regression equation of y on x. :
If X is a random variable and a. b are constants prove that
(i) E (aX + b)y=aE(X)+ b '
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: “(ii) var (aX + b)=a’ var X.
6. Verify that the function f{x) is a d.fand derive the p.d.f

Jx)= 0 “for x <0

= x for0<x<1/2

= 13 (l—=x)* forasx<1

=] forx=1 [5]
9. What s Poisson distribution? Find the mean of the Poisson distribution.

or 5
- If the mean and variance of a binomial distribution are 4 and 4/3
_ respectively. Find P(X 2 1). : [3]

10. Fit an equation of the form y = a + bx + cx* to the following data : [4+1]

X 3 4 2 1 5

Yl 33.1 %9 28 25 28

%
IT.  The probability that a man aged 70 years will die within a year is 0.01125,
= what is the probability that of such men ; ;
(i) no body will die )
- (ii) 1 person will die. g [1+2+2]
12, Show that the mean and variance of the geometric distribution
« : pR)=px" x=0.1,2 ..
are 5 and 'gz
Or : ‘ ;
Describe briefly t-test and f~test. } - 5]
Tribhuvan University, 2070
Attempt ALL the questions.
Group "A" 5x7=35
" L. Whatis exact differenua! equation of first order ?
Show that (x -x)—% —(8x* - 3)*1% + l4\la§ + 4y '=“23' is exact Find the
first and second integral, [1+242+2]
. Or : ;
By the method of variation of parameters, solve differential equation = I
(1 -cot x)gx —y cot x = sin’x. . [71
2 Define curvatue and torsion for a curve at a point on lhe space curye. Hence
i state a.nd prove Serret— Frenet formula. [2+5]
Or
_ Prove that [t' t* t"] = k° (kt -kt)=x" p s (k) the symbols have their usual
: meanings. : [71
A When a furletion is analytic at a pomt ? Write the Cauchy — Riemann

equations in Cartesian and polar form. Find X such that the function f (z) = I
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- 18,
il

12,

13,

14,

15.

cos 20 + ir* sin 20 is analytic. [142+4]
State Green's theorem and use it to evaluate
[@x-y+4)dx+ Sy + 36— 6) dv around a circle of radius 4 units with

- centre at origin. - [1+6]

Define trigonometric series. State, when it becomes Fourier series. If a
function is such that -

é,—-qtmcé"ﬁ

f(xJ=l,0<x<n

then show that Fourier coefficients for f(x) is a,= 0. b, = or v i accordmg

as n iseven or odd.

y Group "B" , - *10x4=40
Define oscu[atmg plane and determine its equauon =i
g _
_.‘L = : 7
Solve : 4 + L+ d\) -=0 M
2
Solve : g*"é +4x g‘\i + 4\zy 0 by removing the first denvatwes [4]
From a PDE by eliminating ffrom z = y* + 2f ;:+ log y) 3 [4]
FmdP!ofs+p q=z +Xy, : : [4] *
Sotve p’x+ gy =zby Charpit's method. ; 141 -
Or
Solvc z (gs — pt) = pq® by Monge's method‘. ; [41
Prove that u = x>~ y*, V = ?‘}? both satisfy Laplace's equation. Find the
harmonic conjugate of v =arg.z : [2+2]
N 4
IFF =rr show thit F is conservative field and scalar potential is ¢ ={; +
constant. 2o . [4]
' Or

Evaluate [JF .n ds where F = yzzfi . zzxij ok 5 },zE and § is the surface
of sphere x* + y*+ z°= | about xy — plane. :

Find the real and imaginary parts of ¢* and coshz. - , 4]
Or

Define limit and conlmulty of a complex valued function. Discuss the limit

of l—‘l atz=0. 7 :

ShO“ that cosm\c and cosnx are orthogonal on any interval of length 27
prov:ded m® = n’. Write down the complex form of Fourier series and the
formulas for its coefficients. 4

Define periodicity of a function. Develop the Fourier sefies for
SRS |
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Tribhuvan University, 2070

Attempt ALL the questions
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Group "A"
Define uml’orm convergence of a sequence of functions. State and prove
Cauchy's condition,of uniform convergence for a sequence. [1+6]

Def'm. the i |mpmpcr integral of the ﬁrst kind with an example.

o
Evaluate, f ‘;} Prove that if 0 < fis integrable over [a, t] for all t > g and

1
: Hits T : : .
forp>;l.x_l_':x xPf(x) = L. then f f(x)dx converges. s [2+1+4]
i : _
- Or

-

Assume that
(i) fis integrable over [a.t] forallt2aand IM>0. Vt2a

o

(i) g(x) is monotonically decreasing to 0 as x tends'tp o, theén prove that f

a

M.

o’ '
J(%) g (x) dx exists. Also show that f ;:qfﬂi converges. [5+2]
: A ; e
Prove that in Euclidean space ", every Cauchy sequence is convergent.
: , 1
Disciss the convergence of a real sequence (a,) such that fa,.o — a5+] £ 3

lawe: —aq) foralin=>1. . [5+2]
Define a ﬂmct_mn of bounded variation on [a b] Show that the functlon i
defined by

fix) = {x sm( ) ifx#0

if x=0

is bounded variation on [0, 1]. Also prove that if /- and,o are each of bounded

variation ion [a, b] then so'is their sum and Ve, < Vi+ V. [1+2+4]

Let £ a be defined and abounded on [a. b]. What is a -Riemann — Stieltjes
, sum of £ with respect to @ when fis said to be integral with respect to @ ?

And what is the Riemann — Stieltjes integral of / with respect to a ? Prove

that if /in integrable with respect to a, then it satisfies Riemann's condition

with respect to @ on [a, b].- [3+ 4]

10 : Or -
Let fe R (u) on |a. b] and assume that o has a continuous derivative o' on
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fa. b]. Prove that the Riemann integral [ ) £(x) a' (x) dx exists and It fe)d

a =]} fix o (x) dx. S 7
_ . Group."B" | 10=4=40
6. Define poml wise convergence of a sequence of function on a set. Prove that
x" }“,=l converges point wise but not uniformly on[0. 1]. [1+3]
7. Prove that a finite union of closed sets in R" is closed in N". Prove on
. disprove that any union of closed sets in N" is closed in N". [2+2]
Or
What is open set in 9 ? Show that on an open n ball is an open set in %",
[n+3y
8 Define’an open covering of a set. Prove that a closed subset of a compact
metric space is compact in the metric space. . [1+3]
9. Define isolated point. Prove that every function is continuous at ‘an isolated
point. ' g . [1+3]
Or
Letf: S — T be a function where Sand T arc two sets. If X g Sand Y < T,
then prove that ;
HX=' (V)= ecY (u)Y—t(X):ch (Y) ' |2+2]
- 10.  LetSbeasubseton R Iff: S - Nis d|iTemnltable at c. then prove that f°
is continuous at ¢. 141
il lnv»sugate the convergence or divergence of the integral f 4 \l_ 4}
12. Define total variation of a function on [a. b]. Prove that Vi{a. b) = 0 if and
only if /i§ constant function on [a, b]" : H+3]
Or == R
Prove or disprove that the reciprocal of a function of bounded-variation on
{a, b] is of bounded variation on [a. b]. ' 41
13. Evaluélef o sin d (cos x). by changing into Riemann integral. 4] .
14. ° Show that the second mean value theorem for Riemann mlegral does not
hold onf-1, 1] for f(x)=g(x)= % ’ w4l
i5. f {a,} has a finite limit superior L, then show that it is unigue. [4]
Or : :

Define subseries of a series. If Za, converges absolutely, then prove that
A every subseries b, also converges absolutely, moreover

- A
Z by szlb,|<zla.,| : S (L5
n=1 =1 i
Tribhuvan Umverslty, 2071
Altempt ALL the quesuons
Gronp "AY : Ex7=38

1. Define curvature, torsion and screw curvature | in a curve. I" ind the equation-of
the osculating plane at the point t on the curve r = (a cost, a sint, ct) [443]
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.
i3

i3

OR
Find the curvature and torsion of the curve r=r (t) and r I= r (s).. [4+3]

- Define Monge's method of solvmg second order partial, differential
* equation Rr+ Ss+ Tt + U(rt—s?) =V whem R. 8. T. U. V are functions of p.

q,X.y.and z . [7]
: OR ' .

Define second order PDE. Solve: r—7s + 12t = ¢*¥. ; [1+6]

State Divergence theorem. Evaluate

ﬂ(vz i +2%] +2%%K). 1 ds
where s|s in thc pan of the sphere x* + y* + 7=1 above the xy plane and

bounded by this plane. - [1+6]
Define analytic funiction. Prove that CR equations are satisfied Yor f{z) = Z but
not for f{z) =|z* when z = 0. [1+6]

Define Fourier serics. Determine the Fourier coefficients. Hence find_the
Fourier series for the function/(x) defined as

Sx)=x{-msx<n) ' _ [1+2+4]
Group "B" R 10X4—40
Solve: xz({% +x a‘f ~y = x"" by variation of parameter method [4}

Solve : u =r“&r" (r'a'r- +ar. [4]

dx d ; : &

Solve : 3¢ {y=e';a{-x=e". 41

2 N y

Sglvc:%?’." +ax+y=te™ H‘?’ +y—2x= cost . M4

Sofve by Chafpit's method : g =px +p>. : ; 4]

Or o p
Solve : (9p’z+ql) =4 : ; P sl [4]
Solve : r =2’ by Monge's method.  « ; [4]
& Or )

g;=§£'_ ' 4

Show that thé principal normal's at consecutive points do not mtersecl unless

[4]
Evaluatef F . dr, where F = x’v i+ yi and the curve Cis y = 4x in the xy
pldfic from 1900) to [4. 4]. - - (41

Bhite BFceH the thecrem and evaluate.
fib‘dﬂ % %ﬂiif - Xy} tk + sin x tos y dx, by the theorem where C is the circle :

14
ﬂB ?ﬁm iifiderstaid by 4 HﬁHHdhlb fuhcuun 2 Show lﬁﬁt iﬂ‘ﬁ) \! i is
SH A i ¥ o HaFR O {41
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Define Harmonic conjugate. Show that

(a) V (x; ¥) = 3x’y — y' is harmenic

(b) Find the conjugate function u (x.y) [1+1.5+ 1.5]
Expand f (x) = x* for — 1 < x £« in a Fourier series. 4]

Trlbhuvan UmverSIty, 2071

Attempt ALL the questlons

Group "A" . 5x7=35
Define linearly dependent set of veetors. Let V be a vector space over the field
K. Let {vy V. ... Vn) be a basis of V. let wi. Wy, ... W, be elements of V. If n
> m, prove that w, Wa, ..., W, are lmcarly dependcnt Show that if v,, = (I, 2}
vy = (1.=3)is a basis of 912 then w; = (4, -1). W, = (3. 1) and w; = (2. 5) eR®

-are linearly dependent vectors. [‘/z +5+1 '/; 1
OR : '

‘Let_\f and W be two subspaces of a finite dimensiohal, vector space over the

field K, prove that dim(V + W) = dimV + dimW — dim(UnW). 7

"What do you mean by a hermitian form? Let V be a vector space of
continuous complex valued ‘functions on the interval [-m.m]. if f. geV and

{f.g}= I f(ty g{t) dt, show that this is a hermitian form. Also show that fis -

hermitian fOnn on C"where f is defined by f(x, v) = XAV, [1+2+4]
Give 2 non trivial example of a homomorphlsm and find its kei‘ncl Lel L:G «

— G be a homomorphism and K be the kernel. Prove that Kand Im L are
mﬂmmmWeﬂmikaammdmbmofame

 there exists'a homomorphism h G—;ﬁ wﬁhkqmlNdernndbyMgleg

for all geG. - ' [14442]
OR

Define normalizer of an element 1 in a group G. Prove that the number of
. elements conjugate to a in G is the index of the normalizer of a m Gie.C= '

“‘@‘o?u (a))* Find the con:unacy class of (lz) and normalizér N(12) la S; snd

verify above statement. . [H"h‘!]
Deﬁne Euclidean ring. Give an example of a Euclidea ring. Prove that the ideal
= (o) is a maximal ideal ¢ the Euclidean ring R if and ohly if aq is prite

element of R. < [1+1+8)
How do you define roots of a polynomlal" Prove that polynomial of degree n -
over a fi eld can have at most roots in any extension field. [1+6]
Group "B" 10%4=40
Deﬁne linenr map. Let F : % — N7 be a linear mapping such that . F(x, y) =
Bx - y 4x + 2y). show that F has a inverse lincar map. [1+3

Find the matrix representation of T : 9t' — 91 relative t the usual basis where

T TR, y,2) = (2% =3y + 4z, Sx—y + 22, 4x + Ty), 4]
Find the dual basis of the basis vectors A
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= {(1,2), (~1. 3)} for 9, ’ 2| [41
DR !
Let v,. Vo, .... V, be vectors which are mutually perpendicular and such that

o |lvill # 0 for all L. Let v be an element of a vector space. V and let C;, be the

Fourier coefficient of v with respect to v;: Let a. a,...... a, be numbers. prove

that
n
v— Y ol <
: k=1

k=1

i : ‘
V- 3 8V H >

vy = (-l 2 v = (2, 1) eR®and v=(1.0) eN?and C, = C, =r_%are the

Fourier coefficients of v with v, then verify above statement. [3+1]

Define quadratu. form. What is the associated matrix of the quadratic form f

(xy)=x —3\y +ay™ 2 f143]
Or

Determine the index of nullity and index of positivity for each form

dx.tcrmmed by the symmetric matrix C = (2 I) on 9% by using Sylvester's

theorem. ‘ . [2+2]
Let V be a finite dimensional vector space over the complex number and
. assume dim V 2 1. Let A: V — V be a linear map. prove that there exists a
non zero eigen vector of A. What happens if vector space V is over R? [3+1]
What is fan basis? Let {v,, vy, ..., ¥} be a fan basis for a linear map T : V
— V. Prove *hat the matrix associated with T relative to this basis is an upper ’
triangular matrix. . [1+3]
What do’ you mean by an inner amomorphlsm of a group G? Prove that the
set of all ihner automorphisms 1 (G) is a subg,roup of the set.of all
automorphism A(G)of G. y [2+2]
Let $ be a homomorphism of a group G.onto a group G with kemnel K, prove

: Bk
© that =G, [4]

Define ring homomorphism with an example. If R is a ring with unit element
I and ¢ is a homomorphism of R onto R'. then prove that ¢(1) is a unit

element of R'. _ = [1+3]
OR !

Prove that a necessary and sufficient condition that the element a in the

. Euclidean ring be a unit is that d(a} = d{l). 4 41

If f(x) eF[x] is irreducible, prove that the following:
(a) If the characteristic of F is 0. f{x) has no multiple roots,
(b) If the characteristic of F is p = 0. f (x} has a multiple roots only if |t is of

the form f{ix) = g(xP). 4]
OR : .
- If F is a field of chmactenst:c p=0, lhcn prove that the polynomial x*" —
xeF [x] for n 2 1, has distinct roots. : : 4]
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Group AT _ 3x10=30
Define system of coplanar forces. i

If six forces of the relative magnitudes 1. 2. 3. 4. 5 and 6 act along the sides
of a regular hexagon, taken in order. Show that the smgle equivalent force is
of the relative magnitude 6 and that its line of action is parallel to the force 5

* at'a distance from the centre of the hexagon which is 3.5 times the distance

of the side from the centre. :
OR 0
A uniform beam of lcnglh 2a, rests in equilibrium- with onc end resting

-against a smooth vertical wall and witlya point of its length resting upon a -

smooth, horizontal rod which is paraliel to the wall, and at a distance b from
13
it. Show: that the inclination of the beam to the vertical is sin” ( )

Define angular velocity and angular acceleration. Oplmn the expression for
tangential and normal velocities. )
Show that the Ml of a semi-circular lamina of mass M and radius a about the

; g i 2 3
tangent parallel to the bounding diameter is Ma® (z -
r \

Group "B" 9x5=45
Forces P, 2P, 3P acts along the sides of a triangle formed by the lines x=0. y
= ( and 3x + 4y = 5. Find the magnitude of the resultant and cquanon of the
line of action.
Two equal uniform rods AB and AC. cach of length 2b. are freely joined at
A and rest on a smooth vertical circle of radius a show that. if 20 be the angle
between them then bsin®0 = a cos 8. p
Four uniform rods are freely jointed at their extremities and form a
parallelogram ABCD which. is suspended by the joint A and is kept . in
shape by a string AC. Prove that the tension of the string is equal to half of
the whole weight.
Define the term a vertex, axis. directrix, span and a sag of catepary.
Further obtain the relation between x and y :
Find the centre of gravity of the arca bounded by the parabola y* = dax. the

. axis of x and ‘the latus rectum.

A point describes uniformly a given straight ine. Show that its angular
velocity about a fixed point varies inversely as the square of its distance from
the fixed pomt :
OR
A point moves in a curve, so that its tangential and normal accelerations are
equal and tangent rotates with constant angular velocity. Prove that the
cquation of the path is of the form '
=Ae'+B

A particle moves in a straight line from a distance a towards the centre of the
ﬁ)rce the force varying inversely as'the cube of the distance. Show that the
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. . @
time of descent to the centre is '\]__
Hu

If the orbit is a cardjod r=a (1 + cos B), find the law of force.
OR

il
L3

A particle acted upon By a central attractive force f:lr is projected with

velocity a atan angle 7 with its initial distance a from the centre of force, .

prove that the orbit is r =ac™.
A particle is projected with velocity V from the cusp of a smooth

inverted cycloid down the archacology. Show that the time of 2 % tan™

(=S, “

Find the M. of a hollow sphere of mass M about a diameter whose external
and internal radii are a & b.

Tribhuvan University, 2071

Group "A" 3x10=30
Define correlation coefficients between two varigbles and types of
correlation. Prave that the correlation coefficient between iwo variables lies -
1 to 1. What conclusion can be drawn if the correlation coefficient between
the two variables is (a) 0 and (b) 1? Caleulate the covariance and the
coeflicient of correlation between x and y, when

n=10, 2‘5-60 Ty =60, =x° = 400. Ty* =580 and Exy = 305, [2+1+3+4]

OR
Descnbemggtssmandusgpes. If the data is

x (ageofhusband) | 25 | 22 | 28 [ 35| 20 [ 22 [40 [ 20 [ 18

y (age of wife) 18| 15120 22| 1416121 ]15]14

regresslons Esumal-: the age of husband when the age of wife is 19.

Find the regression coefficients and hence the equations of the two lines of

[2+6+2}
Define skewness and its types. Calculale the Karl Pearson's coefTicient of
skewness of the da

Mid value of the income' 150 | 250 | 350 | 450 | 550 | 650 | 750 | 850

No. of workers 80 [ 105 120]165]|100] 90 | 60 | 40

Interpret the result. [3+6+1]

Define Baye's theorem. Illustrate it by an example. Two dice dre thrown.

what is the probablhty that the sum is greater ihan eight ? [2+3+5]
Group "B" Ox5=45%

Define types of data. Give an example of continuous and discrete type of
data. - [2+3]

Deﬁne measure of. central tendency. Find the geomc.trlc mean of the
220 '
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following data: Loy

X 100 | 150 | 200 | 250 | 360 | 35C
foe ' 7 120115)] 8 5 . :
6. Find the line of regression of x on y for the data : “I51 -
X 6 12 (10°] 418
y | 9 f11] 5 8 7
OR
Calculate the rank correlation coefficient of the data : :
X 1 2 3 4 5 6 7 ] 8 9 10
y 131 811 |7 10219 ]| 4]é]s
s Define law of tdtal probability for two sets. .
Describe the case when the two sets are '
(i) mutually excluswe . ‘.
(ii) not mutually exclusive - : ) [1+4]
8. If X is a random variable dnd a, b are constants, prove that .
(i) E (ax)=aE(X) (ii) var (aX — b) = a® var (X) . [2+43]
9. Find K for the probability density function b
ik {kx, 0<x<2
x)= 0, elsewhere
Find P(1'sx<2). o [3+2}
10.  What is binomial d:stnbuhon ? Fit 3 binomial distribution to the following
data: : [1+4]
X 0 ! 2 3 4 : :
f ] 28 | 62 | 46-| 10 | 4
' Or /
If the mean is 6 and the standard devidtion is '\ﬁ write out the all terms of
the binomial distribution. [51
11. What is Poisson distribution ? If a random variable has a Poisson distribution
such, that [1+4]
P(X 1)=P(X=2),find P (X=4) . [1+4]
12, What is t distribution ? What are the importance of the distribution ?
~ OR i ) [2+3]
A manufacturer intends that his electric light bulbs have  life of 1000 hours.
He tests a sample of 20 bulbs, drawn at random from a batch and discovers
that the mean life of the sample bulbs is 990 hours with a standard deviation
of 22 hours. Does this sngmfy that the batch is not up to the standard ?-  [5]
Tribhuvan Umversny, 2071
© Attempt ALL the questions.

Group "A' - 3><ll3=30
A farmer requires 10 12 and 12 units of chemicals A, B and C respectively
for his garden. A liquid product contains 5, 2 and | units of A, B. and C
respectively, per jar, and a dry product contains 1. 2 and 4 units of A, B, and
c respec;iveljf per carton. | the cost of the liquid product is Rs.3 per jar and
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the cost of the dry product is Rs.2® per carton, how many of cach should be
purchased to minimize the cost in lincar programming and hence solve it

graphically, assuming that the left-over materials cannot be used. [10]
Prove that the system . e
Xy + 2% + X3 = 6; ' 4%, + 3+ xy=12;

X120, %2 0; x3 20, x; 2 0 has a basic feasible solutions

x; = 0, X = 0: x5 = 6, x; = 12. If possible find other set of basic feasible
solutions. : [10]
Show -that the number of basic variables in a transportation problem
of m origin and n destinations is at most m + n — 1. Explain the lowest cost-
entry method for obtaining. an initial basic -solution of the following
transportation problem. -

Destinations
- Ioumo
2t [21 16 25 13
5. 2017 18 14 23
S8 32 27 18 4l
Requirement 16 10 B | o
Also the total transportation cost according to the initial solution.

Or . [6F3+1]
By Vogel approximation method. solve the following transformation
problem: : ‘
o\D[14 8 23
177513 <15 b =
% 1257 T R
16 |19 20 9 .
. Group "B" 9x5=45
Use simplex method, solve the following: )
Max Z = 4x; + 10x; subiect to the constraints;

2%+ Xp € 50; 2x) + 5%, < 100; 2x; +3x,£90; X, %2 20. = I5]
Show that the dual of the dual of an L.P.P. is the primal : [5]
OR . ;

Find the dual minimum of the following:
Max Z = 2x, + 3%, + X3 subject tothe constraints; 4x; + 3xs + X3 = 61 x; +.
2%+ 5x3 =4 ‘
X1 20,%20,x;20. : ) [51°
Ina2 = 3 transportation, draw a diagram which shows-that the caphcities of
the sources and destination arid transfer matrix as well as the cost matrix. [5]
An office wants to buy two types of pens P, and P; from two contractors C,
and Ca. The offers by C, are Rs.s and Rs. 4 for Py and P;.respectively while
thc}offcr by C, are Rs.5.40 and Rs.3.75 for them. Determine the model of
assignments of the pens o the contractors by the office so that the cost of the
office will be minimum. eaif = B 131
A children's game is as follows. Each of players R and C says 'stone’ or 'disk'
or 'paper’, denoted by S, D, P respectively. If one says S and other says D.
then the former wins two rupees from the latter. Similarly D beats P, and P
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