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1. (a) (i) Let X=R U {0 }U {— }. Define the metric d on

Xby: ¥
d(x,y)=tan"' x—tan" y|,x,y €X,

where tan™! (00) = 1/2 and tan”' (~) = ~T/2.
‘Show that (X, d) is a metric space.
(ii) Let X denote the set of all Riemann integrable
functions on [a, b]. For £, g in X, define:
b
dif,g)= J,\f(x) = g(x)| dx

Show that d is not a metric on X. 3+3=6

Cauchy in the Eucli-
in the

6
P.T 0O

(b) Prove that a sequence in R" is
deat ettic dy If and only if it {s Cauchy

tagitum mettic doo.



2

Show that the metric Space (X, d) of ratiop,

numbers is an incomplete metric space.

(© ()

(i) Let X be any nonempty set and d be the discrey,

~ metric defined on X. Prove that the _metric Space
X,d)isa complete metric Space. 3+3=¢

2. (a) Let (X, d) be 2 metric space. Prove. that the inter.
section of any finite family of open sets In X is an open
set in X. Is it true for the intersection of an arbitrary

family of open sets? Justify your answer. 6

(b) Prove that if A is a subset of the metric space (X, d),
then d(A) = d(A). . 6

(c) Let F be a subset of a metric space (X, d). Prove that
the following are equivalent: -

(i) x€F

(ii) S(x, €) NF# @ for every open ball S(x, €) centered
atx;

(iii) There exists an infinite sequence {x,}, n=1 of
points (not necessarily distinct) of F such
that x, = x. | 6

3. (&) Let (X, d) be a metric space and Z € Y & X. If clx(Z)

atd cly(Z) denote, respectively, the closures of 7 in the
tiettic spaces X and Y, then show that:

CelZ) =Y nelyz). 6



(¢) Let d, (p 2 1) on the set R"be given by:

alx, 1y) = Qialxy -y e,

for all Y1 X, o X), =01, p1, ...y 1) i R, Show
that (R", dp) is a separable metric space. 6

. (a) ?rove that a mapping f X, dx) > (Y, dy) is
continuous on X if and only if /”(F) is closed in X for all
closed subsets F of Y. 6 %

(b) () Deﬁne an isometry between the metric spaces
(X, dx) and (Y, dy), and show that it is a
homeomorphism.

(i) Is the completeness of a metric space preserved
under homeomotphism? Justify your answer.
4+2Y21=6Y

(¢) State and prove the Contraction Mapping Principle.
1Va+5=6Y%

. (a) Let f be a mapping of (X, dx) into (Y, dy). Prove that /
18 continuous on X if and only if for every subset I of Y

fAE)E (FHF)" 64
P.T. O



4
(b) Prove that the metrics dj, d, and d defined on R"

o by:
o di(x,y) = Lj=1 ,xj - }'j,§

2
d(x,y) = (Z?:dxj -~ y,-l )12, and

‘ doo (x,y) =max { [x; = y;| :/ = 12...,n}
for x = (x1. x2, ..., Xn) and)'= (y1, 2, ..yn) € R
are equivalent. 6"

(c) Prove that a metric space (X, d) is disconnected if and
only if there exists a continuous mapping of (X, d)

onto the discrete two element space (Xo, do). 6%

6. (a) If every two points in a metric space X are contained
in some connected subset of X, prove that X is
6"

connected.

(b) Let (X, d) be a metric space and Y a subset of X.
Prove that if Y is compact subset of (X, d), then Y is

bounded. Is the converse true? Justify your answer.
6"

(c) If /is a one-to-one continuous mapping of a compact
metric space (X, dx) onto a metric space (Y, dy), then
prove that fis a homeomotphism. 6%

Moo
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I State true (T) or false (F). Justify your answer in brief :
.(,a) Z,®L, is isomorphic to Z_ where Z is used for group
119 P — 1 — 1} under addition modulo ».
(h)  The largest ppsslhle order of any element of external

ditect product 2, & 2 ® 7. 1s 36



2 ) s .
( 0y

K and"L are-normal subgroups of a groyy, ¢ The
H, e

© If , } ;
Gis internal direct product of HK i L, "t H_KL anq
H b e b= gk WhERS'E is identity of G__
@ The- order -of the‘grouP of A ._automo'rphisms of
" additive group of integers i greater e
(¢ The dihedral group D, of order 8 is a SUPETOUp.of the
symmetrié group S,
0 For—‘ ény two groups G, ind 6,6, 94, 1s isg morphic to
_ ‘ | .
6,86, __ |
(@ LEt Gbea non;abelian group. A map G x G — G is given
‘ . (g, 4) s g.a=agfor all gand a in G. This is an action
- of G on itself. -
(h) Every subgroup H of a group G of index 2 is hormal

in G.

() Iforder of a group G is greater than 1, then the conjugacy
| action of G on Itself is transitive.
() In8, the all conjugacy classes are {(12),(13),(23)} and

{123, (1391



@

(b)

(é')

(@)

(h)
(©)

3 ) : o
Prove that for any positive integer n, Aul(Z) is
Somorpth to U(n), where Z is the group {0 F 2
i i ]} under addltlon modulo n and U(n) the group of

units under multlpllcanon modulo » and Aut(Z") denotes _

the group of automorphisms of Z .

' Define the com;nutafor su'bgroup G’ of a group G. Prqve

that G/G’ is abelian and if G/N is abelian then G’ is
subgroup of N.
Prove that ihe order of an element of a direct product of

fnifé number of finite groups is the least common multiple -

“of the orders of the components of the element.

Prove that if a group .G is the internal direct product of a

fnite number of subgroups H, H, ........... H , then G is

isomorphic to the external direct product of H,

Find all subgroups of ordet 4 in 7,017,

Let G = {1,7, 17, 23, 49, 55, 65, T1} be the group under
multiplication modulo 96 Express G as an internal direct

product of cyclic groups.



(@)

)

(©)

()

- 2
G be an abelian group of order 120 and g has ®Xactly
LetG b : |

v ine the isom - ,
rder 2. Determine OPhign ¢
ments of ' | s
three ele

of G. - “n |

D fine kernel of actlon of G on A and explajp when
e . .

this action will be called falthful..‘
(if) Consider the actiofl of the qihédfal group D, of order |
8 (;n the set A = {{ li, 3}, ‘{2, 4}} of the unor‘deréd pair
of opposite vertices of a square. Show that this
action is noi'faitﬁful. Further, show that fdr 'eifh¢r~
' ‘;é A '(a ={L, 3}N or. {2’ 4}), the stabilizer of ¢ in
D, equals the kernel of the action, ‘
Lc;t G be a group and A be any subset of G Define

centralizer C U('A) and normalizer NU(A) of A in G. Further,

for the symmetric group S, and a subgroup A = {1, (1, 2)}

of 8, find centralizer and normalizer of A in S, where

| detotes I(lentlfy of'S .



(@)

(&)

( 5 ) - e

Let G be a-group, H be a subgroup of G and let G act by

left multlphcatlon on the set A of left cosets of H j in G. Let

: ciated i
m, be the asso permutation representation afforded

by this action. Then, show that the following hold -

() G acts trahsitively on A.
(i) | The stabilizer in G -of IHe Aisa subgroup of H
A v»;here .I is identity of G.

(i) Kemel of 1 is equal to ﬂxe oXHx™" and the kernel
of T, is the Iarge;t normal .subgr‘oup;of G contained

% in H. |

Letl G be a group acting on a non-empty set A given by
g.a for 'all.g € G and for all a € A. If a, b‘e A and
b= g.a, forg e O,_thven show that Gb = gG‘g"_. Deduce

that, if G acts transitively on A, then ketnel of the action

'i8 ﬂmgﬁ‘,g_' where G_denotes stabilizer of x in G.
: v

() State the class equation for a finite group G. Find all
conjugacy classes and their sizes in the alternating
group A "

(/) Let G be a group of ordet p2 fot sote prime p. Show

thitt It Is sotiorphic to elther 25 or 7 - 7,,,“



M

6. (a) - Show that for any posmve mteoer'n greater than | or equal

to 5 the alternating group A of degree 1 does not have

a proper subgroup of index less than 7. “
! '(b)l Prove that if order of a group G is 105, then it has normal
e . Sylow 5-subgroup and normal Sylow 7-subgroup
. :(c)‘ State and prove the lndex theorem Hence or otherwrse,

show that there is no snmple _group of _order 216.
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._ a)
b)

d)

Usmg Lap!ace transfonn solve the system of equations, '

&' —-x+2y,y =x+e™’, x(0) = y(0) = 0 At ~ [6]
Using the factorizafion s* + 4a* = (s ~ 2as + 2a2)(s = Zas -1- 20,2) '
show that: ' - R

‘ iy {s*+4 }—- ———-smh atsmat o 16]
Find the Frobenius series soluuon of Rk s _
"4 2y +xy =0, [6]
Show that the function f(t) = sin(e‘ ) is of exponential orderas t = o0 but that
- its derivative is not, | vt
Explain the linear congruence method for generating random numbers by giving a
suitable example. Does this method have any drawbacks? Ilustrate, (6]
Use Monte Carlo snmulatmn to approximate the atea under the curve f(x) = vx.
over the interval = TEX S :; i 6]

Using simplex Metlmd
Optimize Gy + 4y
Slli')_j(.’(,fl 10 x4y %12 ,
x4y £ .

2 + 5y €80, ¥,y 20 6]
A siiall harbor hag unloading facilities for ships. Only ohe ship cah be Whloaded
al Ay one thing, The llnlnndlng, Lime tequired for @ Qlﬂh dt‘pr‘nﬂ': on the type and
the amount ol cargo afd varies fom 45 (o 90 winites,
el fs glvet d stuation with § ships '

(1)



(55

ship I ship2 ship 3 ship 4 ship 5
{.’O 30 IS 120 25
35 45 60 75 80

Unloading time
(M) Draw the time line diagram depicting clearly the situation for each ship,
the idle time for the harbor and the waiting time. 4]

List the waiting times for all the ships and find the average waiting time.

(2]
(3]

Tiume between successive ship(in min)

(ii)

a) (i) Draw the graphs of K5, Ns. and C-.
(if) Define a r - regular graph. Prove that, a r - regular graph with n vertices

1
has SnrT edges.

B3]

b) (i) Define Eulerian graph. Which one among Ks, Cy Qg are Eulerian. Explain

with reason. 3]

(ii) State Handshaking Lémma. 3]
¢) Find two further ways of arranging fifteen dominoes from (0-0 to 4-4) in aring.

(6]
d) Prove that a connected graph is Eulerian iff each vertex has even degree. [6]
a) Find two linearly independent Frobenius series solution of -
axy" +2y" +y=0 ' oo 1]
2412 ' :

b) Show that: L{t cosh kt} = oE KT

»¢) Carpenter problem is given by:
Maximize z= 25x+ 30y
subject to 20x + 30y < 690 and Sx+4y <120 x,y = 0.
Determinie the sensitivity of the optimal solution to a change in “c” using the .
(6

objective function ¢ x + 30 y.

d) Prove that if G be a graph in which every vertex has an even degree, then ¢ can
be split into cycles, such that no two cyeles have an edge in common. |6]
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a) Let d and e be two metrics onaset X. Let g be the function defined on X x X

by g(x. ) = min {e(x. ¥). d(x, ¥)}. Show that g ‘need not be a metric on X'and
find a condition under which it is a metric. | 4 |
& g L (6}

b) Define an isometry ¢ between the metric spaces (X, d) and (Y, ¢). Show that

‘every isometry is injective; Further show that @ ~1is also an isometry. Is @

a;( thomeomorphism?
(6)
¢) Suppose (X, d) {s a metric space, w e X and A is a subset of X. Then shosw that
dist( w, cl(A)) = dist(w, A),
where ¢l(A) Is the closute of A,
! (6)

2. W) 1T 9 dsa subset of d el space X, prove thal

(h (8% = I8 )
(1) §° = [ & X dist(x 5°) » 0}
(6)

(‘\



b) Suppose (X, d) is a metric Space and A € X. Show that

diam(A) = diam(A)

Is diam (4°) = diam(A)? Justify your answer.

(6)
¢) (i) Define a bounded metric space. Give an example of @ bounded and an
1 unbounded metric space.
1 (ii)‘Suppose X is a metric space and S is @ bounded subset of X, Show that
a closure of S is bounded in X. |
| (3+3= 6)
;

3 a) Suppose (X, d) is a metric space and S is a nonempty subset of X. Prove that S.is.opey

in X it andonly if S is a union of open balls of X.

©

| ©
i, b) Suppose X is & metric space and Z is a metric subspace of X. Suppose + € R,
! Ifx € Z, then prove that by [x;r] N Z1s the closed ball bz [x; r] of Z. and all
 theclosed balls of 7 are of this form.
|
j ¢) If A is a honempty subset of the metric space X then show that x € A° if, and only
! if; thete Is o sequence in A® that cofiverges Lo v il \

(6)

4, ) () Let A bé a nonemply sibset of o etide space X, Prove that

fhe function [« > distog A 18 Giiftemly contintions

(11) Prove that a funcetion with 4 diserete metic space as its domaii fs continiig

(A 1 3=6W%)

(9)



bset A of real li i
b) Prove that a su of real line. R is totally bounded if, and only if, it is b
, > . 1t1s bounded, -

+ Suppose X is @ metric spac i i
(i) pp pace and f is a strong contraction on X. Then, prove

that f is uniformly continuous on its domain
(343 %4=6"%)

5. 2) State Banach’s Fixed- Point Theorem. Suppose f: R 2R is a differentiable
function and there exists k € (0, 1) such that |f'(x)| <k forall xg R
Then, show that { has a unique fixed point.
(6%
b) Suppose X is a non-empty set and (Y, e) is a metric space. Shéw thatthe
space B(X, Y) of bounded functions from X into ¥, x?ith its wpmmum .
metric, 8, defined by i
- 8(frg) = supfe(f(x), g(x):x € X} fortf g € BX, Y),
" isa cotplete mettic space {fand only it'Y is complete,

(6%)

¢) Prove that the closure of a connected subset, A, of a metric space (X d) is

connected. :
s 1 RLE

ot
3 : (6% )

q
(“7 p l.‘l:\.

(e “)



s a metric space- prove that X is connected if anqg .
Y if

6. a) Suppose (X, d) i

: / i s functions from X t A
either X=@or the only continuou o the disoreqe
o constant functions.

point space {0, 1} are the tw

(6 v,
o metric space and £ X DY | ~ )
ag;metnc space and /- is a continuous map,

L

Prove that fX) i compact and that /is uniformly continuous.
S _ . %)

¢) State and prove Inverse Function Theorem.

b) Suppose X is a comp

(6%,
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L@LetB= {(21), (3,1)} be an ordered basis for g2

; - Suppose that the d i -
g* = {fuf2} - Then determine formulas for f, ppose that the dual basis of § is

given by and f, explicitly.

. mind all the eigenvectors of the matrix 4 = (1 1
) Find @ atrix A4 (4 1)_
(c) Let Abeareal n X n matrix such that 4° = A4 . Then show that A is diagonalizable.

(d) Let Vv=C ([0,1]) be the infler product space of real valued continuous functions defined on
[0,1] » with the inner product given by

(f,9) = fol f(©)g(t)dt, for f,g €V,
For f(t)=t and g(t) = e“inV, compute (f, g), |If|| and llgll.

(e) Apply the Gram-Schmidt orthogonalization process to the given subset

§= {(1,01,0),(1,1,1,1),(0,1,2,1)}

of the inner product space V = R* to obtain an orthogonal basis for span(S).

(f) Let F be a field and let £ be a finite extension of F. Then, prove that £ is an algebraic
extension of F.

(g) Find the degree and basis for Q(V3,v5) over Q.

(h) Prove that sin@ is constructible if and only if cos @ is constructible.

2. (a) Let V be a finite dimensional vector space. Prove that V is isomorphic to its double dual
V** ) '

v N
(b) Let T be a linear operator on a vector space V  and let
Aty Agy s Ay be distinet eigenvalues of T. 16 vy, vy, .., v, are eigenvectors of T' such that A;
corresponds to vy (1 <& < k). then {vy, v, .., v} 18 lineatly independent.

(¢) Let T be a linear operator on a finite dimensional vector space V and let W be a T'- invatiant
subspace of V. Then, the characterigtic polynomial of Ty, divides the characteristic polynomial of

i

Aoty Let pt) be a minimal polynomial fora linear opetdtor 7 on a linite dimensional veetor
spce Vand Ty be the zero operator o V.1 g () s any polynorial for which g(1) = T}, thet
show that p(r) divides g(t)  Hence or ofhierwise, show that the iminimal polynomial of 7" i
(i

() Let V be i i proditet space over 19 Prove that fordll v, v &V,



. , 1 .
'\-"y)::zllx-kyll —lx—yl?ifF = R;

\ Lgd gk K12
% 2l Sher Ellx + *y|I2if F = €, where i = —1.

. following set of data, use the least square a imati '
’ pproximation to find the line of best fit:
2,6),(0,2), (LD} i

Define an inner product space V(F), where V is a vector space over the field F = RorC .

4 (@
4.0) e that

A.lso, pI‘OV .
(x,y +z)={x,y)+ (x,z) forx, y, 2 € V.

inner product space and S = {vy, V2, .., Vi) be an orthogonal subset of V
vectors. If y € span(S), then prove that

(©)

& oy =UT

whete T* denotes the adjoint of operator T

5, (a) Let I be'a field and let f(x) € F[x]. Then prove that any two splitting fields of f (x) ovel

F are isomorphic.
(b) Show that Q(vZ,V3) = Q(vZ++3).

(©)If B, K are fields such that Kis a finite extension of E and B is a finite
then prove that X is @ finite extension of F and

[K:F] = [K:E][E: F].

extension of F,

0. (4) Yot each pritme p and eachpusitive integer 1, prove that there is & unique finite field of

otdet p™ up to Isothorphism.

() Let F be a fleld and f(x) a Hot-cotstart polynotnial in F |x]. P
field B of I' 1n which f(x) has a zeto.

(¢) 1F d atid b e construetible hutbers, en prove that @ + b and o -
sotisttiietible,
()
Y,

Fove that thete 18 an extengiol

b e dlso
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(iii) All questions carry cqual marks.
[ (a) Consider the LPP
' Minimize z = €X)
subject t0,
' AX =b,
X 20,
where A is mx nmatrix with rank m. If X is an extreme point feasible solution of
the feasible set, then prove that X is a basic feasible solution of th 0
Ax =6, X20. Is the converse true? e system
(b) Consider the LPP
Minimize z =X,
subject to,
; AX =b,
" 4 YY) 4
Suppose thete exists & basic feasible solution with z, —¢, >0 for some non-basic
varlable x, and I, £0, then prove that the LPP is unbounded.
(¢) Solve the following 1P using sitmplex tethod:
Mitlmize z = x, +; = 4%
subject to )
x) 4+ xy o+ 2wy €9y
X 4 Xy - Xy %2y
=~ X + Xy + Xy £ 4;)
gy ¥ Xy 2 0,
() Use wo-phase shiplex tietod to solve the following:

Muxdtiize 7 = 2% + 3%y,

sibjedt to
By + 31y 2 1)

o 4 xy g1,
X B0 Xy i fheal et

(1)



wa

(b)

®)

(a)

pig-M met od to solve the following:

Use e 2X2s

.\ﬁnimiZe = =M w

subject 10 y+nsh
xl + x2 Z 1,}’
Xp x2 '>’ °

B 2)ucunss
Find the inverse of the matrX [ 4 __1] using simplex method,

Find the dual of the following problem:
Mmlmlze 7=X1 + X2 + 2x3.7
subject © X 426223
X2 + 7%3 <6,
x1—3x2+SX3 =5}
X1 X2 2 Q}
X3 unrestricted.
Ifxisa feasible solution of
Maximize Z = €% )
subject t0
- Axs b,
220,
and w is any dual feasible solution of
Minimize 2* = b'W,
subject to
ATw 2T,
w=0 )
then show that ¢x < bTw. ‘
Solve the following L.P.P. by solving its dual:
Maximize z = =2Xq —~ 3xy/
subject to
2x1 = Xy <3
24,
Xi + 3%2 > 10/
4x1 - xz —<- ""10)

xy 2 0, xy urestricted,

o g cosl-minimizing transpottation  pro
approximation method to find initial basic feasillﬂe qamﬂf{mbm Use Vogel:

Dy by Dy Byl
0 ¢ 8 Lo, 4 | |
| )
()y 4 3] | 4 | N
01 | ) | ;
el 1 1) “ |
|5 ‘\

|)\



S lowing cost-minimizi i
Jve the tollo ng assignment
problem:

() So

if’/ i a . _M_c 4 1 s ]

’ :// 3 3 1 g : 1’
;,B// 7 5 l N -
" C ] 2 1 p) 3
P

D 3 5 1 5 3
—

E 3 1 1 1 3
(T——

Use the minimax criteria to find best strategy for each player, saddle point and

© value of the game having following pay off matrix:
Player B
-3 -2 6
Playerd |2 0 2 ]
5 =2 =4
Is the game fait? Give reason(s).
y §
(a) Usethe relation of dofninance to solve the game whose pay.ofl matrix is given by
1 2 4 . L
10 6
0 1 =1

and Henee find the optitut sitategies and value of the game.,

() Solve graphically the gare whose pay off matrix is

b 1l

e Lo # 1inet Progretitmli problet atid (heh sol

e by

(c)  Rediee e following gai
giniples Hethod:
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- [nstructions for Candidates )

| (1) Attempt any five questions from each section.

(ii)  Each question carries 5 marks.
(i) Use of scientific calculators is allowed.

Section-1

5 it ¢ : "
1. Examine theéfglqwing functions for continuity at origin: ‘%—U’\, _m - 4 Lx’«g);l_‘;}
a)(flxy) = }‘2"13? ; Fo

e

Sinz, x #0

B . sistance R
2. When two resistances R, and R; are connected in parallel, the total resistance

satisfies ;; =2 +Ri. If Ry is measured as 300 ohms with a maximum error of 2
R Ry 2

percent and Ry is measured as 300 ohms with a maximum of 3 percent, what is the
maximum percentage error in R?

it ¢ & { H % : ; & d
3. Ifyisadifferentiable function of ¥ such that sin(x + y) + cos(x -¥) =y, find e

4, Lt 1?(:x,' y) be the temperature at euch point (x, y) in a pottion of the plane that
i g oy AR SN & o A e '"l f()(t<2 S | -.aT::,, d—a—t x
'qmmilns the ellipse x = 2cos(t), y =8in(t) for 0 <t < 2n, Upposez- =y an ay:®"
dhigal 0T d?r
a) Find -‘(-E and o
b) Locate the maxiiiim and minimum temperatures on the ellipse,

5 Find the equations of he tatgent plane and notmal line gy (e point Po(1:-1,2) on the
9 9 .
SUFTHOE 8 glven by %y + y%7 4 2 = §

&

00 Firid the alsolite extronmg ol the funetion FROH) = eV oy the dise x? 4+ y? g

'
]

Section-11
7o A cultiilner 8" e e shape of the el BIVEH by 0 e x < |, § SYSL0gpgl A
plete 15 slied {1 (i cotltier i sieh o way tha | OECHfsIes thHitt portion of e Plane
REY 2= | that ley (1 (e cbleal ontatier, | (e COMATNEE 15 Wented s it
B peraHife 1 eoly POIRL (%, 9, 2) [ glyen Oy T8, 2) = 4 « 26 %t i Wi
oF dehees Celslig, Wil g e sttt el s OIS 61 e flates



g, Find the area of the region between v = ; i
0<% < St Y = cos(x) and y = sin(x) over the interval
a) Single Integral
b) A double integral, ,

Show that volume of the sphere of radius R is 2 nR3
STR3.
b s e :
10. Evaluate fffg z°ye* dV, where B is the box givenby 0<x<1,1<y<2 1<
i R

. Evaluate [ff, xdV, where D is the solid in the first octant bounded by the cylinder x*
+y> =4 and the plane 2y + 2 = 4.

12. Find the cent‘r.()id of the Solid with’con_s'tant density & and bounded below by the xy
plane on the sides by the cylinder x* + y*=4 and above by the surface z=x* +y*.

Section 111

Suppose that the vector field F and curl F are both continuous in a simply connected
region D of R’. Show that F is conservative in D ifand only if Curl F = 0.

Show that no work is performed when an object moves along a closed path in a
connected domain where the force field is conservative,

Evaluate the line integral | - Xyds where C consists of the line segment C, from (-3,
3) to (0, 0) followed by the portion of the curve Cy: 16y = x* between (0, 0) and (2, 1).

13

14.

Find the mass of a lamina of density 6(x, y,2) = z in the shape of the hemisphere
Z””'\/(lz 2 y“)’

17, Evaluate [[(x + y + 2)dS
uf—vk, 0€u<€l0sv <

I8, State divergence theorem and use it (o evaluate Jf,; FINdS where = xyl - 2%k
and S is the surface of the upper five faces of the uniteube 0 € x < 1,0 €y £ 1,0 <

z< 1
P
_ o )V“ (‘"'.m‘
SO GO

0

16.

where S is the swrface determined by R(w,v) = ul +

NpWN
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