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ASUPRA MULTIMII DE PUNCTE EFICIENTE A UNEI PROBLEME
DE PROGRAMARF MATEMATICA

Rerunuit

Tn lucrare se studiazd o problema generald de programare matema-
lici in care se minimizeaza simultan mai muhe functii de scop pe un
domeniu convex dis spagiul euclidian R Astfel se considerd o vector-
funciie /= f(x) incare x i sint vectori respectiv cu x yi p componente:
X 5= (X1 geeny X) V= (Vipens ), unde v £;(x) sint functii convexe si diferen-

tiabile in domeniul &= {xeR" Ax < b3,

Introducind in multimea y = {y e R7|v = f{x), v ¢ (2} relagia de ordine
naturald (pe componente), un punct x°€ (} se numeste eficient in raport
cu Y daci nu exist® pici un punci vl astfel ca y=flx) = o= f(x).
Dupd ce se aratd legdtura dintre aceastd problemi yi alte probleme de pro-
gramare matematicd in carc intervin mai multe functii de scop, se dau
criterii de eficientd care peimit apoi © clasificare a punctelor de eficientd.
Astfel se obtin asa-numitele curbe eficiente si suprafeje de eficientd de
diferite ordine. Se da i o metodd care permite determinarea efectivd a
curbelor si suprafetelor eficiente. fn partea a doua a lucririi se di un
algoritm convergent care di posibilitatea gdsiri: intotdeauna a unui punct
de eficienti in raport cu Y. Pentru ilustrare se prezintd exemple concrete
care sint apoi rezolvate complet cu metodele propuse in lucrare.

OSCILLATORY HYDROMAGNETIC FREE CONVECTION
FLOW PAST AN INFINITE VERTICAL FLAT PLATE
WITH VARIABLE SUCTION

15y

SHISHIR KUMAR DUBLE

1. Inteoduction. Singh [1] studied the effect of a constant hori-
sontal magnetic field on one-dimensional unsteady laminar free convection
flow of viscous incompressible und electrically conducung {luids past a
vertical infinite flat plate on which the wall temperature of surface heat
flux varies as some powers of time. Recently Bal labh and Singh [2]
considered the unsteady free convection flow of an incompressible viscous
fluid past a vertical infinite porous flat plate with time dependent arbi-
trary surface temperature or heat flux variations when suction velocity
is uniform.

In the present paper an attempt has been made 1o study the effect
of the magnetic field and osciilatory suction upon the free convection flow
of an incompressible viscous electrically conducting fluid, when the plate
temperature fluctuates onlv in magnitude but not in direction. Moreover,
the surface temperature is taken 1o be fluctuating with the same frequency
as that of the suction. The magnetic field of strength B, is imposed trans-

verse to the plate. Similar forced or free convection problems have been
considered by Pop [3] and Krishna Lal [4].

2. Analysis. With ’-axis along the plate and y'-axis normal to it,
the time dependent equations which describe the unsteadv hydromagnetic
laminar free convection flow past u vertical infinite flat plate are [1]
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(2.2) dv 1 dp
el o ay'
|23) (& 0
cy'
i My : 20y
(2.4) 60y e X
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Here g is the gravitational acceleration, &' the velocity along the
plate, r the time, p the pressure, ¢ the electrical conductivity of the fluid,
Pr the Prandil number, p the density, v the kinematic viscosity, % the
expansivity; 0 is the difference between the local temperature and that at
a very large distance from the plate, where temperature, 7T, is constant
and equal to Ty, e, 0 =T - T,.

Following Singh [1], it is assumed that the induced magnetc field
is negligible compared with the imposed magnetic field. Viscous dissipation
and Joule heating effect have also been neglected in writting the above
equations. Throughout this paper the rationalized MKS units have been used.

~ Since the suction velocity oscillates only in magnitude but not in
direction we take

{2.5) v = —gy(l 4- ede’),

where v is always positive and = and =4 are less than unity.
We introduce the non-dimensional quantities defined by

v |9 2t 9o
¥y = R = ) — =
; v o Jv gt
(2.6) o o s
. EROY dve'B;
" ] G = '“,' Hﬂd M Lo .
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- With (2.5) and (2.6) equations (2.1) and (2.4) rakes the non-dimen-
sional form

~0

12.7) (:-u_;_(l _}_EAgfw)@_Mu__l du = — G,
v av 4 4 4t

; o

2.8) G 4 Pr(1 + ede) 26 _Pr9G _

vt vy 4o

with the boundary conditions

12.9) I == 0: u= U, G = |l ! Se!’(.:) = Go(f)
| v=co: 0, G0
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3. Solution of equations (2.7) and (2.8) when Gu(r) = (1 + =) It
is clearly seen from the energy equation (2.8) that the temperature is not
affected by the magnetic ield.

Putting

(3.1) G = fin) + e o (¥)

in (2.8) and comparing harmonic terms, neglecting coefficients of =2, we

get the following systems for the determination of functions f1 and fa:

d_2f1 ! Prdf1 - ()

(3.2)

dv* dy
a- f-) df_z Prio df]
i ‘“—%—Pre———fgz—PrA—
(3-3) dy* dy 4 dy

subjected to the boundary conditions
[ [0y =1 =/(0),
| Af{ew) =0=folce).
The solution of equations (3.2) and (3.3), with the boundary condi-
tions (3.4) is:
(3.5)  fily) = exp (— Pry), falv) =hexp( Pry) + (1 — k) exp (— By),

(3.4)

where

0 41AsPr .8 1 (Pr | | Pr¢ -+ iPro).

(O] 2
‘Then the non-dimensional temperature is given by
(3.6) G = exp (—Pry) + eefot {hexp (— Pry) + (1— h)exp (— Byt

Again substituting relations (3.6) and u = Fi(y) + zets fg(y) in (2.7)
and comparing harmonic terms, neglecting goefflcmms of €2, we get the
following system for determination of functions Fy and F»:

d*Fy n ary MF; = —exp(— Pryl,

dy:  dy
(3.7) &2F; , dFy _ MAio) g 4 dFt oo (— Pry) —
dv? dy 4 dy

— (1 — Ay exp (— By).
The boundary conditions are:
f Fi{0) = 0= F(0);

ot | Fy{o0) =0 = Faf o).
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The solution of systems
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of hydromagnetic flow is given bv

(e—ny — I’ry)
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Taking real part of (3.6) and (3.10), we get

(7 - (I 5. sin mt) exp (- Pry) =
[ O]
Pr 0 ry . O
i 11 . . - . 5
(3.11) ! ‘exp! (2 + 2(:052)__1)}(:05(01 A s1n2 +
- 4A=:Pr | Pr n A . revo. U)
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and

3.7), with the boundary conditions (3.8) is:
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[O]
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The rate of heat transfer at the plate is given by

3 y2q” 1 24=Pr?
0 LI - Pr{l + - zcosar) - = S o
kv,'f 2 €
(3.13)
27 ( | U) 24P r, {i
COS | tal = ST | o3t — 1.
2 2 o [ 2]
where

and the skin friction coefficient at the plate is given by

| 2d=

(O]

grnn TO (Pr— =)
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24, I3
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' ) --rpsin (mr 4 ;} ra8in (mt -+ (—;'”

- ‘ls 4_APr1_‘)‘ (Pr—1} cos wr
231 )

G
o Cos(mt | )_ 72 COS (m : 0!]‘ )
2 2

4. Discussion. Velocity profile for different values of parameters A
and M are represented in fig. 1. Velocity increases with the increasing
suction velocity while it decreases as the magnetic field strength M increases

Fig. 2 shows the variation of dimensionless temperature with v for
different values of 4. It is found that temperature decreases with
increasing suction (with increasing the constant A).

The variation of skin friction at the plate with A, for different
values of M and ¢, is shown in fig. 3. Fig. 4 gives the variation of non-
dimensional rate of heat transfer at the plate with 4 for wr==/2 and =.

It is seen that skin friction decreases as M increases. The effect of
constant suction is first to damp the skin friction but as A4 increases, the
effect of suction becomes to increase the skin friction. Further, we see
that an increase in the time causes, a dampness in that part of skin fric-
tion expression which is due to the oscillatorv part of the variable suction.

1

[:I —2(Pr 4+ m)} X
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Hence it is seen that when A=0 the effect of time is to increase the
skin friction but when we include the oscillatory part of suction the effect
of time becomes to damp the skin friction.
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From fig. 4 it is seen that as time increasesi.c., wz increases, the value
of that part of Q, which is due to oscillatory part of the suction increases
numerically. It is also seen that as time increases, the rate of heat transfer
at the plate, first decreases and then increases for large values of A.
Further the effect of suction is to increase the rate of heat transfer ar
the plate when wz — =/2. When «r = = it is seen that as A increases, the
effect of suction is first to damp O and then to increase it.

Acknossled zements, The author hes a debt of gratitude to Professor Ram Ballabh for
valuable encouragement and guidanee te him in connection with the present work. He is
also indebted to the State Council of Scientific and Industrial Research, Uttar Pradesh for
giving him tinancial assistance.

[eparement of Mathemarties,

Lucknotwe University,
Lucknor (INDIA)

REFERENCES

I. Singh, Dilip — ] Phys. Soc. Japan, 14, (1964}, 701,

9., Ballabh, R and Dilip S1n g h  Ganita, 18, (19673 39,

4. P o p, I. — J. Bul. Inst. polit. din Tasi, 3-, (1967}, 173,

4. L al, Krishna — Trans ASME Series F [, Appl. Mech. 361, (18647, 427,

CURGEREA HIDROMAGNETICA OSCILATORIE, LIBERA DE CONVECFIE PESTE
O PLACA INFINITA, CU SUCTIUNIE VARIABILA

Rezumat
Se considerd curserea liberi de convectie a unui fluid viscos, incom-
presivil si electric conductor peste o placi poroasd infinitd verticald, In

prezenta unui cimp magnetic orizontal constant, cind viteza de suctiuni
are sceeayl frecventd ca temperatura de suprafatd.

CASCADES OF LINEAR BOOLEAN AUTOMATA
BY

DAN A. SIMOVICI and CORINA REISCHER

I. Introduction. The notion of Linear Boolean Automaton (LBA)
was introduced and studied in [3], [6].

We shall recall some of the main notations.

A LBA is a 5-tuple o ==(7, &, 0, f, g, where I (the set of inputs)
is the Boolean matrix algebra @, 1, § (the set of states) is the Boolean
matrix algebra @~V and ¢ (the set of outputs) is the algebra of the
same lype B." 1), Regarding the nextstate function f: & X J—d, which
gives s{t - 1) — f(s(r}, u{r)) and the ourput function g:& > 7 — 0, which
gives y(1) = g(s{1), u{r)), we have

(1) s(z+1)=Axs{) UB xXu(),
(2) vir) = C % s() UD x ufr),

where A, B, C, D are the characteristic matrices of the automaton. We
shall denote the automarton <l by
Qa=-<A B, C, D>,
Now, we shall study the cascade grouping of LBA.
[I. The cascade grouping of LBA. Let o = (3(-V, @1, B 1,

Fis &)y (B, BV, BT, f,, &) two LBA. We suppose that the

outputs of the first automaton are considered as inputs of the second
one (see fig. 1).

The aim of this paper is to study the system which is obtained
in this manner and also, to study the set of LBA endowed with this ope-
ration of ,,cascade grouping®.



