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Name
F‘“ .
Pogsition

Adress
Nationality
Marital Status

CURRICULUM VITAE
(February 1974)
Prof. Dr. Abdel Fattah Ismail

Senior Under-Secretary of State,
Ministry of Higher Education.
Cairo Egypt.
4, Ibrahim Naguib Street, Garden City, Cairo
Egyptian ’
Married to :
— Samiha, PhD. Professor of Organic Chemistry,
-Ain Shams University, Cairo.
— Having a son a.pd\a'r. Dauéhtei :
Mohamed, Ph.D. Civil Eng.,
Riee University, U.S.A,

— Nablla, Ph.D Assmtant Professor
Bmchemlstry Calro Umversnty ’



Qualifications :

— B.Se. (Firat Class Honours-Chemistry)
Cairo University (1937)

— M.Sc. Organic Chemistry (1940)
— Ph.D. Organic Chemistry (1945)

Professional Career :

1.

QOccupied various academic posts at the Universities of Cairo (1937-
44), Alexandria (1944-50), Baghdad (1949—delegated), Ain-Shams
1950-1951) Alexandria (1951-1957) and Kuwait (1966-72).
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SYMMETRISED SPIN STATES : A SIMPLE
EXPLICIT EXPANSION

By
NAHID G. I. EL. SHARKAWAY * and F. AYOUR **

ABSTRACT

A gimple explicit expansion (requiring neither Young operators
' vector-coupling coefficients) is given for the states of n spin 14
ticles characterized by the Young tableaux

1 N ve ™ 1 -a nd I 1 _ -1
plpz se e m_ln Ip1p2 res pm-ln
he irreducible representation [n-m, m] of S,, taken in the standard
ng ortyogonal form, The correctness of the expansion iz established
serifying that the states satisfy Young’s theorem for the matrix
5

n,a —;z

Young’s theorem :

1
v o or -0~} _— 1
SCRIE U LS
d
1
v = I ...nl , —_ (2
n~1 PiP, .. Ppay -] SH8>' @
ith
1
S = \-i-(n-Zm), M = §,5-1, cery =8 — (3)
d
p1<pz<...<pm_1 — @

'El Azhar University, Cairo,
Ain Shams University, Cairo,
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integers taken from the set (2, 3, ..., n-2), denote two vector-coupled
spin states of n spin %4 pa:t:cles, the transformation proparties of
these states under permutation of the particle numbers being deter-
mined by the given Young-Yamanonchi's labels of the irreducible
representation [p-m, m] of S, the standard Young orthogonal form
for this representation being understood

Young's theorem states that

i Y (h2-1) .
Pansl ¥n T "W bt 1w Vel " ®)
1, YD,
A R TR e ®
where
- ™

b = n=- 2_1!1 + 1
is the axial distance from n to n-1 for these state Iabels (see Figure 1).

h = no~2m+l

1 ‘e _ “as n
PriPa| o | Pp-1dhp-1
2m N=2m

Figure 1. Arial distance from square labelled n to spuarre labeued
n-1 in a Young tableau of [n-m, m].

§2. Notation and lemma

Using the usual notation,

a, B — (8
denote single particle spin states having
m, =+ Y% — —_—

respectively, We use the abbreviation
, — (10)
l l 1 2 B e, )a



—_— 8 — -

being the spin‘stategfor particle i, '
We make repeated use of the lemma

113 . |2
i.z"3

which follows immediately from

1, |§|2 -0, —— @2

=- 0. —_— 13

§ 8. The explicit expansions in the case M, "= § :

Taking first, for simplicity, the special case M, = S, we postulate
that the following two sums (equations (14) and (20) ) of m-fold
products of two-particle determinants into ‘u-2m)-fold products of
single particle o states, with the normalisation factors indicated, are
the correctly normalised and symmetrised n-particle states.

b, = 1 oo 'n-1|.8S>

P1Pp «o= Py ®

q

q B )“1 Pyt iqzl i Yot :D'll EEI. '_nnl “1%2 30t *pmre
a m a5 Py g1 Py Q4" o-1 :m-l
fa, LT PPN I R Sar L) B
£ L2 PYRYRY SP 20 PYLETES S
(14)
where
8y < B < ... < By, — (15)
are the
h—1l1=n—2m — (16)
numbers remaining when the 2m-1 distinct numbers .
Qs --=s 9 » P1s Poy eee s P, —_ 1)

are removed from the set (1,2, ..., n-1) and the normalising factor
N is given by

s, = 0 (D, (03 lp = (2mm4) Hp,_ =42m-3) Ha= (202) Hom (2am1) }

— (18)
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lote, for later use, that the last two terms in N, may be written as

{n - 2-2)}{n-(2m~1)} = (h+1)h,

Similariy -

2« [1 ...n[s>

'plp2 se pm_ln"'l

(19)

Po-1 ‘1

' q\n-l' n-2

l P 1 n-l’alaz‘"'b-?n’
Ut

I IS PRTEPL I '!' ML PYTCTTL Y
'i' P1 L 20 STy P & JT) JYRILH NSt

p
- oy l
e p

J(N Dq1=l 1

th now

a4 <ag < ...<ay —_— (21)
ng the

h—2=n-—2m—1 —_— (22)

mbers remaining when the 2m-1 distinet numbers

Q1) 92, --s G Pis P2y «eep Py, (23)
- removed from the set (1,2, ..., n-2) and

' Py (Py=L) (py=2) (py~3) e by~ (23-4) Hpy_y =(20=3) H (0=1)= (20-2) H{ (D21}

(24)
ote that the last two terms in N, _, may be written as
n-1) — (2m-2) 1 [ (o-1) — (2m-1) ] = h (h-1). (25)
Proof of Young’s theorem for Yo and ¥

before we use throughout

h=n—2m+1 —_— (26)
| use
By ... @; ... 3y i=12 ..h—1) (27)

denote the set 2,a; ... a,_, with a omitted.

the



By comparing ¥, aod ¥._1+ teking note of the fom of the

last two terms of Nn and N -1» e see, since P ,o0-1 affects caly thy

following respective parts of vn and wn 1 denoted by ‘Rn and B 3

\ N ‘-1

a,
1

- 1 h-1 . o-1
R T — . &132 vas ai vas ah-l}(u_l) + a ‘1“2 0Qa "'i_‘.'l .

a /LChel)n) Li=1

, — (28)

n-j

a8y wer By e %_}I

(29)

1 [ L
R - : {
=l stm-Dn i1

Young's theorem for ¥, W, , is then established if we can prove

that
S | /(h2~1)
Pu.u-]. Rn - h R+ ‘_'_'h n=1! (30)
. 1 (h?-1)
Pn.u--l Rn-'l * *r Rt —% R, —— (31)
For the L.H.S. of (30) we have
et o [ )
(32)

whilst for the R.H.S. of (30) we have



+ ’,(hd-l) R

1
Th Rn h n-1
r ' h"'l a . 1 1
i 1-1{ n |%1%2 0 %1 "h-l}(n- g
n-1
. 1 - 3132 ses a-h_l
A7{ (h+1)h} '
h-1
'I' (h‘fl) Zl 1 2 ese a see &h_ }
L i= J
(33)
Using then the lemma (12) in the form
a, -
iln e [P Ha, 4 In (n-1) = O, (84)
0~ ] = 2 Iai
we have
n={Lra,
| 121{ g1 132 see 8]._ ane ah_l} n

8 = (h—l))ngllala

h=1 ria .
' izl { 818, sue 8 ees ah_l}(n-l) - {35)

n
and applying this to the -+ 1 part of the last term in (33) we find

2 LA R | a'

i ah*l

R.H.S. of (30)
T4, :
+ h ee a a‘ 299 %
} 1 io1 [0= i “h-1
hv{ (h+1 (h}
_ . n=l
i i1 7 31?2 eee ah"].

(36)
= L.H.S. of (30).



Similarly

LHS. of 31) = P R

n,n-1 n-!

e'

" h-l
- 1 z { 1
© /{(h-1)h} l j=1 \%

318‘2 caw ai “ow ah-l} (n"'l)“

(37)

R +',(—h2_-,—1111

1
.H.S. -
and R of (31) = + L = .

fFr. o g ©

B3 {

i=l

a.
1 . °
n"'llalaz s ai ene ah_l} n

- ....._.._.:.I.'—— h-l a.
b S
{ ¢

h/{h(h-1)} [+ (b-1), le 8,8, eeo 8y aes ah_l}(n-l)
; 4= 4

n-1
|+ -1 I n Ialaz RN %

> s T —— (38)

Application to this of (35) shows directly that R.H.S. of (31) = L.H.S.
of (31) and Young’s theorem is established.

5. Note on the normalisation : non-orthogonality of terms in the
expansion.

Tt follows immediately, from cthe restrictions placed on the
summation variables GQ;,0,; s« , that the number of rerms
. o 1772 N Y17 .
o in the expanaion for v, ' 18 given hy -
= - -1-2) ... =1=~2{m=2) }{n-1-2{a~1))
o (py~1) (py-t 2) {p . -1-2¢ ) (&
= (pl-l)(pZ—a) Xy {P!n_] - (2:!3'3)}{11"(29"1)] a
(39)
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Each term in this expansion is normalised by the factor.

LIV —_— (40)

{due to the occurrence in each term of m  two-rowed determinants).
However N is oot simply che product 2"an: thare is & cozrectica dus to

nog-orthoganalicty of the individual terms in the sun. In feet we bhaya

(41)

n
N-Zonr

1) n

whera

o T P e Ry - (28) Mo - (20-2) /20

. (42)
is the correction due to non-ortliogonality. Similarly for ¥

6. Removal of the restriction M, = S

The expansion (14) for ¥, is valid only when M, =S8
This restriction is however easily removed. In each term of the ex-
pansion the m two-particle determinantal functions are singlet spin
states and contribute nothing to M, . Thus the maximum value
M, = S is contributed by the totally symmetric spin state

%ss T B18p eer By

(43)

for the remaining
h—1 = n-—2m —_— (44)

particles, These thus have their spins coupled to the maximum re-
sultant S = 14 (n—2m) and the corresponding spin states are totally
symmetric.
The general spin state with M, = S—r is given by

i h=t . .
Sy = h:l Ai2ye0e @ 20 eea @, A ees B ﬂi'r or By

1 1., 1 1
] 1se 1 1 2 Ts
® v Lr 1% e

where, in keeping with the previous notation,
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4 repre:ents the a . gpip state @, for particla mmbered = *aand
w i

)
. J
oW, uaing a pey notation,

&, rapresents the B spin etate Bai‘ for parricle numbered 2, and

EIIL {s used to represent the replacerent of a“:‘. by Bai- (45) is €hua
the totally symmatric normaliged cembination cbtained from (43) by Teplacing
in all posgible YBya T of the ¢ stateg by B srotes leading to

I{S = S-r. It is well-known algg that this jig the correce 'Vector;cnupled

. gtate when the coupling, as here, is to g maximum resuitant,

Thus the expansion for the general case

¥ 1 qpon"l!
0o = SH
’PIP'Z L B pIII—In > ——— |46)

with Mg = S-r, r=20,1,2, ..,, 25 = b~1 —0 47)

is obtained from the expansion (14) valid for M, = §8by replacing
in each term

by the normaliged totally symmetric linear combination (45).

The similar result holds also for v, (equation 20) where
now, of course, we may have n replaced by 3 (ie. an Treplaced
by 8, ).

7. The special case of states symmetric or antisymmeiric in the
particle numbers n—1 ond n

Expansions for these Epecial cases can be written d_own ir% j:he
dame way as for ¥, and ¥ —~ and the above properties verified.



— 10 —
Weo consider threo cases in turn, taking again for simplicity M, = §,
the extension to general M; being made as in §6.

Case 1 : n—1 and n both in the second row

with

Maeln T PLPIZD (20 (py=3) e (B ;= (2-6)1{py o= (245}

I

X {n-1-(2m=4) Hn=-1=(3m=3) }{n=(2m~2) }{o= (2~1) 1, h
We have —_— (48)
vﬂ.-l'n = ,1 N “ne SS
P1P2 sen pm_zn-l D
pl-llql o o1 !qzl Pog™t g 1 - T
q,°1 P q -1 Pl ™*° 91 Pm-2l
+ ql '+ Qys9revesq
= 1 +P +P-’P pesesP
NP L P2 -1
a=2m+2 a, a. a, @
IR IR RN a a
s i_);j {n—l n n11 ln I} 192 *vc Bg cee 8y eor By oe2
L 1
(49)
where
PE -
(alaz ase ai e aj XY} an_ZN+2}’ o 1< j. (50)
is theset (1,2 ...... n—2) with q,45 ...... Qo P1Dg «oovns Pm—, Femoved.

Remembering that P, _,  acts only on particle numbers and not
on coefficients, it is immediately obvious from the form of the last
term, which is the only place where the particle numbers n—1 and n
occur, that

+ ¥

Pn,n-l v =1,n n-1,n — (61)

as required.
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Case £ : n — 1 and n both in the first row
with

Nn-l'n = Pl (Pl-'lj(pz-z) (P2'3) »es lpm‘(?.ﬁ'z)}{l’m'(zm_l)]s’

(62}
we have
eesn—i T ?\
n-1,n n §
¢ lp1p2 0od pﬂ l
7 P =
o T e T e e
/o ™ q1=1 Pila,., ‘fm"l i
}a; . (AL L PETASL
| PPy
(53)
with
(ay a2 ... a5 m) = (1,2, ... n-2). . > wEs . — (D)
Q92+ 9mP1I'P2 -+ Pm
the particle numbers omitted from the set (1, 2 ...... n—2) being

indicated by the particle numbers with dots, we see that each term
in the expansion for go—in contzing the particle numbers n—1
and n only at the end in the form

(o—1)n = a, | —— (55)

Case 3 : m even (= 2 m) with n—1 and n in the last column
which is symmetric in n—1 and n as required.

with

Ny = pylpD) ?7=2) (7,-3) oss {pﬂ-l-(n-fn)}{ .‘1-1-{‘1-3)} 2,1, ——(56)
z 2

(with the last two terms coming fram (r=(Zw-2)}{n-(22-1)} since 20 = n),

1 n-1
P p asw P n Ob
172 R

Z

0"
wn—l: o
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P, = RS
=0 | qn - —
Pyt Pyl .2 5= -
S WOt R o T B i I ANt
- /(Nn ) w1 -pl q s] Pz q PE_I a
- n=-1 ql 2 0 .g_—]_-l 2
tq .

~ ,q .sl.’q
1"t n_
t P, 7

a p1 .pz..- .’p_?_-z
7
(57)
Here the particle numbers n—1,n occur only in the last determinant
]n-l -
= a -
[ n a-180 < Bpqas (8)

which is clearly antisymmetric in n—1 and n.
Thus the constructed states have been shown to satisfy Young's
requirements for any position of n—1 and n in the state labels,
§8. «Internaly permuiation symmetry : effect of P,_, witl,
n < n.

For the expansicon in this paper to be proved correct mot only
must they agree with Young’s theorem for P, («external»
symmetry), they must also agree for all P_._ with n’ < n
(<infernals symmetry).

We look in turn at the various cases.
Internal case 1 : n'-—1 and n’ on the second row
In this case we may write

so that the function label (for y_, for example) has the from

P.qp °© a'-l, P; © n’, — (59)

“ - i B ) n-l
(n'=1,n')n PiPy +0= Py 5(@'™=L)n" p. . .,. @

s>
(60)

In the expansion for this state the particle numbers n’—1 and n’ will
oceur only in the sum
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e

i
L.

ni'—z {

i<j ¢ IR PYTTTI Py
1l

n

L]}

(61)
the sums before this term all variables are less than n'—1 and

+ Plspzs re '3Pi_2

ums after this term they are by definition { Pir1s Pi) - { 0%1,0* )
follows that the expansion has the required property

—— (62)

‘“1 '-L,a'n " Y V(gre1nt)p °

this argument holds for all the various possible external
ty types
n-l,n p-} —— (63)
Vo Vo1 wn—l,n’ v ¢n ¢

caze 2 : n'—j and 7’ in the first row

1 easn=1
wn p192 e .pl._lp e P

D (g4

2lg in the fiftst row are

(1 anw PI aan pz sam wae pi-l aew pi‘_'._. L--- Prl .:.- ﬂ.-l)
P at —_— (65)
PpoPy ,revs P; 119 ’ .'_"' Po — (66}

cutive pair of particle numbers n —1, n’ must avoid these gaps.

pllows that if, on the one hand, (n'—1,n’) is in the interval

ad '.

l wae ;{i)’ ". 1 = ] 2, *ney o1 "ltﬂi 13

ision for
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(a'-L,a") [1...13.[...92... TR JRRRTL CAbp OLAPRRY JPPS ceaBy_yeeen-l
Al l @
PiPp roe PPy ovv Ppogt
(68)

with contain the particle numbers n’—1,n’ always in combinations
of one of the following three forms :

1 ' .
n'-1]|n' l + [P || 1 , k = i+l,i+2,..,,m with P,0;
Pi pk pi . Pk Rt : e
. (69)
n'~1l|n’ N n'(n'-1), —_— (1)
Ps P; '
{n'=1)n°*. —_ (T
If, on the other hand, (n’—1) occurs in the last interval :
(Pmey  seeee. 1—1) — (72)

then it follows that in each term of the expansion the particle numbers
n’—1 and n’ will oceur either in the combination

r_ ]
n nll“' + M-y ——— @3)
or (n'-L)n'. (74)
Thus p _w(nr_l'nl) _ . (n'-l,n')
nl'nl_l n - 'Pn . L
(76)

Similarly for others forms of exiernal symmetry and general M

Internol case 8 : w'—1 and W (= 2m’) in the same column

-This case is easily trreated hecause the particle numbers n'—1
and n' will occur in each term of the expansion in the form of a two-
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particle determinant (singlet state) and eannot therefore appear
elsewhere in the expangion either before or after thé determinant. In
fact his singlet state for particles n"—1 and n’ separates a singlet
atate for particles 1,2, ...... , n—2 from a spin state for particles
n’'+1 n’+2, ... y IL

An example will make this clear : -
12578

3469 9
S

| [13-13)(24-24) L ; [(79-79)8
= 273 o _ /-i' (56"56) /g -
+(23-23) (14-14) s +{89-59)7

)

= Az 2 (5% + T334) - (1734 + 173% + T23% + T254))

x /556 + 56) ,—% {2 787 - (789 + 789)}

1|5
- 1,2,3,4) 5 = | .
¢00( a3y )/ 2‘5 ¢il (7,8,9)
In thiz example n'-1 = 5, g* = 6 and the singlet state
1l|n*=1
72| o'
" normalised spin stata qpss(n'-!-l. 0%42, ...y 0), Hote that n' must be

separates a mormalised singletctate ow(1,2,...,n'—2) from a

even (= 2n') and the scara for particles 1,2, uees, 0'—2 is always singlet.
Thus wa may write, for uf ='p’..

nt=-1

v o

- 11 n'-1 - 1’
n- lpipz e pi_zu'-z_n' P£+1 e P $>

© 6.2 vy ni-2), -;-[“;71[%3(.:'41,:.%2,...,n}-tm

and we clearly always have



Pn{n'_l v [n;:elJ = -y [nl;-'-l}

for all kinds of externa] symmetry and all values of M -
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YOUNG OPERATORS FOR THE REPRESENTATIONS
[r-1,1] and [2 1] IN STANDARD
ORTHOGONAL FORM
By
NAHID G. 1. EL-SHARKAWAY
Depariment of Mathematics, El-Azhar University, Cairo, Egypt.

Al

(Recieved 4 January 1976)

Abstract :

Explicit expressions in tefm of ket and bra tableau operators for-
med from symmetrisers and antisymmetrisers and tableau permuta-
tions are given for the Young operators for the representations [n-1,1]
and [ 2 1717 of the symmetric group S, in standard orthogonal form.

1. Introduction :

Jahn (1960) gave the young operators of S, as linear combinations

of two-sided produets of Young operators of Sz-3 with the particular
transposition P,,.-;. To reach an explicit expression a long chain of
calculations is required. It is the aim of the present. paper to simplify
the young operatorexpansions for the two representations [n-1,1] and
[2' 117 of 8, in standard orthogonal from. A complete set of young
operators for the two particular representations is explicity constructed
and tabulated.

(17)
(2)
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2. Young operators: notation and properties

-

The (n-l)2 Young operators Ozb (a,b = 2,3,...,0) for the representatiom

[b-l,f} of Sn in standard orthogonal form are required to sartisfy

n .n n
0. Ocd Spe O - e e (2.1}

Qg n 2,4 n
Pa’m_l O (l/a) o, + (a®-t) /a}oaﬂ,b s e = s (2.2)

n - n 2.4 n
oab Pb,b+l (1/b) oah + {(d"-1) /b}oa,b+l .. e e (2.3)

Here the numerical labels a, b are abbreviations for the standatd

tableau labels

1l ove & (au @ £,2 v a~1 a+l ,.. v~} 0

A = = v O « o a (2.‘#)

noa a”
1 voe b suem 12 ...b-V b+l ,.. n-1n
LY

Bn s = M » " e = (205)

b b
where, following the author's notation (El-Sharkaway 1%75), aort

is used to dencte the owission of 2 or b from 2...n. The coefficient
\/2 occurs im (2.2) end 1/b in (2.3) beczuse the Young axial distarice

. N, . . .
from a+l to a 1in An i3 +a and from b+l to B 1in Bn is +b,

n
akpn

representation [ilu-%l of Sn tsken in standard orthogonsl form 2ra

The (n--!)2 Young operators © (a,d = 2,3,.,..,n) for che

required to satisfy

DI.'l

2 n
Py gnt Oy = (/@000 + (20N s oo o 26

I = - o 2_..4 n
oaﬁb* Pb;b’l (Jfb)onﬁb* + {(b°-1) /b}oa*b+lﬁ e e e (2.7



.

Here the starred numerical lsbels a¥, b* are dbbreviations for .

the standard tableau labels -

A; - .]ax...i...n = laj2...a-1 a+l,...0~l n , » » 5 (2.8)
BX = Ibx...b...a = IbAZ...b=1 bel,.o-t n , X )
where, using again the author’s rotation (El-Sharkaway 1975)

the abbreviations

la Ib
lak.,.a.cn = , Ib¥esb...n ="' . . e ¢ £2.10)
a—-1 b=1
a+] b+1
1 -

.are erployed to si:l;plify the printing. The coefficiencs -(1/a),
.and =(1/b) eceur in (2.6) and (2.7) becausc the Young axial distance

£from a+i" to 2 in (2.10) is -a and the distance from b+] to b is -h.

3. Symmetrisers and antisymmetrisers: nroperties

Sand .Eare used to denote symmetrisers and antisymmetrisers defined

by

= (I/nl) T p e (301
St alln! P in §_

-~

Ao = 0D § 0P e ()P paricey of B

alln! P ig § -
n ... (3.2)

is the Young operater fer the totally symmetric representation

S

[n] of sn and is eotally symretric f.e.

l.-l

?S|.un -Sl...n F .SI...n’ Pin sn" 0 (33
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ﬁl 0 is the Young operator for [I"J and satisfies

(‘UP PHI...n ='ﬁ’l.,.n SIS =’ql...n‘ 0P parity of P, P in Sn‘
| w34

It follows from {3,3) and {3.4) that

Sl...a S‘1...11. -Sl...nsl...a = SI...n »a<m - e 3.3)

R‘t...a-'ql....n I'H!...nﬂl....a I=ﬂl...n » 251, - - - (3.6

these being special cases of a general relation {Jahn 1960 (3.(4}).

From

A

ﬂlaSla a !(I-Pla) !(.I+f“-|a) =0 z Sia la ... (D

follows

£ =0

IR Y -

'&la S’I...n =ﬁla Slla SaI...n =S-| aTt S‘Iaj?la - S‘I.

- . (3.8

and more generally

Rl...agl...nESI..-nﬁl...a=Hl 5. :Sl..:a'?l. =0,

_— . en

a=<n. « e (39

A basic property of the symmerrisers and antisymmerrisers,

following directly from the definitions (3.1), (3.2) is given by

Jp—

Sy = WD Py vt B JMBES

44



-5

— 21 =

£

- S]...l:l {(I+Pln+Pzn4...¥Pn_l'n)ln) v . e . (3.10)
By p = (TR g meeem Py MR
'ﬂg...ﬁ ((X-Py ~Py —eomB ) Pfn) e . (3

4. Peduction of wultiple symmetriser antisymmetriser products

We show that the followving four relations hold:

W BS, DBS,P - VEIAS, ) G

N A B!
i) (ﬂlas\l...i...h)(&asl...a...b) - b/{z(b-'l)}('alasl...é...b) {ucb <)
. s oo (8.D)
G S, AN, B - SOEIS, R o
.. e (5.3)
(#v) (S...;..:.I:uat:l)(gl...é...b&aJ " bf{z(b-l”(sl...;...bqa) (a< b o).
' . .. (4.8)

A zurther get of four relations (used in conaescion With [2!"'2] may

be obtained from the above,interchanging H,by S and § by R chraughout. .

Proof of (ii)

1t will be sufficient to escablish the second ;claticn as
(i) fc;llcus from it (b = a) acd (iii) and (iv) are a direct consequence!
of (i) and (ii). Relaction (ii) may be rewritten as

\
-

[R,S...5..p " PL/2OG-DIA, S o =00 .. (.5
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Putting (from (3.10))

Soein = (P gt R e R V=D S, 2 e

o o o (&6

comutiog S, with Rla. using (from (3.5))

.ocio--b

S2eeiaub Stovia b TSy A 2 - - e (0.7

writing.ﬂla = (IrPlaDIZ, removing the common factor 2/(b-1)
there remains
[ap pae g revr ) -0 RS, 5, =0,

« o o (4.8
Row

P Py " Parg = P Prp G - 2,.0058500,b) I )

and (from (3.4))

ATV, TS P o+ . (5.10)
There remains :
(T4 o+ . o4¥ At P 1
"I:",z*"'*" .t -bI) 9;31.,.: b ce (4.11)

or, chenging the overall sign,

j ZE....;’...b(I-P -PuJ)Rl Sl"'a"'b B 0 * et (!‘"2)

Bow (from 3.11))
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Wy = (T=Bys m Ry, - G Zyarsshresesd!

R (N E

and {from {3.9)) . *
RiasS.an “Pag Ay Sy Siane ” 0 ()= 2emazeeeib)

RPN CRTY

Hence ralation {ii) has been established.

Clearly the further four relaticns used in connection with
E-_Z"lu-’z.:[obtaincd from (4.1) to (4.8) by intet"changingﬂ.a.nds way

be established in a very similar manmer.

5

5, Bra end ket tgzbleau operators

= - a4 -

Bra and ket tableau operators (ﬂnl and |B ) are defined for

["'-I ' l] by

< i <J...a...n

1...6...nd 12 e
b >"2{'(b"')'(“'”’&b“)-} S S 1S Y

-2[(;—1)(n-l)I(an)}”25'1 &;aﬁ"l,,,a,,.,.
LoD

-2 e 50D
and for Ezln J by

<nn*:| - <{ ter i) *

1/2

Q?R- cedes .n] = 2{{a-1) (n-1}/(an)}

R

Ai.Lasidh i
T L (5.3)
15" 1[ '“b"'“] )- Inm...b...n) = 201 (a-1) 1 (5n)}E

"Ql...b...nglb (PR

- - - (5.&‘



<Aﬂl and |3n>' become equal wvhen a = b = n ¢ : -

¥i .
o= (o

= ) - |;:“>' 20=0/al5) | 18,8

licin -
» e e (5.5)

.. . " *
and likewise with <An | and |Bn > :

.
»aall

]+ ot = < iy s,
ST (S"GJ

Ve may put n = a in these expressiens and ohtain

1...a

o > - 2'{(a—|)f.a}.Sl'_.aﬁusl...a '

.. (5.7)

<ﬁal . (:...i

= ’Aa> =

<A;| =<lu...;! = IA;> = [aw...a) = 2{(3-—1)!&1}.}2"“;5;3;?

leesd

L ] (5-5)

these being tableau operators for the reprosentations [a-l,!] and

EZiE_ZJ respectively of the symmetric group Sa.

&, "Diaponal" bracket and kee-bra tablaau operators

Compound bracket and ket-bra tableau eperators are defined as simple .
products‘uf the corfesponding bra and ket opevators. Included ip our
main theorem is the statement that the "diagonal™ Young operator Oza .
for I:n—l,ﬂ is equal to the bracket tableau operator <An|An'}. and sim~

: n=21 ,n is ] ax -
ilarly for [21"7] 044« i8 equal to (Anign) . Thus from (5.1) = (5.4)

I...é...n>
a

[

a l...;...n
o, = (ade> =,



- a{(a-l}(n-l)f(an)} Si...:R.5

LRSI CRLY
. (A;IA;) = <1'£1'ta..a...n|lag—...;...n>
D By SB oS 6D

Putting n=a in (6.1} and (6.2) and .using the reduction formula (4.3

ard the anmalogous one with S and A interchanged, we find

a 1...all..
0, = (AaIA'a-> < [ > = 2{(a- I)J’a}s Rlas‘l...é
-

= <Aal = lAa> = lAa'}(Aa] . N )

el

o= Caxlary = {lax..a |ta ia) = 2(a-0/at, 5 A .

= (ax| = jax) = laz ™ < Al . oo (6.4)

Here the equality of the ket-bra tableau operator IA )(A | with
the 'bra.r_kel; tableau aperater (A ]& > is a comsequence of {A | and
h\a) being equal and therefore commuting. The same apphes 14 t'he '
operators obtained by putting -'1 =n {and A = ¥):

B, = gy = (e

{10 e 2l 0/0)S, RS
RCHIEN DAL LD A O ' ... (6.5)
o, v = uxfne ) = <.ln*.-..1;| tn*...a)= 20(n-1}/n}d, G R0

= (uxl o= Jxy = fEryQuacl. : e (6.6)

In the general case <Anl and lAn> are neither equal nor commute

and we must distinguish the ket-bra tableau operator IAn ><An[ Erom
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the bracket tableau operator <An[An> 0, We use

a tilde .~ to make the discinction and find

M@DED/ENS L 88 A

I8, 5<a,) =

aa

4{(a—1}(n-!).’(un)]sl- N ..n‘elasl ' _éﬁiﬂS],“éSI ...El...n

-

- zf(n—l)!n}sl...:a...nﬁlasl...s...n ' ce (6.7)
using (4.1)., Similarly, for [2]n-2_-|’
ar = 1825<a21 = Jax...a.ond {laxee i onl
= 2{{n.-lnn}"ql...;...ns‘laﬂ...;...n " et (6'%)

We tabulate some properties of the "diagonal' operators 023 and
B:la for [n-l.ﬂ . [(Siwilariy resulcs hold for the operators of [21:\-2]

with appropriare stars introduged).
: 3 _ an ) -
(i) uaﬂ(An[ = Cala >a ) = Lafo, = (Al . . . {6.9)

s n n
{ii) |An> 0, = 18> (An|An> = oa.al_an) - IAn_> .. oa (610}

PR n - =1L -
(1id) “\n> Oaa <A:l' ” IAn><An]An><An| = Caa o_aa - Za :

e o« (BL11)
(iv) (Anfé':a}an = <A la > ¢alay - o:ad‘;a = 02; . e e (6412}

Since 5:; has & simpler explicit expression than 0:3, we verify the

last relaticms in (6.9) and (6.10) frcam which the rest follews. Wa

£ind
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__?_2_7___ _‘J..

(AN, = e S o4 6 AS G .

% 2{{n~1}/n} N . Yo
st S, St A

e o 4619

raking use of (4.2) with b = n, Siamilarly

(%

- x -iY (n- ! . . .
I8 = 2l i) x D@t LTRSS

- - - ! o r
’ 2{(“ 1)(“ l)[(.‘m)} sl...i.:.nﬂlag]...i lAﬂ) 4 7

e v (6.14)

using (4.4} with b = n.
These relaticns may be :;:Iﬁnaris_ed in the statecents that the ket]An
ja a left=hand eipenstate of O:a
and a right-hand eigenstate of ﬁ:'
whilse the
bra (ﬁfnl is a right-hand eigenstate of 023

and 3 left-hand Eigenstal:e of ‘al;a '
the eigenvalue being +1 in all cases. Yurther

0" and D% are idempotents.
aa aa

1t {s clear that similar relations hold for the starred operators

of [2i"7%.

n n
7. om " St Sl...n' on*n* ‘ﬁln _RI...n

Using (3.10)

Steeii ™ Steem " Sl S (P Py ee Py NS, G

B (!h_‘)sl...r’l{(n-ln - (Plr_t+P2u+"'+Pn-,1._nns‘l_._..__r.l :
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bl

pl G R L I AN JRIRI CRR )

How, for 2 < a < < n=l,

BS ...... n ta‘@npla 5l...a...r'x
* Spu i -/Q-l-n Sten
Hence
Stevos ™ Stewg =20 0/w S CALS) A

n .
onn ’ « s o (7.3}

by, (6.5).

Simiiarly

SR R S L (TP <Py =e=Pry, )/"‘}ﬁl...é

= (l;‘n)ﬂ‘".;,({n-l)I * (Pln+P2n+'"+Pn-l,n)}ﬂi...ﬁ

= (Zln)ﬂl n(’in Sn mag n- }?l...n

= 20-13/03f  <C R =0 L. T .- (7.0)

by (6.6), since

tﬂ!...n...ﬁsan%...a...ﬁ
= By.. P 1aden 1a/41..: “Hy, &S e @@= bheoeD.
.. (7.5
8. a »<B | = &, s |82 )¢ BH| = 5ab o
With
. . (B.1)

'An> = 2{(3"-1)(“”1)1(@)}! s‘l.aoé.o-'nglaslo "é

<Bnl = 2{(b- I)fn-x)/(bn)} LY 1;}2”351_”!;_”“ 5 ol C (é.z)
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we gee that I&n)-< Bnl involves the product
qb';‘\lasl...ésl...ﬁleb . <. (8

How if a < b we have by (3.5) e

S iS5 S5 - . 8.8

so that

Q (<Y =R, 5 (A =0 - - - (8.5

by {(3.8). On the ather hand, if a » b, wa have

TR L .. (B &)
s6 that
_Qah (a>b> =R 8 R, 0. - - 8D
again by (3.8}, Thus
_ _ n
fa, dCB | =6 b8 D<Al =6, 0,

[}

8.y 2[(n—a)ln]f?].. : Slafi...é;..u . ve. (8.8)

«A.eafl

-

The proof that
. ~n
M:)(B;! = éab IA: ><*A;| " Eab oa*a*
= Gab 2{(n_l}"n} S‘lt—ioéq.on'q]aglit 'é--on i - * * (8.9}

follows in exactly the same way, with A and S inrerchanged throughout

9, Tableau permutaticns

We denote the permutatiom which converts, far ET'I,E], the standard

tableau

N =12l atl «vo w2 0l ae s (8.1)
1] n




iets the granderd tazbleaw

12 .., a7 atl a+d .. nln . . 9.2)
2 )

by :

c;n;plnn) = . e o {9.3)

P(a,a+!,...,u)
and the inverse percutation, converting An iaro “n by
— A '

(Nn,[P[An) = T . ..o (5.8)

(nyn-!,.0.,3)
L FASTA -

The permutation which converts

A R T l...4a.. ©
= into & =
Bn b ! n a

ray then be written as
{ﬁan[Bn) = (AniPan)(NnIPIBn)

= T, P
vZyatl,...on)  (nyn-ly...,b)

. e . . (9.5)

This may be evaluated for the two cases a < b and a > b as follows

Ias<h P al,enm © Fla,art,. b)) Tib,bel,..0,m)
~1
= Pla,a+l,...,b) T(a,n-1,...,b)
a & % (9-6)
g¢o that
(Anlrinn)n o TP aarl,. b)) o (90D
Ifa>b P(n,n-l,...,b) h P(n,n-i,.;.,a) P(a-.-a-l,...,b)
~ = —l P
{(asatiye . n) fa,a-l,...,b)
* & (9.8)
so that
B =
(Aan] n)a .t P(a,a-l,...,b)' v (9.9



It is eosy to verify this directly from the form the tableaux A ,B
have in the two. cases:

12 ...a=1 a'att,.. b=1 btlo. m ,

. o . (9.10¥

a(bl Bn.b
A = 12 ,..a=latla+? .,, b btl...qp « v (9000

n  a
(An|P|Bn) = Plaatl,....b)" | e (9.12)
o1 2 seab-l b4l .., 2=t aatl .., m « e (9.13)

a_b Bn b

A =12 0b10 wes @a=2a—la+i ,.. n . o - (9,14)
n a

(a_|rpie) = P aaml,enn b)) ... (9.15)

n . . o _
10. 0. <An[(An|P|Bn)|Bn‘> implies Dan-<An|P(a',‘a+l....,n}'

- :
O~ P(n,n-l,...,b)i3n> . -

i1

_ A n - .
Oaups = <A;!mniPIBn)'B:> implies Cpxnr = <“'s{ip(a,aﬂ.....lrl}'

111

= &
01’1"‘]::"= P(n,n-'l,...,b)!Bn >

Since from (6.5), {(6.7)

l“n ><an = 2{'(:1_]);“}&-.‘I:LRII‘IQI...I:I. -« - (10,1
"
IAn‘><An| = 2{(n_l”n}sl...é'l...nﬁlasl...5...n -+« (10.2)
|Bn><Bn| = Z{CH-!)!n}Sl...!.)...n&]bg]-nt;.-.I'l e (10.3)
7ith the same coefficient 2{{u-1)/n} it follows
=1
P(a,ﬂ%:,....n)l.ﬂn>$anp(a,a+|"..’n) = ]An><an| L (10.4)

or, equivalently,

e —— ——————
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-1 _

I’.(:1,11--1,...,!:1)mn><anp(n,n-l,...,b) - IBn ><Bnl" -« (10.5)

E""te that the equality of the ceefficient 2 (a-1)/n in (10.1), {10.2)2,
2 1 - * B

(10.3) is veeded for (10.4), {10.5} to hold,since transformation by P

or by P-I affects only the symmetriser and antisymeetrisers: it is a

pitfall to expect the transformation to change 'coefficientsl]»

It follows
(An[?]Nn)lun ‘)<Nn| - P(a,aH'....,n)INn)< an
-1
= P(n,a+l,....n)[Nn><Hn| P(a,a&!,...,n)}P(E,aH,...,n)

= A YCAIPL «os (10.6)

an><-Nn|(Nn|P|Bn) = INn><Nn[ P(n,n-l,...,b)
= Pa,net,een,5) Feaynmtyee, o B0 XXM P oi by

’P(n,n-l....,n)lnn><3nl ' ’ <o Q10D

Using then the relation {(from {6.5))

. . . ('0.8)

MR S TCER A

it follows (using the statemznt of the theorem to follow)

0:n = <AnI(AnIPINn)]Nn> - <An“n><}'n*ia,a+l.,...,n)=<AnIP(a,vL, oo sy}

.« . (10,9)
v
n -
onb " <NnI(anPml'l)an> - P(ﬂ,n—l,...,b)fﬂn><BnIBl‘l>‘ ) P('n,n"l,...,b)!srl\>
' .. . {10.10) v

The starred relations are established im an identical manner,

iy

e e e

——
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11, Starement of theorem

For the representation l__n—l,l:[ of Sn in standard orthogonal form che

’
Young operators are givanp by

n _ n _ .
G <An[P(a,a+l,...,n)’ Oab = <AnI(An{PIBn)|Bn> »

no_
0 =P )Ian>,

nb (n,n=1,...,b

(a,b=2,3,...,n), - .. 0L

= 2{(a=1) (w-1)/ (an) } SRS i

<Anl - (Ell...é...n

... (11.2)
I8 >= ;"'bmn> 2{(b- J)(“"”"(b“”l St 5. ..., 6

. €113

(AHIPIBI‘-‘) = P(a.eﬂ:ls---.n)P(n.n-l,...,b) = P(a,a+l,....b),(a<b)

-IP(sla-l’lou.b). (ﬂ)b)' L (II'A)

For the representation E”.In-zJ of Sn in standard orthogonal feorm the

Young cperators arc givea by

n 1
oa*n* " (A;IP(a,aH,...,n)' oa*b* = <A;l(AnIPIBnHB; > z

n
on*b* - (n n-1,...,b )lB > '

(a’b=2,3|--u,n)’ P oA (1‘05)

- <lasr...5...n| = 2{{a~1){a-1)/(an)}

-’Q!...;S}a’q—l...a...n '

« 0o (11.6)
3)

(wl _\([;...a...n]"



— 34 —

b

. n
13:> = l[‘---b'“”] > = ilbf-...f)...ﬂ) = 2{(h=1){n=1)/(bn)}

ﬁl...l;...nS}h-Ql...I; )

These expressions satisfy the relations

o _n n

oab ocd ébc Oad ’ )
n n n

arpx Oc*d* = 5bc oa*d* ’ '

n n 2 .| n
Pa,a+l 0. (1/a) 0ab + {(a"=1) /a}oa+l,b . .
o n 2 .4 n
0.y Pb,b+1 a (1/b) O * {{(b™-1) /b}Oa,b+‘ 0 .
F 0%, = =(1/a) OV, . + {(aZ-1)}7a10"
a,a+]l “g*b¥ a¥b* a+lkp* ? -

o

n 2 .. n
Ogspe Pp,beg = ~(H/B) Oppe + {651 ¥/bl0

arh+I* * ’

.« (11,7

o (11.8)

.. {11,9)

.. (L0

L ran

. o (11,12)

o o (11.13)

- n .0 _ n n n - n
12. Proof that Oab 0Cd = ébc Oad (and oa*b* Oc*d* 6bc oa*d*)
wWe have zlready shown (8.8) that ’
[}
I ><c | =6 [8 ><8| fe e (12,1
It remains to show
n .n n =
% %e = %, - « 7 (12,2)
L.H.5. = (Anl(Aanan)IBn> (Bnl(anlplcu)lcn> R P 2% )
R.H.S. = (ani(AnIP[cn)lcn> coeoe (1208

We have shotm (6.7) that
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BBl = 2=/ S g RS g e e (129

Hence with

4
Bl = 2D @D/ S, 4S, o L (2.8

le,y = 2en@nreits, oA o L2

and taking, for simplicity, a < b < ¢ ve hawe

LS. = 8D/ (G e/t s, ia s .

* 1:(a.,a+l,...,b) Sl...t;...nﬁlbsl...5...np(b.b+l.....c)

St.ieenoeSt. e

e s o (12.8)
- sl@-n/m e e/ @il |

a P(a’a"‘l.ouo’b)

ES

*AS1.. 8. oinS1 B a1 e
e (12.9)

- 1) Cem 4 ]
= &{(n=1)/nH{a-13(c=1)/(ac) } 5‘1_"& p(a,aﬂ,...,b)

* s 5. Pb,br1,.. .00 Sla. e » e (2,10

Using {4.2) with a replaced by b and b by a,

RAS. w6l D/mM D/t S, p g L

*Fla,arly.on,b) Tebubtt, e, 1Lt RSt e
LI T ] (12.“)

o= /a1 e @)}

o2 Fla,arl, ... b)

RibSi. b nfib Pobel,.ns,e)S),. 0" LHLS,
' «-e (12,12)
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The proof is sidilar with the resrriction 2 ¢ b < ¢ ramved, thus

(1+.8) is proved and (11.9} by interchanging S and E throughout.

noo_ n 2,4 n n . - n
13. P, o1 Oan (ayo, + ((a"=1%al0 ;0 Py oy sOoans (1a)o . .+
YN a )
{a™-0%/alo, upn
n - no, 2_.\} n n o n
0 aFa,as (t/a)o . {(a™=n /a)on'w. Oprat Fa as1 (1/a)o , , +
2 ]
tal-ndrare®,

From (10.9) we have

n 2h o =
oan : <AnIP(a.e*1,a+2..-..nJ OAH]PJ.!” P(a‘i.ﬂ*z-----n)

N & 3 )
n
03.,.],“ L] <(A”,nlp(a+l,a*2,....n) . N 4 & -1
Hence A
o n 2 [} n
Poes1 %an ™ (i/a) o+ {(a"-1) Ia}oa‘l'n .« .. (13.3)

requires {cancelliag’ the common term P co the tight)

{at),a+24.4.,8)
y .

Poaer $BalPa qer = (/0 LAIR, o ¢ tta®-ntsal Lyl

. 0o« (13.4)

With, frem (5.1),

<Anl - 2{(3'_1)(“"1”(3“)}! Sl....;ﬂlasl...a...n LUERe)

we deduce, by some cancellation,

e2-ndrar @ f = 20D @ D@ S S

. eoe €13.8)
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and alsoc, noting that Sz__.; -SI a1 15 independent of a and a+l
2

Pa.aﬂ (Anipa.aﬂ —.zt(a“l)(nf!)!(an)}! 'Yl.-.:;'q]-vls‘l...a;l...n ¢

« . (137
Henee, removing the common factsr 2{{5-I)(|:|—l)f(a.1-|))l equation {13.4)

requires

i

Sl...a'lRIa+lSl...a;I...n - (”ajs;...E‘ﬂiasl...i...npa,aﬂ

+S‘|...a;lﬁ.[a+]s‘|'"a.;l.”n ., .- « . {13.8)

"

How from (7.3) with n = a we hava

SI...& - S‘I...a;l " Zé(a-l))'a} gl...éﬁlasi...é ' » e (1309
Bence it remains ta show (multiplying through by a)
208 ALS RS et Sl aRaS . oPa ey (1310)
Cancelling the common factor S] s on the lefr, putting

z‘ﬂla . Pla’ (a—‘I)S‘]“_; = (I+P12+P13+...+P1.a_1)5'2

as,.d

- .. (13.10)

and writing

ﬁ!asi...i...n Pa,a+l = pa,ai-lﬁ-la*-ls‘l...a;l...n -+ - (1332

it remains to show

(L) J(I+P 4P gvet?) S,

1,a- ....':‘qla'*ls‘l...a;l...n " Pa,ao-lﬁla*-ls‘l...a;l...n

e 3y Y

How, by (3.1),

SZ...é-@laHS‘I...a;l - aﬂla-ﬂ‘s‘Z....;-j-I...a;l...n -"Q'Iaﬂ-sl a;l...n

e (13,18)

Futther :



(I-P!a)PIrHla*ISI...a-"'I...n - (I‘P!a)PlrﬁlaHPltS] . ...a.:l ve.nl

o - Y . - -
(L Pla"%raﬂs‘l...a*‘l...n for v = 2,3,.00,270 .

e e €13,15)
The since .
pla'q,raﬂsl...a;l...n -JQraH P!agl...a;l...n

-Jqqa-i-l Sl-..a;l._,n » s » (|3.16)
it follows

(I=By Iyt gt et ? et Sy astn = 0

and it temains to show that
PPy e Pan Sh a0 =0 L. (13D

or R],a,a*-lsl...a-l.-!...n-o

oS ﬁl.a.aﬂ-ﬂsagla Siiiartea =0 ee » (13.18)

vhich is true and establishes the required result.

The relation

LI 2_! [|]
o7, P = (aoy, « (-1 ale] |

na ag,a+! +1 e« » (13.19)

is established in the same way with multiplication from the right.

The starred retatioms

2

Py ant Okgs =~V 1202 02, L (220
2

Ogu Py any = ~(1/00 + (™D a0, |, . .. (13.20)

-
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are also established in a similar manner (with : and interchanged
througbaout, with the miaus sign in froo: of 1/a being required becauss

the fircal relation ia

'(I+Pla) ‘S‘Ia-*lﬂ'l...a;l...n =T l,a,a-"l S‘Ia+l"?l...a;l...n ‘

Y L ) (IJ.ZZ)

reducing to

S].a.aﬂSla'qla&l...ail...n =0, ee - (12220

which is true as before,

Multiplicacion of (13.3) on  the right by o7, leads to the
general retation (11.10). The other general relations (L1 = (11,.13)
w2y be established in the same way from the corresponding specianl cases

astablished above.
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ELECTROHYDRODYNAMIC STABILITY OF A
STAGNATION POINT

By
ELHAM A. ALY
Department of Mathematics, Women’s University College,
Ain Shams University, Heliopolis, Cairo.

and

and ABOU EL MAGD A. MOHAMED
Department of Mathematics, Faculty of Education,
Ain Shams University, Heliopolis, Cairo.

Abstraet .

The stability of a stagation point on the parablolidal surface of
seperation between two dielecric fluids under the influence of on elec-
tric field is studied. A localised perturbation technique is used in the
neighborhood of the stagnation point. It is found that the electric
fied looses its destablising effect on the stability of the stagnation
point.

1. Introduction :

The published literature in electrohydrodynamics deals mainly
with surface instabilites. It is quite wellknown that (4) the electric
fields which are normal to surfaces seperating two fluids tend to
destabilise the interaface, while tangential fields has stablising effect.
An exhaustive eollection of works on hydrodynamic stabilitieg of surf-
aces may be found in ref. (2). Unfortunately, a little interest is paid
to point instability. Recently, Berghmans (1) studied the hydrodyn-
amic stability of a stagation point on a parabolic interface under gra-
vity force and surface tension. He found that the instability can occur
for certain displacements of the interface. He also nofed that the
surface tension has its maximum effect at the stagnation point.

The aim of this note is to study the stability of the stagnation
point under the influence of an efectric field. It is found that the
electric has no effect on the stability of the stagnation point,

(43)
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2. Formulotion of the problem :

The problem considered here deals with 2 parabolic interface for-
med by a jet impinging vertically a horzontal surface of a fluid at rest.
The surface equation can then be written as (3)

F{z)=z—brz =0, 1)

where (r, z) are cylindrical coordinates and the z-axis is vertically
upwards. The steady state solutions for the velocity of the upper
fluid are (1) |

Vir =ar (2)
vie = 0, (3)
Vlz=2a(2br2——z) (4)

The lower fluid is assumed to be at rest, i.e.

Vor = Vgo = Vgz = O, (6)

where the subscripts 1,2 refer to upper and lower fluids respectively.
It is evident that the above expressions for the velocity satisfy the
equations governing motion which are

P2 iy ) = VTl

%
where“)'r:p-'lf&Ea.
along with
?.(6.3.) =0 ,
vVA~E =0,

where p i the pressure, is the fluid denisty, g is the gravity accele-
ration acting in the negative z direction and E is the electric field.

L—

We assume that the eleetric field consistant with eps. (7) and (8)
to be of the form
E, = E* r, (9}
E;=—2E*;z (10)
The surface charge denisty q on the parabloic surface is zero for the
steady stae provided that the above assumption for the field is taken
near the origin, We notice that
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q=n( E, — E,)

and n is the unit normal to the surface,

We note that eqs, (2) — (4) show that the origin is stagnant.

8. Perturbation Equations

We assume that the interface is slightly deformed and the result-
ing surface is given by

F(r,ayt) = z = b r% - 7 (r,t) = 0 (11)
Consequently ,the dependant variables v , E, T¥ receiva increments

to be of the form

Woy+® LEP=E+E , WO+ R, (12)

whre the superscript o refer to the perturbed quantities and the bar
denotes the perturabtion. We assume that the perturabation flow is

irrotaional and hence there exists a velocity potential ~  such that
E=-v$ (13)
The z conponent of eq.{6)
o 0
[ o oY v 2
Vd +/JtraTz&fvg—,o—;- =-0_gi-fg (1y)

For simplicity, we shall only consider symmetric perturbations, i.e.
U =0 at r=o, (16)

and from egs. (2), (5) we also se that v. vanishes at the stagnation
point. Thus eq. (14) takes the form -

DV 3(\?43 2 T
f:az*%f ;zZ) =-‘b(i-a;-" )_/Jg’ at r=0 (16)

Bq.{16) can then be linearised to the form
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Yl -
"f’_o-eftii)’ (v v):-f*g-——-—- - 7

Integrating eq,(17) wer.t, 2z frca O to d"-L e get

ft‘“’%% 'fg:l_'/""z V2

at r=0, z =7z( O,t ) (t8)

Eq. (18) is valied for both regions of the filuids. At the stagnation
point vz = 0 and in the upper region vz = — 2 aq'}j" (0,t) which is a
first order quantity. It follows that in both cases the last term of eq.
(18) is a second order guantify which can be neglected.

Thus

+,°—_%%— -/’s"’-l 9)

at r = 0 and 2 = " (0,t).

It is also assumed that the perturbation of the velocity satisfies the
equation of continuity

S.:¥ =0 (20)

cal froo eq,(13)

<
n
2
n
Qo

(21)

whera

ar

2
92 P B
2rl T RT 7 3.2

7 is related to ¢ by the surface squation

D Ponémz,t! - 0,

It follows that
27, R 27 2%, 3¢,
TO'E*G-Ta—r"FZbJ.:b—r--iz— =0 (22)

The perturbation in the electric field E satisfies egs. (7) and (8) i.e.
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(e) 1.0
VeeEtE =0 (23)
Vol =0 (24)
It followyp thet thore sxiste a petential function:f" such that
E- ¥ (25)
and
v o
"f bd . (26)

Since we are interested in tho etability of the stagnation point,

e may expand ¢ , 7 , ¥ 1o powers of I,z of the torn‘!)
- .
Proea PR kBB Lt 2K%2 vl (@)

- 3¢
?2 = A Ei (1 -~ qarz-i- glo)( 1+ f2 + 2 qzzahu) (28)

T=0 %% ez-a1x24,,,0 (29)

. «t
\%‘ = A1 ei (1« kzl'z *-.0)( 1+ g2 +2 kazz Yues) (3‘0)

L}

Yz
where A, A, A,, Q, £, 3, k, q, are constants, « being real or complex,
determines the nature of the perturbation where stable or unstable.

o
Ay et ey -q‘zr2 $eaddC 1+ f2 ¢ 2 022 *eae)  (31)

4, epereion Rolation
The seiutions fof ¢ C ;'.L .Y should satisfy aqs.(21),(22),

{25)and the fallcwlng boundsry conditions as well'Eq.(22)relates
& to §,0n nubistitution for ;» O ;L into eqe({22) we get

A s 1x @ (32)
R
The radiug of curvature of the boundary surface 1le given by
-3} 2 «3/2
1 1 dz dz,2 i~z dzy2
Ro C} ? E [T-F(a;) ] 0&;2-[1 'I-(E) ) (33)
a

Subistituting for z(r) from 2q.(11) we find that

:(2b+l%){1*i( 2br + %—1’)2 }

-
0 3
Ra

2 —
+(2b+;—1}){]-£{2br-%)2} (34}
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1,!_92 ghould be finite in order to have finlte pressure differenco

acrogs tho interface.Th2refore

'ﬂr‘ -0 at re0 (35)
and hence g
1 ?3"

-Eg' s 4 b 2 '3? ° {36)

Condition (35) 1p satisfied by the aclution given by eq.{29) It fs
also observed from sqg.(27) and (28) that \;1_5—3_% =0 at r =0q

The electric potential should be continuous at the interface,
therefore

Ay = Ay (37)

The normal elsctrie displacsment £ En ahould be tontinuaus

-t the interface

n.(€ B -6 B, ) =0, (38)
Sebistituting from eqe,(30)and {31) into eqa(38) we gat
Ay = Ay = e E. (39)
(4)

The normal component of the gtreass tensor Tij where
Ty = (W +3€RN )6y, +€¢E E (40)
.8 discontlnuous &t the inteérface by the surface tension,thus
L) an [\ : e
—(ﬁ‘ "'}‘Q' 1)6(,2*‘}&233): F (1)
wasre T 14 the surface tension,
On sublstituticn into equ(4d) forn®, %, RS and

linsarieing we get in ths limit as r -%» O the following dispercsion

cqeation
@l _ 4 Teo

yry ¢ fg (42)

We observe that the radial electric field E, vanishes as r —» O
while the vertical component E; is of order - Therefore the electric
field is mainly perpndicular to the surface at the stagnation point.

e
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Eq. (42) is the same as obtained by Berghans for his study of
the stability of the stagnation point in absence of electric field. Thus
it is clear from eq. (42) that the electric field has no effect on the
stability of the stagnation point. Therefore the normal field looses
its destablising effect on the stability of the stagnation point in con-
trast with the surface tension effect (1). The reason is that the terms
containing electric field in eq. (41) become of the second order due
to the surface deformation. However, in the neighborhood of the
stagnation point the electric field may affect the surface stability. The
investigation of the latter case may not be carried out easily by the loca-
lised perturbation technique.
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MHD PLANE AND CYLINDRICAL FLOW IN
THE SLIP REGIME
By
A.G. EL-SAKKA, M.A. KHIDR and M. HAMDY

ABSTRACT

The flow of a slightly rarefied electrically conducting gas between
two flat infinite plates and between two concentric cylinders in relative
motion are considered. The slip velocity and temperature jump at the
boundaries are taken into account to investigate the effect of rarefa-
ction on the nature of the flow.,

NOTATIONS
H -— the magnetic field, u — the flow velocity , v — the electric con-
ductivity , — the mass density , p — coefficient of viseosity , p, —

the magmetic permeability , p — the pressure » T — the temperature ,
R — the gas constant , K — the thermal conductivity , h — thé en-
thalpy , R, Reynolds number R, = ul/ o p, y = ¢ /¢, the ratic of

Cp , Rv —
I
Magnetic Reynold number » Rg — magnetic pressure number

2
Ko HO

gud

the two specific heats , D, — Prandtl number : P. .=

Ry = » Hartmann number » = ¥ Rz R, R,

INTRODUCTION

The flow between two infinite plates and between concentric
cylinders in relative tangential motion is called a Couette flow pro-
blem , actually , cne of the motives for studying the Couette flow is
its usefulness in studying boundary layer flows, Although it is not

exactly analogous to a true boundary layer , it is sufficiently simiiar
and censiderably easier to solve.

In classical hydrodynamies a complete integral to incompressible
Couette flow was obtained in (1.2). TIlingworth (3) obtained a nume-
rical solution for compregsible plane and cylindrical Couette flows of
compressible gases, Shidlevsky (4) used Illingwerth results to obtain

approximate solutions for the problems in the slip regime.
(51)
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The MHD treatment of the problem started by Hartmann and
Lazarus (6). They obtained the solution of plane incompressible MHD
Couette flow problems. Bleviss (6) treated the plane Couette flow
for the hypersonic motion of high temperature ionized air. Rama-
moorthy (7) obtained an approximate solution for the incompressible
cylindrical Couette flow problem. Arora and Gupta (8) found the
complete exact solution of that problem.

In this work we shall study the MHD flow of an incompressible
slightly rarefied gas. A small relative temperature between the two
surfaces is assumed, hence, the electrical conductivity and coefficient
of viscosity can be considered as constants. We shall use slip bound-
ary conditions as obtained in (4).

THE PLANE FLOW

Consider the flow between two infinite plates.

The upper piate moves in the x:direction with constant velocity U ,
while the lower plate is fixed, the upper and lower plates are kept at
constant temperatures T, and T, respectively. The applied magne-
tie field is (O , H, , O) while the induced magmetic field will be as-
sumed to be (H , O, O) and considered as a function .of y only. The
flow velocity is taken in the x-directicn and is considered as a func-
tion of y . The equations govering the flow inay be written in the
form (9) :

“°%"F}1T"§}2L eee (1)

Mg H()%:—%(/«-% eee(2)
g gy ) =0 s (3)
o g; . % (K g) + "%F (-%-)2 =0 eee(tt)
P=¢RT «ee(5)
h =cpT

If we consider that the gas is slightly rarefied and that there are
complete energy and momentum accomodation between the surfaces of
the plates and the gas, then we can use the boundary conditions dec-
duced in (4) for the slip regime. These conditions may be written in
the form :
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at the lower plate y = - d we have :

. =\f—£ £~ du
2n(y-1) S 4
h =7L + 1 ——“ji‘jz;“ :ti ‘gﬁ_
By ‘55' 2a(y- 1) %8B &
and at the upper plate y = 4 we have :
¥ir ;f: du
ap(y-1) & @

e a-

SUNp R N A, S " _an
Bo 2h(¥- 1) 9B 97

If we take w=ul, E=HH ,P=¢ 0Pp', h=hp

o]
then the equations (1 -~ 6) will take the form

2 .
- u agt
i e
a 2 -
d u 1 qd“H
a &\ == T{T dx 2 SRS
Ry o
T er2Ed =0 NC))
- 1 a®n* |, RyRe ey 2
Cav NToe e TR ) 00
I o]
. 1 -
P =) n u.q_.(ll)
z
- ‘YMO.
h =] T t,.o(lg)

The boundary conditions may be written in the form :

da dh’
= "= a3+ K . ! =
u K, I , h h+ K, dy’ , H 0
at y‘c ] ‘ . 5
u':l'-K“g; ,h-‘=3-Kh'%h—y-‘ s H=0

Considering that K, and X; are of the order of Knudsen number ,
which is considered small in the slip regime and solving the system
(7 — 12) and applying the boundary conditions we get :
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u's sinh Ry /2 (sinh of + WK, coshe ) +

2( T- l)P il /2(31:11'1‘)( fc(K COShb()Sescosh 2% -

\,OSh 24y # 2e(K sinh 24 + -—(1-y )-:~1S eeo(ly)
R

. P
H = - —¥ ‘ cqsnd ~ chsh_p’ ]
20 - sinh ¢ + o(Kn cosh o

e (15)
. 1 Y J_
P = h = *
zrms yuz d eee(26)

From (13) and Fig. (1) we notice that :

1) At any point in the lower half of the flow ( y° < 1) the velocity
increases with « , while the converse occurs in the upper half.

2) For y* > 1 the velocity value at any point in the rarefied case is
larger than that of the continuous medium, while the conversc
occurs for y* < 1.

From (14) and Fig. (2) we can see that :

1) At any point the temperature increases with the degree of rare-
faction and with « to a limiting value and then decreases. The
value of « corresponding to maximum temperature can be found
analytically.

2) TFor constant « , K, and K, the points of maximum temperature
can be found.

Also from (15) and Fig. (3) we can see that the magnitude of the in-
duced magnetic field decreases with « and with the degrees of rare-
faction (K, and X,). TFor large values of « the induced magnetic field
is nearly constant except at narrow layers near the boundaries.

THE CYLINDRICAL CASE

Here we shall consider the gas to be bounded by two coaxial cylin-
ders of radiaand b ; b < a.

Using cylindrical coordinate system with the -z-axis taken fo be
the axis of the cylinders and assuming :

1) The outer cylinder is rotating with a constant angular velocity @
and is kept at a constant temperature T,.

The inner cylinder is stationary with temnperature T,.



2) The applied field H, =_= ig radial, while the induced magnetic
T
field H is in the ;-direction.
3) The unknowns v, H and h depend on r only.

4) The flow velocity v is in the » -direction.
Then the basic MHD Navier-Stokes equations will be :

d 1 d f1a
HC 3-89 = 2= & [ &ew) «»e (D)
2 M 4an 2
Tl - Boe "gl— & o 22 arg + ) .2
1 a H H
=z a?[/*re@% - %)] == gl s ", g) .. (3)

+ /"e HO %% (I‘H) =0 a.c(“"}

P = 3RE .-I(S)

h - cpT o -00(6)
S$olution : c

‘Lot rwrla,var wsa,bshh', pzenelp,
0= -E H' + then we have the non-dimensibmal systen
(dropping the primeg ) =

% = T{ 412 o) e (?)
= (242 - o rp, L) | <1 (8)
2 (&7 » = ; i B R“Rl:"[ (rH)J =0 OF
P = ;2 b E

..w

where " ig the roo~dimensional angulaw vologity .
Suoject to hom-dimensiocnal modified bourdary gonditionsia
the Blip velocity regine
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it b
W= o, %ﬁ% ¢ B ='ff+ o, %%_; H=0¢fyr r=q3 q= =
1

w:l-mw%;-" ’ h:l-mh% y b H=0 for r =

System (7 ~ 10) has the solutlca .

td = cl + c2 I‘B—.l + C} r_B-l '-.(1l)
-{ £-1)p. !42_ 2. 2B 2. ~28
h=1T= =2 Y(B - 1)°2r2 +(B+l)c ﬂ:5‘mc6] .(12)
2B
H
--R—‘-'-: B - (B + l)C + 041' 1}* oca(lj)
where
1 c.] - C [1 + mw(B - I)} - C El - m (B + l)) onl(lq‘)
- (8 + lJ(q )

ce <B+1)(q‘1- T3 (A" (B2 ) (g -quu(Ba-l){( LiBar

(l+qﬁj)—(q Lo+ g 3‘2)3 =rei13)
B =1 q-l - qB

BT Be1 IogB 2 .re(26)

(B + 1)33 - (B - 1)02 0.0(17)

1 28 2B-
°5% foa-2Bn, Arq- D) 5-1)[1-q *2Ba, (14 1}2 + (B+l)

‘L1~q 28 _amn, (2497251 | o2 - _25% ¢
B } (r-1p M2 § 2+(182

1
—2B +H{6- 2 ]
( ) 5 { l)(l*’ZBnhI"(ﬁi-l)(l_am JcS+2Bn cﬁ .« (19)

C

06=-
aad . B =\Jd\2 + 1

From Maxwells equations the dimensionless electric field and current
dénsity are given by :

= P ¥ --B- Y -
JO""["er"cg.r, "-Bﬁ-l—r?‘] «»+(20)
LY . ;1
Ez 2 =~v r ses(21)
The analytical solution of the problem is represented by the equa-
m, 5

tions (11-21). We restrict ourselves to the values : m, =

Y 100
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1 100

~

q= _2_ , M, = ——  of the paramenters. We observe

) 5

the following :

1)

2)

3)

4)

5)

As shown in table (1), we may see that :

a- At any point the magnitude of velocity is larger in the rarefied
case than that of the continuum case, except at points in the

region near to the outer plate.

b- Near the inner cylinder, the magnitude of velocity increases with
B. The converse occurs near the outer cylinder.

e- The slip velocity at each plante increases with B.

From table (2) we may see that the temperature at any point near
the inner plante is larger in the continuum case. The converse
happens near the outer eylinder. For large values of B, razefac-
tion tends to increase the temperature at any point.

From table (3) we may see that .

a- The induced magnetic field increases with r to a maximum
value and then decreases.

b- Rarefaction tends to decrease the magnitude of the induced
magnetic field at any point.

c- At any point the induced magnetic field decreases as B
increases.

From table (4) we may see that :
a- The magnitude of the induced electric field, in general, increa-
ses with r.

b- The magnitude of the induced electric field decreases with
rarefaction.

¢- The magnitude of the induced electric field decreases with B.
From table (5) we may see that the magnitude of the current
density at any point decreases with the increase of rarefaction

and with the increase of B. We may also see that its magnitude
decreases with r to a minimum value and then increases.
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APPﬁb@ﬂﬁﬁ OF POPKOVS F0RMUEA 10 CORONA

CURRENT IN STREAMER REGION = .
By
HOSNIA M. ABU-ZEID and M. B.' OSMAN'
Faculty of Women, Ain Shams University

ABSTRACT

The fitting of Popkov’s formula to the corona currant data, obts-
ned from experimental results in the streameér region has been trea-
ted. A reasonable agreement ¢an be pbtained only when the emperi-,
cal constant P has a valye whicy varies with the anode — to — cathode
Separation- ,

INTRODUETION:

The exact description of the ionizeg fie_l_;i u; 2 coaxial eylindrical
configuration was first solved by ’To'w’r'nj“é"écf'"(]1').1 The following sjm.
plified SHuatioh *(2) ‘déstiibes a unipoldr’icnized fiald,

2

d E;- SE. ?d E-.i dE] ‘2.?.\ - )
Tt T e (Y =0 @)
TR e dr )

where E is the electric field in the presence of space ehargae,

Applying eq. (1) needed appropriate boundary conditipn=. The
poténtidl d_iffgi:ené’e"‘bétﬁtéeﬁ”thg o dectiiodes i the' fifst ﬁguild:?:ry
condition’reqiiired 4md the gecqtid §'the St aY B g Sundary™
between ‘the toroha Tiydr: and the spaddchiiiye’ ’:P’eg-ib:‘"f"“‘ﬁbjﬁdﬁﬂ‘é{“
an -a"p‘ﬁ:‘-@kiiﬁai;‘é*‘£-hyiﬁ§is'*t‘s)j'“i,t'_'ha‘s"’:beéﬁ“fa_’yqﬁa‘r’é‘&**&fiatl the" eldcrpid®
fied 4t the' anodé siirtacs: rénldink &onstant’ 4t 'the Btiset ' vhlue ad the -
anlodé’ voltafh is thefasddt anly Fil {HE hef Mate AT theldorgee
layér iy zei»%& * -

Sarma an&"ﬁanjs%heﬁ'sky"(f,"f) >have ‘dore 1 theorétical analypiis !
of the electric field distribution in the ionization layer of a d.c
Conora discharge under equivalent _stea‘iiyi'statg condition. They re-
ached several conclusions. The most significant one shows that for
the range of corona currents encountered on streamer counter, the
change'in ‘the'field intensity at the surfacé 'of the’ angde"frof the
onset value is negligible, The analysis also indicité that accuraey
(67)
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of corona loss calculations is not significantly affected if the unipolar
space charge is assumed to start at the anode surface itself rather
than at the corona layer boundary In a nondimentional form, the
voltage — ‘current telation for the cylindrical conflguratlon is- dbta-

ined as : A b : oo o B o
V—V, - 1
———--Lm( ) <1+y)_’2_q;,‘,‘
L“——--—,-/ e (@)
1+ {1 4y)
With v = + e T ( R )2 : | . . O
v . - JIQL' E°r° i ' = 5 .
wére y- + =" nondimentional current, SR
47 g = voltage applied to anodé.
Vv_ = Corona onset voltage.

Radius of anode wire.
Radius, of outer cyhnder

nf
>

R =
- I = Cprona current per umt length of anode wire. -

K = Ionic mobility. .

E, = Corona onset field at condyctor surface ).

¢ = DPermitivity of free space™

SOLUTION ‘FOR WIRE—TO—PLANE GEOMETRY

To obtam analytical solutions for complicated -configurations
neefﬁs mmphfymg assumptlons which are not norma.llv needed in thc
S1mp]e cylmdrlcal conflg-urat;ons For comphcated cases such a8 tbe
line-to-plane geometry Deutseh () made an approx1£r,1ate analyms
Pop'kov (1, 8) in his analysr.s of the cylmdmca&l and fhe hne-to-plane
geometry fo]lowmg Deutch’ work has mtroducea certam 1mprove—_,,
mezﬂ:s He assumed that the line-to-plane conflguratlon can be ap-
proximated by ar equivalent cylindrical system and obtained the fol-
Iowmg equation for its voltage.— current characterlstlc,

Y.,

V-V 2 hys .
-‘**-0-411) —2 Ln("'—g)_(l V) /2
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PI b, 5 ' :
where = —) e . (4)
T & ) 2 e k ( EQ T, ) ‘ : ()

and ha = height of anode above cathode. : L
P = Popkov’s empirical constant. i

The nonuniformity distribution of the current along the piane

cathode is faken into consideration by introducing the empirieal
constant P. . .
. 5 rt T
" The aplicapbility of Popkov’s formulas to practical systems has
been discussed by Simpson and Morse (?). For corona in a cylind-
rical configuration they observed good -agreement between eq. 2 and
the experiment.

1

Accurate measurements were also made of corona current for
line-to-plane  configuration and the results were compared with
Popkov’s formula in eq. (3). Simpson (10) observed reasonable
agreement between theory and experiment only when the empirical
constant P was increased from 1.65 to about 5. '

RESULTS

In th present work the corona currents measured by a streamer
wire-plane detector (2 r, = 0.29 mm, and Lc = 75 mm.) for diffe-
rent heighis above the cathode are compared with the theoreiical
results compuied by using eq. (8) for various values of P. The
values of P that give negligible difference between the computed
results and the exprimental ones are given in table (1). Table (1)
shows that Popkov’s empirical constant P varies with the counter
parameter ha,

TABLE 1

Variation of the empirical constant P
with the counter parameter ha

ha mm. ha/ro - P
5 17.2 2.8
1 241 36

9 31.03 4.6




=

To illustrate the above mentioned observation more clearly fig.
(1) c}ws the calculated curves by usmg eq. (2), and using ﬂ'l@. pele-
cted va
of 5,7 and 9 mm. On the same curves are represented the experi-
mental results in circles. 1t mlght be séen from such curves Ehat
there is a good agreement between the experimental resiults and the
compmed valus. It is vident that the values of P depends on the
conora {currenﬁ mtensuty However it has fo be notxced' here that m
all ‘the previous resilts the load resistance R (16 MG ) Was between
anode and E.H.V., the cathode is almost directly earthed. Actudlly
this structure is dlfferent from the cgnflguratlon taken by ;mother
author (ni T
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STUDY OF THE INHIBITING PROPERTY OF
THIOSEMICARBAZIDE FOR THE CORROSION
OF ALUMINIUM AND ZINC
By !
ABO EL-KHAIR B, M., Kk. M. KAMEL AND LA. ABDEL-HAMID

Chemistry Department, University College for Women,
Ain Shams Universily, Caire, A.R.E.

i

ABSTRACT

The effectiveness of thiosemicarbazide as an inhibitor in acidie
and alkaline media for the corrosion of Aluminum was investigated.
The percentage inhibition was found to imcrease in acidic solution
with concentration up to 87% at 5X10-3 Minhibitor. For the corro-
sion of aluminium, thiosemicarbazide (TSC) is more effective inhibi-
tor in acidic medium than in alkaline one. This phenomenon was
explained on the basis of Zwitter-ion formation by TSC in alkalire
medium. Similar behaviour were also obtained for aikaline corrosion
of zine using TSC as inhibitor.

INTRODUCTION

Organic compounds are widely used as corrosion inhibitors. Most
of these organic inhibitors are compounds with at least one polar
function, having atoms of nitrogen, sulphur, oxygen and in some cases
selenium and phosphorus. An important class of organic inhibitors
is thiourea and its derivatives1,2, The effectiveness of the functional
atoms with respect to the adsorption process ean be taken as being in
the following sequences 8, & :

Se>8>N>0

This may be due to tbe difference in the lectronegativities of the ele-
menfs. However, the mchanism of the action or organic inhibitors
depends on their molecular structuress. Among other structural
parameters which ¢an affeet the inhibiting efficiency is the molecular
area of the inhibitors 8, as well as their molecular weights 7,8. The
problem of the action of cations rather than molecules as inhibitors
had been considered 9,
(73)
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The work presented in this manuscript is to evaluate thiosemi-
carbazide as an inhibitor for the corrosion of aluminium in both
hydrochloric aqd and sodlum hydroxide solutions. Similar studies
were done on zimc ‘inetal in alkalme medium. '

. sEXPERIMENTAL :

Chemicals employed were of the highest purity available. The
concentration, of thmsenucarbamde studied varied. between 0. 88XJ.0—4
and 2.64X10-2 M. Al and Kn were spectroscopically pure Determina-
tion of the corrosion rate was performed by we.lght loss medsurements.
The metallic sheets had an ‘apparent surface area of 100 cm? each.
The sheets were degreasd and .abraded successively down to 00 grade.
The results were obtained in duplicate and no significant diserepan-

cies were observed, Measurements were taken for Al in hydrochloric
acid and sodium hydroxide solutior (1 N) and for Zn in sodum hy-
droxide solution (1 N). The percent inhibition (P) was calculated
from the following equation 10 :
00 (1 W
=100 (1 — —W1—)

where W; and W, are the corrosion rates in absence and in presence
of inhibifor, respectively.

RESULTS AND DISCUSSION

The corrosion rate of Al (in acidic and alkaline media) and Zn
(in alkaline medium) in presence of thiosemicarbazide {TSC) as an
inhibitotr was measured by weight loss techmiques. TFig. 1 is a plot
of the corrosion rate of Al versus the logarithm of inhibitor concen-
tration in 1 N HCI and I N NaOH solutions. It was observed ihat,
a8 the inhibitor concentration increases the corrosion rate decreases
asyinptotically. This agrees with the results obtained for thiourea
and some of its derivatives 11, 12, Fig, 2 shows a plot of percentage
inhibition versus logarithm of inhibitor concentration in 1 N HCI and
1 N NoOH solutions. It is evident that, in both cases the percentage
protection increases Wlth increasing inhibitor concentration. The
Mlimiting value at an inhibitor concentration of 4.8X10-sM is about
87% HCl and ¢nly 61% NaQH. It was observed thdt at any m.h1b1tor
concentration studied, the percent protection in acidic solution was
‘higher, than in alkalme one. This agrees with the prewously pubh.shed
results 13 ¢oncérning the effect of thisurea on the corrogion of A] in
both acidic and alkaline media, where the limiting perceiit ‘protection
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dor thiotres gas found to be;about 0% -in 1 N hydrochloric acid and
165 only in sedium bydroxide solution.
. Jt.gan be concluded . that,, thiosemicarpazide is_ more, efficient
iq%:ibgtmj i;l;fag;qpl;gogggq ypder. thé same coneentration in both, agidic
and alkaliie media, = ' - S

Fig. 3. represents the change of the corrgsion rate of, Zn, with
PR s S AT e b L TRt I Lol e et T T ([T L T
the ﬁ)ganth’h 'of inhibitor coﬂéematr;}n in 1N s“od‘}mﬁ hydroxide
Solution:. It.was:.obsérved.that: the. .corrosion: rate' .'deéreises with
increasing concentration of TSC. Fig. 4 shows the change of the pef-
centage inhibition (P) Wi_tPﬂ.l‘qga‘I"itTh_m of .the inhibitor congentration

in 1N sodium‘hydroxide éolufi(“)%l. CIt %"al?l,be,éeien ‘tha the’ protection
efficiency increases with increasing inhibitor concenfration’ #pprosch-
Ing.a.limiting’ value. of "abouti90%. R T i )

The more efficient adsorption inhibition of thiosemicarbazide
than thiourea is probably diie to the larger area or volume occupied
by .TSC from the.additional - NH-group in its molecule. Furthermore,
the different, charge distribution on TSC molecule,increases its adsor-
ption behaviour. Due to the lower concentration of protons in alkaline
medium, he inhibitor reacts forming Zwitter-ions 13,

The applicability of Langmiur’s adsorption isotherm to the adsoor-
ption of tHe inhibitor on the corroding surface was confirmed,' since
a straight line with a slope of 0.42 as given in Fig. 5 was obtained.
However the, deviation of the vzlue of the slope from unity may be
attributed to lateral interaction effects which are not accounted for
in deriving the equation. Similar behaviour was obtained for acid
corrosion of mild steel in presence of TSC 12,

From the above results it can be concluded that, thiosemicarba-
zide is an excellent inhibitor for the corrosion of Al showing marked
efficiency than thiourea at comparable concentrations,
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COMPARATIVE CYTOLOGICAL EFFECTS OF WATER
EXTRACTS OF SOME EGYPTIAN PLANTS ON
ALLIUM CEPA AND VICIA FABA
By
HODA HAKEEM, AMAL SHEHAB and ZAKIA ABU-EL-KHEIR
Botany Department, University College for Girlds
Ain Shams University

INTRODUCTION

In this investigation a comparative cytological effects of some
Egyptian plant extracts which are uwsed as a popular medicinal plants
and as a source of some medicinal drugs was studied on roots of
Allium. cepa and Vieia faba.

These plants are Artemisia herba-alba, Artemisia abrotahum,
Achillea fragrantissima and amixture of the previous three plants
was also tested.

MATERIAL AND METHODS

Preparation of the plant extract :
A weighed quantity (3, 5 and 9 gm) of dry Artemisia herba-alba,
A. abrotahum, and Achillea fragrantisstma (stem, leaves and

flowers) was boiled in 100 ml. tap water 5 mn, The evaperated
water was replaced by tap water to the original volume (100 ml),
then the extract was filtered.

A mixture of the three plants was 2lso uwsed. An equal weight
of the three plants were mixed, then a weighed quantity of the
mixture 3,5, and 9 gm. (Sub-lethal concentrations) was boiled in
100 ml. tap water for 5 mn. then filtered.

Vicia faba seedlings (var Rebaya 40) with roots 2-4 em. in length
were hanged in jars containing enongh extract for 1 and 2 hours for
each concentration. The concentration. The concentrations used were
3, 5 and 9% for each extract used. Tap water was used for the
control experiments,

Allium ceparoots 2-4 em. in length were dipped in jars con-
taining the different concentrations of the used extracts for 1 and 2
hours.

(83)
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After each time interval the roots were cut, fixed in Carnoy’s
fixative (1 : 8 acetic alcohol) for 24 hours then stored under refrigera-
tion in 70% alcohol.

Permenant root tip squash preparations stained with leuco-
basic fuchsin were examined.

Another group of Vicia fabe seedlings and Ailium cepe bulbs were
taken off the water extract solutions after every time intervals (1 and
2 hours) of each concentration, washed with tap water and dipped in
tap water for 24, 48 and 72 hours. The recovered roots were cut,
fixed, stained and examined as previously mentioned-

RESULTS

Inhibition of mitotic index was observed in Alium cepa and
Vieie faba roots after treatment with the different concentrations of
the three used extracts and their mixture. Inhibition of mitotic
index was more obvious in treated A. cepa roots, Tables (1 - 4).

Toxicity appeared after 48 or 72 hours recovery in treated
Vicia Toots with all the used exfracts. While in treated A. cepa roots,
toxicity appeared after 24 hours recovery in the treated roots with
Artemisic herba-alba exfract in the higher concentration only. In
the lower concentrations of the used extracts A. cepa roots regained
nearly their normal condition after recovery, Tables (1-4).

Accumulation of prophases with respect to the other phases was
observed in most of the treatments of all the used exiracts in both
A. cepa and Vicig faba roots after direct treatment.

After recovery, accumulation of prophases was noticed in treated
Vicia with all the used extracts. Also it was noticed in freated
A. cepa roots with some treatments of A. abrotahum after 24h recovery
and nearly all treatments of the mixture extract, tables (1-4).

Accumulation of metaphases was observed in treated A. cepa
roots with A. herba-adba, A. abrotahwm and Achillea extracts in most
of the treatments after the different recovery periods, tobles (1 -4).

Increase in the total percentage of abnormalities was observed in
the two treated plants with all the extracts used, This increzss of
abnormalities was not related to concentration or time of freatment
or type of treatment (direct or recovery), tables 5 - 8)-

Abnormal prophases, was observed only in treated Vicia with
Artemisia - herb-alba extract.



Stickiness was a common abnormality in nearly all treatments
of the used extracts in either direct or recovery tests, Fig. 1, 2 and 3.

Bridges were also a common abnormality. It was found in
nearly most of the treatments of direct and recovery tests in both
A. cepa and Vicla faba with all the extracts used- Most of the ocbserved
bridges were sticky bridges, Fig. (4).

The most dominent abnormality was the disturbed type. It was
noticed in the two tested plants after treatment with all the extracts
used after both direct and recovery treatments. Fig- (6) show pro-
phasemetaphase stage in which the chromosomes retain their prophase
position. Fig. (6) shows c. metaphase and Fig. (7) show disturbed
anaphase. Polyploidy was noticed in small percentage in all' the direct
treatments of Achillea extract on Allium cepo only

Laggards, and breaks, Fig. (8, 9 and 10) were a less dominent
abnormalities. Breaks was noticed in treated Vieiz roots with
Artemisia herba. albg and A. abrotahwm extracts in some of the direct
and recovery treatments. It was notieced also in treated Allium cepa

with A. abrotahum extract only.

Despiralization was observed in most of the direct treatments of
treated Vicia with the Achillea extract only, Fig. (11).

Miero-nuclei, Fig. (12) and binucleate cells were noticed in a gmall
percentage in nearly all treatments and all the recovery periods of all
the extracts used on the two used plants.

DISCUSSION.

Artemisia herba-alba, A. abrotahum, Achillea and the mixture
extract may be considered as 2 strong anti-mitotic agents on Allium
cepe since they Teduced the mitotic index after 2 hoirs treatment.
Their effect was inhibitory (temporary) and not lethal (permenant).
This result was similar to that reported by Kaul (1972) after freat-
ment with ISDA.

Vicia fabd proved to be a resistant plant in all diréct treatmients.
This resisting action of Vicia roots collapsed and showed mito-depres-
sive effect.

Toxciity appeared in treated A. cepe roots with the higher ¢on-
cenfration of Artemisia herba-alba extract after 24 or 48 hours
recovery. While in the other three extracts Artemisia abrotahum,
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Ackillea and the mixture extract depression of mitotic index was
obvious in this concentration (9%). This means that the higher con-
centration of the former extract has a lethal effect (irreversible).

Accumnlation of prophases which was observed in treated
A. cepo and Vicia faba toots with the four exracts used indicate a
delay in the spindle formation- While accumulation of metaphases
observed after the different recovery periods may be the resuit of a
disturbance of the normal function of the spindle mechanism.

Abnormal prophases were recorded in treated Vicia with
A. herba-alba extract only. This abnormality was explained by
kabarity (1966) on the assumption that the agents used hindered the
process of individualiation of chromatin threads to normal chromo-
somes.

Stickiness was 2 common abnormality in the two treated plants
Allium cepa and specially Vicia faba in nearly all treatments of the
used extracts in either direct or recovery tests.

Some of the other chemicals which produced stickiness were
8 - ethoxy coffeine (Kihlman 1955), potassium cyanide (Lily 1958)
and asafoetida, (Narasimba Das et al- 1968). Sudharson and Reddy
(1971) noticed high percentage of stickiness in 0.5% 72 bours soaking
peried of Lathyrus sativus extract.

Most of the observed bridges were sticky bridges. Seshachar
and Nambiar (1955) using carbon tetrachloride attributed the occu-
tence of sticky bridges in anaphases of Allfum roots to be due to
decreage in viscosity of the matrix causing the distal ends of chromo-
somes to fail to separate,

The «prophase metaphases type induced in this study was similar
to those observed by other authors as a result of treatment with
various chemical agents viz. colchicine (Barber and Callen 1943),
ethylene glycol (D’Amato 1948) and suiphanilimide (Amer 1960)-

Disturbed metaphases and anaphases were a common abnormality
by all the used extracts in the two plants Alium cepa and Vicia faba
These abnormalities may be the result of inhibition of spindle mecha-
nism by these extracts.

Laggards, breaks and fragments oocured in this study led to the
formation of micronuclei.

" Despiralization was noted in treated Vicia with the Achillea
extract after direct treatment only. Despiralization was observed only
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fn the anaphase stage, thus the Achillea extract may couse a partial
dissolution of the matriy substance of the chromosomes.

A survey of this discussion of the present results may lead us
to rerport that the used extracts are non carcinogenic agents as far as
the present study shows.

SUMMARY

The cytological effects of water extracts of some Egyptian plants
of popular medicinal use were studied on root mitosis of Allium cepa
and Vicie fab.e These plants are Artemisia herba-alba, Artemisia
abrotahum, Achillea fragrantissima and a mixture of the previous
three plants was also studied.

The four used extracts showed a mito-depressive effect on
Allium cepa roots after direct treatment which was temporary and
regained its normal course after recovery experiments. While
Viein fabae roots resisted the action of these extracts but this resistance
collapsed after recovery experiments.

These extracts affected also the percentage of mitotic phases in
the two plants used.

The different mitotic abnormalities induced by the used extracts
were ; abnormal prophases, stickiness, bridges, spindle disturbance
prophase metaphase, C-metaphase, multipolarity and polyploidy,
laggards breaks, despiralization, micronuclei and binucleate cells.
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TABLE &

Total percentage of abnormalities in treated Allium cepa and
Vicia feba roots with Artemisia herbe-alba extract after direct and
recovery experiments.

Concent- Time of Direct Recovery
ration treatment 24h 43h 72h
Allium cepa
Control 0 0 0 0
3% 1h 6.1 —_ —_ 10.3
2h 222 —_ 121 26.3
5% ih 12 29.6 2149 15.6
2h 0 8.8 16.3 40
9% 1h 0 Toxic Toxic Toxic
2h 143 Toxic Toxic Toxic
Vicia faba
Control 0 0 0 0
3% 1h 82 4.6 82 Toxie
2h 2.0 11.6 13.1 10.6
b% ib 123 83 6.7 Toxic
2h 122 77 79 225
9% 1h 135 2.6 8.6 83

2};_ 25.1 20.8 9.3 Toxic
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TABLE 6

Total percentage of abnormalifies in treated Allium cepa and
Vicia faba roots with Artemiswa abrotahwum extract after direct and

Tecovery experiments.

Cm_ment- Time of Direct Recovery
ration treatment 24h ABh 72h
Allium cepa
Control 0 0 0 0
3% 1h 0 84 0 19.1
2h 0 19.2 9.3 0
5% 1h 19.3 33.3 21.7 101
2h 27.9 20.3 0 11.0
9% 1h 0 8.3 0 B.5
2h 189 128 Toxic Toxic
Vieia faba
Control 0 0 0 0
3% 1h 11.2 3.1 Toxic Toxic
2h 0.8 0 Toxic Toxic
5% 1h 137 39 11.4 Toxic
2h 141 28.6 1.5 16.7
9% 1h 161 11.9 15.6 211

2h 15.1 29.6 Toxic Toxic
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TABLE 7

Total percentage of abnormalities in
Vicia faba roots with Achillea exfract after direet and recovery

treated Alium cepa and

experiments.
f&?ﬁ " reatmeny  Direct 24h o o
Allium cepa
Control 0 0 0 0
3% 1h 11.2 175 —_ 245
2h T4 0 79 221
5% 1h 0 —_ 16.9 10.3
2h 9 —_ 14.2 0
9% 1h 0 — 3.2 9.9
2h 89 20.3 20.9 9.1
Vicia faba
Control 0 0 0 0
3% 1h 49 (N 0 Toxic
2h 12.4 6.3 Toxic Toxic
5% 1h 16.6 41 23 Toxic
2h 11 5.6 2.6 Toxic
9% 1h 111 44 - Toxic Toxic
2h 89 48 Toxic Toxic
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TABLE 8

Total percentage of abnormalities in treated Allium cepa and
Vicia faba roots with mixture after direct and recovery experiments.

Concent- Time of Direct Recovery
ration treatment 24h 48h T2h
Allium cepa
Control 0 0 0 0
3% 1h 34.7 —_ 6.6 131
2h 114 Toxic Toxie Toxie
5% 1h 21.2 — 196 126
2h 11 — 17.9 8.3
9% 1h 241 100 9.6 31
2h — — 33.3 12.3
Vieia faba
Control 0 0 0 0
3% 1k 3 0 Toxic Toxic
2h 24 6.7 0 Toxie
5% 1b 13.4 2.9 143 Toxic
2h 15.3 Toxic Toxic Toxic
9% 1h 77 13.8 0 Toxic
2h 16.3 0 100 Toxie




ANGLES BETWEEN SUBSPACES IN
N-DIMENSIONAL VECTOR SPACE

By
H. M. HAWIDI

ABSTRAC? : In this paper, the concept of
angles between two subspeces V and W in
n-dimensional vector epace R, is introduced,
and scme properties of these sngles ars given
to be used in the proof of ‘one theoren which
determines in Bn the number of subspaces w of
different dimensions, inclining to a fized
gubspace V at the szme fixed angle " ..
ig of interist to rote that this theorem remains
valid in 3-dimensional vector space even for
ordinary angles between vectors.

INTRODUCPION :- It is clear that in 3-
dimensionsl vector space there exist only 2
subspacee of different dimensions, which are
inclined to a fixed subspace V at the same
angle o , 0 £ K 90°. Obvieusly, ome of
the two integers . {3-dim V) end (4-dim V)
equalelal_for ddim V=11f V is & straight
line, and dim V= 2 1f ¥V 1s a plane. Thus
in 3-dimensional vector space the number of
gubepaces W of different dimensions, which
are inclined to a fixed subspace V at the
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same angle o{ is equel to one of the two integers
(3-dim V) and (4-dim V). This fact is seneralized
in the present paper, where the coacept of angles
between subspaces in unitary n-dimensional vector
gpace Rn is introduced and a theorem is proved

to assure that if in Bn a subspace V of dimension
m is fixed, and an angle v 1is gven in V, then
the nupber of subspaces W of different dimeasions,
which are inclined to subspace YV at the same angle
4 equals one of the two integers (n - m) end

(n +1-m). '

BASIC LEMUAS : Let V and W be two subspaces
in Rn’ and let P_ and P, be projection operators
of R, onte subspaces V and W respectively. If
P" im the restriction of P, on ¥, end P;, is

v
the restriction of P, on ¥, then

=Py P, - @=CPRLTy (1)
are two lipnear operators in V and W respectively.

DEFINITION : Linesr operators* and ¢
determined by equalities (1) are called the angles
between subspaces V and W. For angles r{* and ¢
we can use the notations:

Y=<k (W), #=~=<% (V).
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(11) Cio = 0, Here we have
mo= Xy Okl X+ X,
dim W = m' = °<\o+m,
N 1.
{, =dim (BAV).

Since W is a proper subspace in R cﬂ; must
satisfy the condition

0 < x, < n-n-1

end so in thisz case there are (n-m) subspaces of
dimensions m, a+l, ... ; o-l1.

(ii4) m :>c<° j:> 0. In this case

= 4
B o= &+ o+ p ees t o+ &

q '_ Y \

\ . )
where c(a muet satlsfy the condition

y
0 55“% X n-m

and go in this cese there sre (n+l-m) subspaces
W -of dimensions m- X, m~ X _+l, ... , 0= X
and the Theorem is proved.

o’
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REMARK 1 : In cases (iil) and (iii) it is
easy to show how to construct any subspace W of
given dimension m' to be inclined to V at tna

ansle W= < (V,W), where

n-1 in case (ii)

"<
dgm L o-A in case (1ii)

REMARK 2 : Exemples show that two different
subspaces Wl_and WZ of the same dimension may satisfy
the condition X (V,W;) = <% (V,W,). It is not
difficult to prove that two subspacea Wl and J
of the same dimension m are inclined ta subspace
V at the same angle N = =¥ (V,¥;) ==X (V,H,)
if and only if there exiete in Rn e uaitary

operator 1T, which trensforms W, into ¥, end
induces in ¥V a unit operator, i.e. T is such that

REMARK 3 : The concept of angles between
subapaces in'Rn ig a rich concept which has
important applications (see [21 and [3] ).

ASSIUT UNIVERSITY
FACULTY OF SCIENCE
DEPT. OF MATHEMATICS.
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PROOF : Here also the proof is given only
for ~ . ‘Let ¥ (x) = N x. Since the length
of any vector cannot be increased by projection,
therefore

L= 2 lmgo 3 oy | -

Yo [ =M=

Corollery 1 and relation [ x{> N\ [ x || imply
that 0 < X < 1. To find the multiplicity of
eigenvalue 1 for operstor Pf let, on one hand,
x & (VAW); therefore

' (x) = P B, (x) =P (2)=2x.

On the other hand, if r\' (x) = x, then

x> @[S v@] =] <]

i.e. “ x l[: fle(x)I' s Which can be valid
only when Pw(x) = X, and comsequently x ¢ (VA W).
Actually we obtained that ' (x) =xif and only
if x € (VN¥), and the Lemma is proved.

LEMMA 3 : Operators H( and @ have the same
eigenvalues, different from zero, Moreover, each

of these eigenvalues hgs the game multiplicity for

/Y and @.
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PROOF : Let r\’(x) = A xz, where x £
Y, X\ 3#£ O. Then we obtain

§ (2,(x)) = B, B (By(x))

f

P, (B, P (x))
P‘; ()
P, ( A x
A (B (x) )

j.e. )\ is also an eigenvalue for operator &, .
where corresponding eigenvector is P_(x).
Anglogically, if @(y) = M ¥ , ¥ € W, m# O,
then we obtain r’f(Pv(y))= Mmoo (P,(y) ). Thus

we proved thet N and @ have the seme elgenvalues,
different from zero. Now, suppose that Z# O

is an elgenvalue for I and # with multiplicities
P and Y rrespectively. Let Xy 5 Xy eon o be
complete orthonormal system of eigenvectors for
operator |"( , which corresponds to eigenvalue |
From equality (2) we obtain

(?w(xi)opw(xj) ) = ( ‘T (xi)'x:})
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A (xi.xj)
- ),

where S 1 is the Kronecker sympol, i.e., 8 13
=1ifi=3, S =0 1if i#£j§; 4i,j=1,2,
ooy _P. Consequeﬁhy, P (xl),..., P (x,) is an
orthogenal system of eigenvectors for operator ¢,
corresponding to eigenvalue § . Actually we proved
that B €Y .  Analogically we can prove that YEPB
and consequently p Y o Proof is accomplished

From lemmas 1-3 we deduce that if 0, >\1,
)\2"""" xs’ 1 ’ (o < I\ < >\ .oo< X
< 1), are the eigenvalues o?f the 0perator +

with multiplicities &_ , &, , o, ... » X
o 1 2
respectively, then O, )1, )\2, beo >\s , 1
are also the eigenvalues of the operator ¢ with
multiplicities . , 1 s %oy see o(s o(
H

o
where .

= dim (vnw!'), v; = dim (anl)’ %X = dim
(v dw).,
It is also clear that
dim V= m = 0(°+ 0&4- 0(2+...+ Dls‘..-b('

. ’ \
i = mt'= ol o (o4
dim W=m °‘b+ 1+ ot oees + B+°<.
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N
and, consequently, m = m! if and only if db = Ub,
Now we are ready to prove the following
theorem ‘which is the main aim of the present

Daper.

THEOREM : Let in Rn a proper subsgpace V of
dimension m is fixed, end let 4’ be a given angle
in V. Then the number of proper subspaceg W of
different dimensions, which are inclined to V at
the same angle & = ==X (V,W) is equal to (n+l-m)
or (n-m) eccording as o . satisfies or does not

0
satisfy the condition m X, > 0 respectively.

PROOF : Let the eigenvalues of operator o
MO B Ny oo g o coo o Mg g B g (o</\1<>\2
oo & Ny < 1), vith multiplicities o, ©A,
Koy ooy ™ » % respectively. Here o,
plays the leading part. There are three possible

cases,

(1) & =m. In this case V end W ere
multally orthogonsl, and so W coincides with any
subspace in ¥V ., Since dim V- = n-m, we can
construct in V subspaces W of dimensions 1,2,
.+ss N-M, wWhere subspace W with dimension (n-m)

coincides with V .
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LA 1 ¢ ~N* and g are pesitive-semidefinite
operatora in V apnd W respectively. lioreover,
tV* and ﬁlwill. be positive-iefinite if and only if
(VAVW)=0end (W NV) =0 respectively.

PROOF : We prove the rqumfa only for the
operator <Y . For any tv‘vbl veciors'x and y
from V we obtain R

+

(Y (@) = T8 (Duy)

= (P, B (x)y)

' o Al
b P s

=((I-22 ) B_ ("%) -y)

[

n

-(Ew'ﬂ(xi:ii.'ﬁ
= (Pw(x)°(Pm 'F-Pw": ) (7))
e (B (x).y)= (P (x).P_(¥) ) (2)
=((I-Pgt )(x).P_(¥))

= (x-Pw(Y) )

]

(x.(p, + B+ ) B _(3))

"

(x.2 P (y))

= (x. P‘: P; (¥))
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ce (R @) = (xR () (3)

Bquality (3) proves that N is hermitian operator
in V.
Prom (2) we obtaln for every vectorx &V

(% @.3) = (By(x).2(x ) = | Pw(xi "2

i.e. & iB positive-pemidefinite operator in

V. It is clear that & will be positive~definite
1fand.on1y1fP(x)a!05q‘x €V ,i.e. if
and only if (vnw )=0 , and the proof is finished.

COROLLARY 1 : All eigenvalues of operztors
¥ and ¥ are non-negative (see (1} , 2. 274).

COROLIARY 2: Zere ig an eigenvalue for!"g’ and

'@ with multiplicities of, and o(; respectively,
where

o = dim (vmxr"L ), q; = dim (wr\vi Yo

LEMMA 2 : All eigenvalues of operators If'
and @ are included between O and 1, moreover,
eigenvalue 1 has the same multipiicity o for o
end @, where o = dim (VNW).
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STUDIES ON THE EFFECT OF SOME UREA-HERBICIDES
ON THE WATER-BALANCE OF VICIA FABA

By

AMER, F.A. and SHETEWI, S.
Women's College, Ain Shams University

INTRODUCTION

In the previous work on the effect of herbicides on plant trans-
piration attention has been given to the action of these chemicals on
stomata, being the major pathway for tramspiration. Most of the
available data point to a decrease in transpiration resulting from
stomatal closuree Brown (1946) reported reduced transpiration rate
in bean plants treated with 0.1% 2,4—D. The effect remained for
five days after treatment where transpiration was 34% less than the
control.  Similar, results were obtained by Kasperik (1955) and
Rakitin ef al. (1959). Also Sivadjian (1967) observed that saturated
solution of atrazine reduced transpiration in Phaseolus leaflets ; the
effect remained 3—4 hours after treatment. Minshall (1960) re-
ported a decrease in trangpiration of 40—50% in the leaves of kidney
beans when their petioles were immersed in monuron solution at an
internal concentration of 15—20 mg/gm fresh weight of leaf. How-
ever, with internal concentration of 5—10 mg/gm fresh weight
of leaf, transpiration was increased. Smith et gl (1964) also obser-
ved a marked reduction in transpiration after treatment with many
chernicals including linuron and referred the reduction partly to
stomatal closure. It is possible that stomatal clogure might be the
indirect result of suppression of photosynthesis. That ibhibition of
photosynthesis results by the application of urea-herbicides was
observed by Rogers et al. (1968) in cuember and beans. The con-
sensus is that CO, concentration in the leaves occupies a key position
in the sequence of events leading to stomatal opening and closure.
A reduction in the use of CO, in photosynthesis could result in its

accumulation and the consequent closure of stomata (Kettelaper
1959).

As: plants respond differently to a certain herbicide depending
on their nature : the work presented herein was undertaken to test
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the response of Vicia faba to linuron and cotoran supplied in suble-
thal concertrations,

MATERIAL AND METHODS

The same variety of Vicia faba and technique of cultivation as
in the previous communication (Amer, unpublished) was followed.
Potometer experiments were also performed with tooted plants. The
potometers were filled either with the nutrient alone for contrel or
with the nutrient containing the appropriate concentration of the her-
bicide. Sublethal concentrations of two urea-herbicides were used
Linuron at 1, 10, 20 and 75 p.p.m. and cotoran at 1, 10 and 100 p.p.m.
Duplicate potometers were used for the control and for each of the
herbicide concentration. The mean values of transpiration and ab-
sorption calculated as mg/hr/dcm? are presented graphically. Also
water content expressed as percentage of the original for each plant-
was recorded  Air temperature and percentage relative humidity
deficit for each hour of the experiment are also given.

N

RESULTS AND DISCUSSION

Linuron 3 — (3,4 dichlorophenyl) —1— methoxy —1— methyl urea
wag added at 1 and 10 p.p.m. concentrations in the first experiment.
There was a slight rise in transpiration in the first two hours after
application (Table 1 Fig. 1) which was+ more pronounced with 10
p-p.mn. concentration, becoming twice ifs initial value. This increase
was almost kept till 4 p.p.m. then the rate ran slightly below that
of the control. With 1 p.p.m- concentration, however, transpiration
rate was quite close to that of the control throughout the experim-
ental period. The iucrease observed with the 10 p.p.m. concentration
is in close agreement with the results of Minshall (1960), who obser-
ved similar increase in kidney-bean leaves when their petioles were
dipped in low concentration of munuron another herbicide of the urea
group. Though, the author did report no eifect of the chemical on
water absorption. In the present investigation, a continuous but
slight rise above the control was observen. The fact that both trans-
piration and water absorption increased with low concentration of
linuron, while opposite changes were observed with the same concent-
ration of gramoxone (Amer, previous communieation) indicates dif-
ferent mode of action of the two chemicals. Linuron might be effec.
tive through biochemical changes in the leaf celis activating absorp-
tion, while gramoxone cause permeability changes not functional in
water absorption. It has been stated by Homer & al. (1960) and Mees
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(196Q) that bipyridilium herbicides cause extensive dlsmgamzatwn of
cell membranes by the effect of their energetic radicals.

In a second eéxperiment with linuron supplied at 10 and 20 p.p.m.
(Table 2 Fig. 2), the same trend in transpiration was observed, slight
increase after application was observed with both co_ncen‘ii'at.ions
followed by 2 decrease except for the afternoon peak. The decrease
was more apparent in the 10 p.p.m. treated plants pulling down thé
total loss to 89 compared to the contr¢l. This value is quite cloze
to the reduction observed with the same concentraion in the pevmps'
experiment, These results are in close agreement with those obtained
by Allerup (1964), who stated that growth regulators like 1AA, IBA
and NAA ‘cause only transient increase in the rate of transpiration’
followed by a fall. Also they agree with the results of Sitinkova
(1966) using GA and TAA. Yet, they differ from the results obta-
ined by Rao ef al- (1963) who reported uniformly high rate of trans-
piration. However they partly agree with the resulis of Smith
et al. (1964) who reported a marked reduction in transpiration after
4 hours of application of 20 mg/1. linuron ; yet it is possible that
they overlooked the initial transitory increase. It is fairly well
established that linuron exerts its effect om franspiration through
its effect on stomatal mechanism. That the chemical causes stomatal
opening followed by closure that lasted from 3—5 days was previously
demonstrated in this Iaboratory.

In this experiment absorption also increases with Iapse of time,
but it did not restore the water content to its oviginal level, it drop-
ped to 93% of this value. Such results are different from those
reported by Kozinka (1967) where loss caused a reduction in water
uptake when he used growth substances. This again indicates a
different mode of action between growth regulators and substituted-
urea compounds. This indicates that urea-compounds have no dam-
aging effect on roots but only affect the Hill reaction and conse-
qently stomatal closure (cf Moreland ef al. 1958).

In a third experiment (Fig. 3 Table 3) using 20 and 75 p.pm.
linuron, again the same trend in transpiration rate was observed,
a transient increase followed by a fall, But, in general the reduc-
tion was lower and was reflected in a less rduction in water content
pulling it down to 97% their original values with both concentrations.
Such lower reduction might be partly attributed to the prevailing at-
mospheirc conditions where air temperature and relative humidity
deficit being less severe. The effect of the atomspheric evaporating
power is more pronounced in Vicia where cuticular téanspiration is
appreciables.
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On using another substituted-urea herbicide (fluometron) N-N-
dimethyl-N’ (8 - tri fluoro methyl pheynl) at ¥ and 10 p.p.m. concen-
tration in one experiment (Table 4 Fig, 4) the following results were
obtained. Transpiration showed a slight rise till early afterncon both
in control and treated plants. Later a clear drop was observed in all ;
but the gross amount of water lost was lower in the treated plants and
was proportional to the concentration of the herbicide. Such results
are in agreement with those of Sivadjian et al. (1965) using saturated
atrazine. Yet they deviate from the results of Rao et 2l. (1963) using
2,4-D on Trianthema sp. As in the case of linuron there seems to be 2
different mode of action of urea-herbicides on the water economy in
plants compared to growth hormones. It also suggests an explan-
ation for the work of Rogers et al. (1968) who observed a reduction in
photosynthesis when using flumetron on cucumber, bean and cotton
Photosynthesis is definetely a function of water-content.

Absorption, also showed a slight drop after treatment, it rose
slightly later then dropped again in the afternoon. The water content
changed slightly showing a mean of 94, 93 and 97% of the original
values in the control and treated plants respectively,

In another experiment with fluometron at 10 and 100 p.p.m.
(saturated solution) transpiration showed the following frend (Table
b Fig. 5) ; there was a slight rise just after treatment followed by
a drop that was more pronounced with the saturated solution.

This recalls again the conclusion by Sivadjian et al. (1966). Ab-
sorption 2lso as in the previous experiment increased slowly in control
and treated plants- In the afternocon, it started to drop only in the
treated plants thus clearly deviating from the control. This relation
restored the water content where oniy a drop of 8% of the original
value tesulted in the plants treated with 100 p.p.m. fluometron.

SUMMARY

Potometer experiments were performed on Vicie faba plants supp-
Hed with Linuron and Fluometron ranging in concentrations from 1
p.p.m. to saturation. Linuron solutiom, at all concentrations, caused
an increase in transpiration followed by decrease- Absorption also
increased slowly restoring the water content of the plants. Fluo-
metron, resulted in a less discernible increase after application followed
by more pronounced reduction which is a function of concentration.

It seems that the effects of urea-herbicides are different from
hose of Gramoxone on the water economy of Vicia faba plants. With
he former herbicides the decrease was accompanied by increase in

-
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absorption, whereas with gramoxone, absorption did not increase.
This recalls the statement of Sivadjian (1967) that the increase in
the water loss with gramoxone spray is not transpirational but
resulted from water loss from the damaged leaf areas and did not
result in an increase in the transpirational pull.
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SUPPLEMENTATION OF EGYFPTIAN
BREAD WITH SOYBEAN FLOUR
1. EFFECT OF SUPPLEMENTATION

ON THE QUALITY AND ACCEPTABILITY
By
NAZIRA AFIFY, and MAHASSEN H., ABBASSY*

ABSTRACT

Analysis for both wheat flonr and soybean flour was made.
Egyptian bread was made with different combinations of wheat and
soybean flour = 100 : 0,95 : 5, 90 : 10, 85 15 : 80 : 20, 2nd 75 :
25%. The bread was scored for aroma, crust and crumb color, texture,
flavor, and overall acceptability by Egyptian judges. Bread made
with 209 soybeanflour had the highest mean score for crust color
(5.88}, texture (5.53), and overall acceptability (5.96). Bread made
with 256% soybean flour had the least mean score for hoth aroma
(5.28), crumb color (5.34), and flavor (5.9). It had 2 characteristic
arema and flaver but not bad. Concerning overall acceptahility it is
amazing to recognize that both bread made with 2092 and 25% soy-
bean fiour had the highest scores (5.96 and 573 sespectively) and
more acceptable than bread made with 0% soybean flour which had
the least mean score (4.73) for acceptability. Bread made with 5%
scybean flour had the highest mean score for aromsa and flavor.

INTRODUCTION .

Grains supply over 50% of all human energy in the worid, in
some countries they provide 709% of the total food intake (6). For
instance most of the protein in the Middle Eastern diets comes from
cereals and pulses (4). In many diets, cereals make a greater con-
tribution than any other food groups to both energy and protein con-
tent. About two-thirds of the available protein comes from wheat in
the form of bread. The bread consumed in ‘Egypt is called Eish-
Ballady and is made with 80-85% exiraction wheat flour, starter
(yegst), salt, and water without addition of fat,

¥ Ein Shams Univ., College for Girls, Cairo, Egypt.



— 126 —

In general the lysine, threonine, sulfer containing amino acids
and tryptophan content of cereals are low, where as legumes are a
good source of lysine, but limited in the sulfur-containing amino
acids (2)- So it is practical to attempt to improve the nutritive value
of cereal proteins by incorporating in the diet of other foods which
supply the deficient amino acids (). In comparing wheat to the
Food and Agriculture Organization reference pattern, Howe (4) found
that lysine was the most deficient amino acid and trypophan the next.
Yang et al. (8) proved that the nutritive value of wheat flour im-
proved by lysine supplementation up to a level of 0.20 or 0.26%.
Soybean protein is rich in essential amino acids, espesially, lysine.
Thus a combination of wheat and soybean should give protein of
higher biological value than wheat or soybean alone.

In Egypt, the price of food plays an important role in the type
of food consumed, and animal proteins are beyond the economic means
of many people. So it is impotant to develop food mixtures high in
protein by using local inexpensive foods,acceptable to the population.
Acceptability of Egyptian bread made from wheat flour supplemented
with soybean flour was investigated.

MATERIAL AND METHODS

Wheat flour 72% extraction was used, Soybean flour was supplied
by the ADM Milling Company, Kansas City - Mo Different conbina-
tions of wheat flour and soybean flour were analyzed for protein
(N X 6.25).

Egyptian bread was prepared from the following combinations
wheat and soybean flour : 100 : 0, 95 : 5, 90 : 10, 85 :15, 80 : 20,
and 76 : 25. '

Ingredients were 200 gm. flour, 8 gm. starter, 3 gm. salt and
180 ml. water at 37°C. The starter was made by dissolving 25 gm.
pressed yeast in 100 ml. water at 37°C and adding 100 gm. of flour
It was covered and left at room temperature for one day before use.
Method for making the bread was as Follows :

1. Place flour in a dough mixes.

2. Mix starter, and water, add to flour,

3. Mix for 1 min. at first speed and for 3 min - at second spesd.
n ,

Transfer dough from mixer bowl to shallow pan.
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6. Ferment dough for 3 hr. at 37°C in 2n incubator,

6. Cut dough into two leoves weighing 150 gm each and place on
15 gm. of shorts on a cookie sheet.

7. Dust with flour and make it flat by patting with fingers,
Leave for 8 min. at room-temperature.
9. Bake at 500°F for 10 min.

Two loaves of bread from the different comhinations of wheat
flour and soybean flour were baked on each of 20 days. The bread
was scored for aroma, crust color, crumb color, texture, flavor, and
over all acceptability, by Egyptian Judges. The score card was based
on a scale of 1 (very poor), 2 (poor), 3 (fair), 4 (fairly good), &
(good), 6 (very good), and 7 (Excellent).

RESULTS AND DISCUSSION
Protein Content :

Protein content, as analyzed for wheat flour, soybean flour and
for wheat-soybean flour combinations is given in Table 1.

TABLE 1

Protein Content of Wheat Flour, Soybean Flour, and Wheat
Soybean Flour Combinations.

Different Combinations Protein Content *
100% wheat flour 11.239
100% Soybean flour 43119
5% Soybean flour

95% Wheat flour 1261%

10% Soybean flour

90% Wheat flour 14.20%

15% Soybean flour

85% Wheat flour 15.82%
209% Soybean flour

80% Wheat flour 17419

26% Soybean flour -
75% Wheat flour 19.23%

* N x 6.25 for both wheat flour and soybean flogr

~
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The protein content of wheat flour was 11.23% which is in
between of 9.9 to 14.0% protein content of hard wheat flour given by
Griswold (3) and in the range of 12% given in Agriculture Handbook
No- 8 (7) — The protein content of soybean flour was 43.11% which
is in the range of 43.4 to 47.0% given in Agriculture Handbcok No.
8 (7).

Organoleptic Evaluation :

The mean scores for aroma, crust and crumb color, texture,
flavor, and over-all acceptability of the bread are presented in
Table 2.

It was found that bread made with 20% soybean flour had the
highest mean scores for crust color, texture, and over-all acceptability.
Bread made with 25% soybean flour had the least mean scores for
both aroma, crumb color and flavor. Crumb color became darker
with each increase in percentage of soybean flour. It has a charac-
teristic aroma and flavor but not bad. It is interesting to find that
both bread made with 209 and 259 soybean flour had the highest
mean scores for over-all acceptability and more acceptable than bread
made with 095 soybean flour. However, texture and over-all eccept-
ability scores reached their maximum with bread made with 20%
soybean flour, then decreased as more soybean flour was added.

In conclusion, supplementing wheat flour with 20% soybean fiour
produced an acceptable bread in spite of the decrease in score for
crumb color with increasing percentage of soybean flour.

1. American Association of Cereal Chemistss AACC Approved
methods (formerly cereal laboratery methods, 7th. ed.). The
Association St. Paul, Minn. (1962).

2. Asfour, J.R- 1965 Protein rich food mixture for feeding infants
and pre-school children in the Middie East — II. Preliminary
clinical evaluation with labunia mixture. J. Am. Clin, Nutrition,
17 : 148.

3. Griswold, R-M. Starch cookery and flour. In : The experimental
study of foods, p, 284. Houghion Mifflin Co. : Boston, Mass.
(1962).

4. Howe, EE. 1961 Summary of progress on the use of purified
amino acids in foods- In : Meeting Protein Needs of Infants and
children — Natiohal Acadamy of Sciences, National Research
Council, 495.
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STRUCTURE AS MEANING IN CHAUCER'S
«The Parliament of Fowls» and «The Book of The Duchess»

By .
FADILA MOHAMED FATTOUH

B. A, Hons. & M. A, Cairo University,
M. A. Leeds Univetsity, Ph.D, Ain Shams University,

TheParliament of Fowls is considered imperfect in structure and
fundamentally disunited. Some critics attribute this disunity to its
different sources, () Emile Legouis describes it as «a curious imitation
of all sorts» and «2 strange mixture.» (2) R.K. Root says :

«Structurally considered, the work is far from perfect; for
the real action of the piece does not begin till nearly 300 lines
have rolled melodiously by. Beautiful as is the description
of the garden of love, its length is both relatively and absolu-
tely extravagent. Quite unnecessary to the action, is the syno-
psis of the Somnium Scipious with which the poem begins, an
unfortunate bit of introductory machinery ... it is not till Cha-
ucer has finished his introductions and has left his authors well

* behind him, that the conyentional gives place to the naturai
and poet’s genius plays freely». (3)

A second reason for the accusation of disunity is the difference in
tone and content of each of the composing parts of the poem. The first
part, Scipio’s dream, is considered very serious, somber, and a sort of
religious moral sermon on the trivizlity of this world in comparison
to the celestial one. The garden of love is regarded by G. Williams

~  as a «luscious sensous, almost sensual descriptions. (4) The third part,

the assembly of birds, is

(1) Briefly, these sources are a «lay» by Marie de France entitled 11 Parlamens des
Qiseau pour fair Rot ; Alain de L'Isle, Complalnt of Mature ; Macrobious, Commentary on
The Dream of Sc;rn.o ; The Romance of the Rase ; Dante’s Divlue cumedy and Boccaccio's
Teseide,

(2) - Legouis, Emlle Geoffery Chaucer, Paris 1910, London_ 1913, N.Y., 1961, P. 55

(3) Root, R, The Poetry of Chaucer Boston, 1922 P, 102.

) Wllhams G A new View of Chaucer Duke University Press, 1965, P. 267.

-
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«satirical, half- humourvous and half-courtly dramatically
handled story of love-dispute».(5)

On the other hand, Muscatine, distinguishes betweentwo techniques
and comes to the conclusion that the first part of the poem possesses an
ironie flavour. He suggests that the love vision is not taken with per-
fect seriousness; whereas the second part, beginning with the appear-
ance of «Nature» shows Chaucer as a dramatic writer. He claims that
there is a disruption at this point and the poem seems to bagin anew(6)}.

Likewise, the origin of The Book of the Ducless and the techni-
ques used in it have been the subject of so many studies that aimed at
identifying and relating the work of art to its French and Classical
sources. (7} That limited and, in many cases, detrimental criticism led
R.O. Payne to describe the poem in his book, The Key of Remembrance,
as a wcombinative structure» or «a tripartite structure». He even redu-
ces the work to a scientific formula, of : book — experience-dream. (8)

Such eritical views roused my surprise and curiosity : my surpise,
because I wondered why those critics detracted from the literary value
of these two poems; my curiosity, becanse they motivated me to study
them with a new approach and from a different angle. Usually,

ccritics ask where art comes from, how it becomes what it is,
and what it does ; their questions are about the Souree, the
Form, the End of art. The first question, which concerns the
artist’s experience, emphasizes the matter that goes into art;
the second, which analyses the structural elements that com-
pose the work as a, whole, emphasizes the qualities of art in
itself, the formal means ; the third, which examines the res-
ponse of the audience, emphasizes the function of art.» (°)

(5) Ibid. P. 118
(8) Muscatine, C., Chaucer and The Freach Traditonr, California U.P. ; 1965, pp.
(7) =) Robinson, F.N, (ed), The Works of G. Chaucer, Oxferd University Press,
London_ 1957, 2nd ed., p. 266,
155, 116,
b) Ibid. p. 773, 774.
¢) Kittredge, G.L., Chaucer and His Peetry, Harvard Univesrtiy Press, Cambridge,
d) Cilemen, W. Chaucer’s Early Poctry, Methuen & Co., London 1963, pp. 23 ff.
1963, pp. 54—T72
e) Cbaucer himself acknowledges that when he says at the beginning of the dream:
«And alle the walles with colours fyne were peynted, bothe test and glose,
of al the Romance of the Rose.n
(8) Payne, R.O., The Key of Remebrance, N. Haven, Yale University Press, 1963,
P. 189,
(9) Schorer, M., J. Miles, G. Mckenzle (ed.), Criticism, The Foundations of Modern
Literary Judgment Hartcourt, Brace & World, Inc., N.Y. 1848 — 1958, P. VIIL
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The critics of The Paritament of Fowls and The Book of the Duchess
are only a few of those who discriminate hetween <the source, the form
and the end of art ; in other words, between the structure and the
meaning, We often read critical works that make a sharp distinction
between what they call «structure and textures or «form and contents
assuming that the composition of the work and the expression of its
meaning are two separate procedures ; while, in reality, the act of crea-
tion is one integral process. (10) These distinctions

care varieties of emphasis only. The difference is not radi-
cal, and it is probably a loss to insipht whenever a critic
takes so «pure a position as to make his emphasis appear go.
In the Poetics, Aristetle is no doubt most interested in the
definition of the genre, tragedy, yet when he writes of pity
and terror and the purgation which these induce in the be--
holder, he is concerned with its results.» (11)

Therefore I propose to prove the assumption that structure is me-
aning through an analytical study of two Chaucerian works : The
‘Parliament of Fowls and The Book of the Duchess. The choice of these
poems is purposeful because they have been unjustly eriticized and pas-
sed away as disunified, Tt is true that Chauer relied upon different.
sources for the material of his poems ; and that the poems contain a
variety of tones and methods -of treatment but these reasons are in-
sufficient for detracting from their meaning and value. On the cont-
rary, Chaucer has skilfully manipulated his diverse subject-matter to
express his themes. He managed to create meaning out of the incon-
grous elements and this is wherein Chaucer’s originality is best shown.

PART I

The theme of The Parliament of Fowls is stated in the first two
stanzas, in a piece of «sententia» marked by a very sonorous elevated

(10) <The Russian Formalists most vigorqusly objected to the old dichotomy of
«content versus form», which cuts a work of art into two halves : B crude content and a
superimposed, purely externs] form ...... At first sight the boundary line may seem fairly
definite. If we understand by content the ideas and emotions conveyed in a work of lite-
rature, the form would include all linguistic elements by which ¢onteats aro expressed.
But if we examine this distinction more closely, we see that content implies some ¢lem-
ents of form : e.g. the events told in a novel are parts of the content, while the way in
which they are arranged into a «ploty is part of the form. Dissociated from this way
of arrangement they have no artistic effect whatsgever» Wellek, R. and Warten A., The-
Analysls of the Literary Work of Art, quoted in Modern Criticism, Rushdy, R. (ed.) Anglo-
Egyptian Bookshop, Calro, 1952, p. 88

(11) Op. cit., Schorer, M. et al., p. VIIL
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tone ; it is Love with its «wonderful werkyng» (12) and his emyrakles
and his crewel yre» (13). This foretells in a grave tone that he is go-
ing to treat Love in its various aspects. As the poem proceeds the
idea of Love is expressed and elaborated by different means and in
different ways. First we are introduced o the narrater who is fond
of reading partly for pleasure and partly for learning, but mainly for
<a certeyn thing to lerne.» (14). Accordingly Huppe and Robertson
believe that this thing is «Wisdoin» and though the poem treats Love
on its varicus levels, it is dedicated to « Wisdom=. (15)

Such an opinion may be confirmed by the ending of the poem when the
narrater says after he wakes :

«I wok, and othere bekes tok me to

To reede upon, and yit I rede alwey.

That I shall mete som thyng for to fare

The bet, and thus to rede I nyl nat spare.»
11. 695—699

On the other hand, Wisdom or reading might be the ultimmate consola-
tion for the varity of earthly life with its varied forms of Love ; though
S.8. Hussey believes that such references are common in Chaucer’s
early poems where he «offen speaks of his Medside reading as he does
in The House of Fame and The Book of The Duchess.» {{16)

However, the book our narrater reads is Tullyus of The Dream of
Scipio., We move from the high-resounding first two stanzas, to the
three simple narrative stanzes that follow and, finaliy, to the serious
dream of scipio. The tone of the dream is different : it is rendered
first in the form of warning,

«And warnede hym beforn of al his grace,

And seyde hym what man, lered other lewed

That lovede commune profyt, wel ithewed,

He shulde into a blysful place wende,

There as joye i3 that Iast with outen ende.»
11. 45—49

(12) Op. cit., Robinsen, P. 310, L. 5.

(13) Ibid., 1. 11

(14) Ibld 1,20

(15) Huppe B.F. and D.W. Robenson Fruyt ard Chaf, Princeton University Press,

1963, pp. 32 ff.
(16) Hussey, 5.5., Chaucer, An lntroducuon Methuan & Co., London, 1971, p. 7

and p. 11.
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» and then in the form of order,

<And he seyde, «<know thyself first immortal,»
And loke ay besyly thow werche and wysse
To commune profit, and thow shalt not mysse
To comen swifily to that place deere
That full of blysse is and of soules cleere.»

11. 73—77

In both addresses «the commune profyte» or the general good is re-
peated. The repetition is for emphasis, because «commune profytes
is the opposite of self-love. The main theme of the dream is the futi-
lity of earthly love in countrast to common good. ‘The followers of
common good will go to «the hevene blisss while «the brekers of the
lawe» and the «likerous folk» (17) will be tortured and tormented be-
fore they ars admifted to that realm. Hence the dream of Scipio is
not irrelevant (18) in meaning to the main theme of the poem though
‘the tone is different. It is connected with the firat two stanzas and
serves as a proem to the following parts. Affricanus is the link met-
ween the dream of Scipio and our dreamer, because it is he, still who
makes him dream. (19) But immediately afier that we have the old
stanza in whicl the dreamer invokes Cytherea, Venus, to help him and
fo give him

<myght to yyme and ek to endyte.s
1.119

Tt seems odd because, after the praise of heavenly love in Scipio’s
dream and the attack of «lecherous folks and the «brealers of the law
of Nature» we do not expect the post o proceed in praising Venus.
He is simply sliding her to her place in the <north-north-wests ; she
i3 no more placed in the forefront. Here, the ironic skill of Chaucer
is clear though he does not continue that vein, for he returns again to
serious Affricanus who takes him to the ¢«park walled with grene ston.»
'The garden has a double gate and the contrast between the two ent-
‘rances serves the meaning Through one gate he may pass to «the bly-

.sful places and the «will of graces where «grene and lusty May shal

(17) Op. cit. Robinson, P. 311 11. 78 — 84 See also : Kean, P.M., Ckauger and The
‘Making for English Poetry, Vol. I, Love Vision & Debate, Routledge and Kegan Paul,
London, 1972, p. 162 & 163. ' ‘

(18) Supra, p. 1

€19) See also ; Op. cit., Hussey, p. 44.
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ever endure.» This is natural love, not courtly love because there is
growth and fertility. Through the other side we have barven sorrow
and despair ;

«Ther nevere tre shal fruyt ne leves bere.»
1.137

This foreshadows the result of «courtly loves as we shall see later in
the assembly of birds when the royal eagle will ask for a «Sovereign
lady and not a mate.» To make the contrast between the two kinds
of Love more distinct Chaucer emphasises the colour of the inscrip-
dion :
«These vers of gold and blak iwriten were,»
1. 141

The garden that Chaucer describes is not the garden of The Romance
of the Rose, that is the garden of courtly love ; and it is not paradize,
the world before the Fall. It includes contrasting elements : Venus
as opposed to Nature, Courtly Love versus Natural Love, Earthly love
versus Heavenly Love — all designed to show that the pleasures of
earthly love ars deceiving and that they are a corruption of true love
which has been expressed as the common profit by Affricanus, In 11.
176 — 182 we have a catalogue of trees borrowed from Boccaccio’s
Teseide, but Chaucer shows independence in his use of the epithets to
give meaning to the description ; the trees are described in terms of
their usefulness fo man. He also adds some new kinds of trees such
as : <byldere ok», «piler elms, <holm to whippes lashe» and «sheltere
ew». Then he moves to the beautiful description of the blossomy
boughs colourful flowers and the merry birds. It was a place so
attempre was

«That nevere was ther grevaunce of hot ne cold ;

There wex ek every holsom spice and gras » ;
11. 204 — 207

From here we see «Under a tre, besyde 2 welle Cupide with his arwes,.
forge and file» and «Wile», his daughter, ready to shoot their arrows.
Venus was surrounded by Plesance, Aray, Lust, Curteysie and Craft,
Flaterye, Desyr, Meede ...... Inside the temple was painted many a.
story of those who were ruined by earthly love and we have a catalo-
gue of those names....In the portrayal of Venus and her surroundings.
we have nothing but lust, disgust and evil. The effect is to emphasise
the fleeting and illusory character of carnal satisfaction as well as the
suffering and frustration of passion.
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In line 298, we meet another Queen, the complete opposite of
Venus — «the noble goddesse Natures holding a counsel on St. Valen-
tine’s day when birds choose their mates within the rules and regula-
tions of God, and she, as his deputy.

Their desire is the fulfillment of God’s commandment and not self-
gratification. This second part of the poem shows Chaucer as a dra-
matic writer. As Museatine says, the

cemovement in the second part is sequential, if not plotlike.
The long catalogue of birds at its beginning is securely rela-
ted to the action in subject and theme ...... Nature fhehaves ...
functionally and not decorztively.» (20)

‘We have 2 logical arrangement of dizlogue between the birds. Moreo-
ver, we have some legal terms that give the debate a ralistic flavour —
e. g. : adelyre», «charge», «remedier, statute», «ordinances». At
this point arises the question of political satire in this part of the
poem. Some critics think that Chaucer found an opportunity to bring
into his picture satirical observations on contemporary political affairs
by adding allusions to the storming debates of the God Parliament. In
this he deviated from his literary models and did violence o his alle-
groy. (21) In reply to these interpretations we can say that the use of
the parliamentary proceduve for debate was a common eonvention in
the Middle Ages and was used in the lays of Marie de France, one of
Chaucer’s sources. The satire embodied in the debate was against cou-
rtly love. The parliament has corrupted the order of Nature, because
each bird acted according to his own self-interest. It has corrupted tie
order of man as established by God and administered by his deputy.

This corruption starts when the royal eagle choses a «soverayn
lady and not a Mates. Here we have pure courtly love convention and
two other eagles pursue the same line. In other words the birds of
prey represent the courtly lovers. In contrast to them we have the lowly
birds, also each acting according to his own self-interst and not the com-
mon profit or the order of Nature. The goose says :

«But she wol love hym, lat hym love anothers.
1.667

because she wants to get her mate and fly off. The duck, in the same
‘manner says mockingly :

(20) Op. Cit., Muscatine p. 116
(21) Tyrwhntt koch, Emerson Manly, Richest adoptedthis view., Sec Robinscn, P.

791, 795.
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«Wel bourded, «quod the doke», by myn hat «

That men shulde loven alwey causeless,

Who can a resoun fynde or wit in that ?

Daunseth he murye that iz myrtheles ?

Who shulde recche of that is reckeles

Ye que. «yit seyde the doke, ful wel and fayre,

«There been no sterres, God wot, than a payre.»
11. 589 — 595

Then cuckoo says :

«So0 I, «quod he,» may have my make in pes,

I reche nat how longe that ye stryve.

Lat ech of hem be soleyn al here Iyve.»

11. 605 — 608

Each bird acts according to his own will and self—interest. This fact
is revealed through the dialogue till, by the refusal of the female eagle,
the inversion of values which the post set out to perform is complete
and the poem progresses towards its goal of the «commune profytes
achieved through natural married love for the rest of the birds.

«And whan this werk al brought was to an ende,

To every foul Nature yaf his make

By evene acord and on here way they wende.

And Lord, the blisse and joye that they imake.

For ech of hem gan other in wynges take,

And, with here nekkes ech gan other wynde,

Thankynge alwey the neble goddesse of Kynde.»

11. 666 — 672

This is not different from Scipio’s message, 11, 78 —77 (22) hecause
finally the themes of «commune profytes and «selfless loves are enme-
shed and self — interest becomes the core of all evil and corruption.

(22) Supra p. G.
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PART II

The Book of the Duchese was written in commemoration of the
death of Blanche, Duchess of Lancaster and the first wife of John of
Gaunt. In The Legend of Good Women, Chaucer referred to it as The
Death of Blanche the Duchesse. She died in September 1369 and the
Book was probably composed within the next few months. It is an
elegy, a consolation of 2 patron and a eulogy of his wife; but there is
more than that in the poem. It stands as a self — contained and an
impersonal work of art. Thers is no overt mention of the Duke or his
wife, for Chaucer has so detached himself from the'scene by a skilful
use of familiar literary conventions. He chooses the form of the vision
becaugse in the dream the.

«bereaved lover gives just such a literal account of his past
happiness and presents sorrow as he might have given in
waking life ... the dream renders possible a more intimate
picture of his patron’s loss than would have been seemly on
other termss». (23)

Hence, the result is not a «rheforical obituary ... hut a tribute of pure
love from the lady’s equal, who can speak without constraint, ... (24)
In other words, the dreamer is a substitute — figure, through whom
Chaucer can make an appeal for a cessation of grief without the indeli-
cacy of direct approach, B.A. Bronson develops the point further by
saying that, through the dream convention, Chaucer Iaments Blanche as
two persons : himself and her husband. He says :

«The Knight is the dreamer’s surrogate ...

The train of analysis would lead us to assume

2 kindred connection Metween the lady of the dream and
the fair but cruel ¢physician» who refuses to work a cure
in the Dreamer’s waking life.» (25)

Such an interpretation would take us very close to E. Legouis’ criti-
cism in which he identifies the dreamer with Chaucer, condemns the
poem for lack of originality and deseribes it as a «voluminous and
composite funeral monument, which surprises us today by its artifi-
ciality rather than’ ingeniously complicated plan.» (26) ‘This severe

(23) Lewis, C.S., The Allegory of Love, Oxford 1936, pp. 167, 168.

(4) Op. Cxt Kntredge p- 29.

(25) Bronson, B.N. «The Book of the Duchess Re-openeds. PMLLA  LXVII, 1952, pp.
863-—81, reprinted in Wagenknecht E, (ed.) Chaucer Modern Essays in Criﬂdsum, p. ‘281,

(26) Op. Cit., Legouis E., p. 57,
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criticism of Legouis is the complete opposite of Lewis’s, because we
do not get in the Book of the Duchess 2 formal bombastic, insincare
consolation of a vassal to his liege. The poem does not leave on us a feel-
ing of heaviness and depression. On the contray, through the use of
the dream convention and the ensuing artistic detachment of the writer
we get a feeling of health and conselation, similar to what the knight
gets after pouring out his grief. The poet’s objective in the elegy is
to afford comfort and not to invite sorrow; the convention he uses ser-
ves his purpose.

But although C.8. Lewis praises the dream convention as adopted -
in the elegy, he gives an unconvincing reason for Chaucer’s use of it
He proceeds to say,

... it would be rash to assume that Chauecer eonsciousiy chose
it with this in view ... The use of the dream ... is a device

" of French poets, and I think Chaucer followed it chiefiy beea-
use he enjoyed it.» (27)

Such a statement eontradicts Lewis’s former comments. Chaucer was
a diplomat, a mau of learning and wizdomn; and, above 2ll, a conscious
artist. He could not have used the medium just because he «znjoyed
it>. The dream convention must have been puiposefully and intention-
ally used to give the elegy, its identity and significance. Nevil Coghill
says that in this poem

«the courtier and rhetor had put forth ali his youvas ax. for
his patron and sometime patronesss, (28)

Bui the whole poem is not cast in the dream convention; it stor{s
with reality and ends at the same point from which it started : the
dream comes half-way in the development of the whole poem. At the
beginning we are introduced to the narrater, whe, tired and exhauted
for lack of sleep, wonders how ke has been living thus for eight years.
He takes a bock and starts to read inviting sleep, and the story he reads
turns out to be that of King Ceyx and Queen Alcione. (2°) It is told
succintly and to the point in a very terse style, with no use of rhetorical
or figurative language. Chaucer has condensed Ovid’s incident of
200 11. to 15 11. He does not slavishly imitate Ovid but uses incident
for his own purpose — to emphasise married love and married devo-
tion. The dilaogue is short and the style is naturalistic :

(27) Op. Cit,, Lelis, p. 168,
(28 N. Coghlll Geoffery Chaucer, Longmans, Green & Co., London 1956, p. 29,
(29) The story of Alcione & Cyex is taken from Ovid's Mctamorphases XI
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«This messager com fleynge faste

And cried, «0, ho : awake annon.»

‘Hit was for noght : there herde hym non,
«Awake» quod he, «whoo ¥s lyth there ?»
AAnd blew his horn. ryght in here eere,
And cried <« Awakeths wonder hye.»

11. 178—183 (30)

Jhis story is an appropriate introduction to the vision that is to follow,

L provides the atmosphere and the moo
gem (31) — the awe, sorrow and bere
ne last line of the narrative .

d of the main part of the
avement which is expressed in

«To lytel while oure blysse lasteth.s

1. 211

In line 291, the dream starts in
dting : it is the month of May,
id vitdlity. “The vision is set
pmance of the Rose and this B
as a «faithful disciple of the

its very conventional manner and
the Spring season with its vivacity
in the conventional courtly vein of the
ustifies Lewis’s comment that Chaucer

Rose traditions. (32) But the detailed
seription of natural life in the dream gives us the impression that

» are listening to a description of something that really happened.
Ais lends.an air of reality to the dream : for 1 wag waked

«With smale foules 2 gret hep

That had affrayed me out of my slep,
Thorgh noyse and swetnesse of her song.
And, as me mette, they sate among
Upon my chambre roof wythoute,
Upon the tyles, oyeral aboute,

And songen, everych in bys wyse,
‘The moste solempne servise

By noote, that ever man, y trowe,
. Had herd ; for som of hem song lowe,

Som high, and al of oon acord.»

11. 294 — 305

—_——

(30) Op. Cit., Robinson, p. 269.

{31) See also : Newstead, H. e(d) Chaucer & His Conte
ature and Thought, Fawcett p

132) Op. Cit, Lewis p, .168.

toporaries, Essays on Medieval
ublications, Greenwich, Conn., 1968, p. 129,

(11)

S
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In the forest scene we get details that would turn the dream real ; (33)
but it is always an ideal description, a literary nature, (3¢) Chaucer
is not a «nature» poet although he possesses an exquisite semsibility
to sensouous beauty. The whelp (35) is described in a realistic na-
turalistic manner but it quickly vanishes as is bound to happen in a
dream., It is worthwhile noting that in these descriptions Chaucer
gave great attention to the sense of colour and the sense of movement.
We do not get a static image of the hunt, but one vibrating with the
pulse of life. 'Then, the «Man in Black» is found singing his set in
song in contrast to all the movement around him and he starts to talk
with the dreamer. Here we have two characters that have replaced
the personified abstractions of The Romance of The Rose. The drea-
mer intrigues the knight in the dialogue which is the main objective
of Chaucer, because it is through speech that the consolation will be
achieved. The dialogues are long and have been accused by Legouis
of being <loose verbosity, the matter too often diluted and there are
many repetitions.» (36) Again, I think, this extension iz deliberate
and serves the elegiac purpose of the poem C.S. Lewis says on this
occasion that '

«Chaucer tries : to show dramatically in his dialogue the im-
patient self absorption of grief on the part of the lover, and
hizs demand on the dreamer’'s close dttention. But he does
this so clumsily that he sometimes makes the one seem a bore,
and the other a fool, thus producing comic effects which are
disastrous, and which were certainly not intended.» (37)

To this statement, I strongly object. TFirst, the dreamer is not a fool.
The apparent naivete, lack of understanding, inquisitiveness, and child-
like attitude is part of his dramatic charaecter. He is not stupid but
his assumed stupidity is a scheme that leads the knight to unfold his
sorrow gradually till he reaches the pivot of the whole movement. The
allegory within allegory of Fortune and the game of chess is another
device to induce the knight to speak out. The loss of «fers» is symbolic
and the repetition of :

«thou wost full lytel what thou menest I have lost more than

thou wenest;»
11. 742, 3

(33) See also : Op, cit., Kean, p, 7.

(34) QOp. cit, Hussey, p. 214.

(35) 11. 389 — 396 — the whelp itself is borrowed in every detail from a French
poem.

(36) Op. cit, Legouis p. 159. In opposition to this view, see what kean says in
praising the range and flexibilty of Chaucer’s use of dialogue : Op. cit., kean, pp. 14 & 15.

(37} Op. cit. Lewis, p. 170,
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is intentional and allows the knight to talk more and more unravelling
his sorrow. Similarly, the knight is not a ¢bore» — the lengthy descri-
ption of past joys relieves him of his present sorrows. Moreover, the
love of the «Man in Blacks» is set in the courtly — love convention and
accordingly proceeds to describe his service to God Amor, his courtship
of Lady white, his primary refusal, his suffering and his final accepta-
nee within the framework of the convention and by its terminology.
The use of this convention raises a point of weakness in the elegy which
laments the death of 2 faithful wife because the love of the knight and
Lady white is not a wedded love, though the writer has idealized that
love. (38) This incongruity might find a plausible solution in CoghHl’s
comment that

«Chaucer had swallowed the dream —allegories of France and
the philosophy of courtly love in long draughts from the Rom-
ance of the Rose, the Fontaine Amoureuse, the jugement du
Roi de Behainge ... and he was trying to do extreme honour
to this ordinary Christian marriage by representing it as an
idealized amour :» (39)

In other words, Chaucer, to get the highest effect, tried to raise this
normal love of husband and wife to an idealized amour.

Finally through the interplay of the apparently simple dreamer
and the knight adept in the courtly conventions Chaucer leads us to the
climax of the whole work of art; «she was dead». Nothing can be said
after this final decisive ending. The long dialogue was building up
towards this culmination; and from this point we are carried back to
reality and the poem circles back to its starting point. (40) the clock stri-
kes twelve, the dreamer awakes with the book in his hand and finally
decides to :

«put this sweven in ryme»

Conclusion

The analysis of the Farliament of Fowls and the Book of the Duc
hess has proved that these two poems are far from being loosely cons-
tructed, incoherent or inorganic. This assessment is based on the fact
that each poem is motivated by one single theme and objective that was

(38) - See also : Op. cit., H. Newstead, P. HI.
(39) Op. cit, Coghill, p. 36.
(40) Op. cit,, Newstead p. 170.
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- ~wchieved through the adaptation of diverse materials and techniques.

The diversity in itself is an expression of that meaning and the struec-
farre of each poem is the fit pattern for it. The two cannot be isolated.

In the Parliament of Fow’s., scommune profytes or «selflese loves
iIs expressed through a representation of varying types of love. The
treatment of the idea in a variety of ways and through contrast makes
the poem seem apparently disconnected. The subtle genuine irony

‘rrises from the successive contrasts leading up to the final contrast in
“the assembly belween natural love and the artificiality adopted by the
-Servants of the God of Love — lbetween nature love and the sophistic-
-aled, pattern of courtly conventions. Through the theme we can trace
:an inherent pattern, a pattern built on contrasts that give unity to the
-2pparent discord. What has been taken for disunity is an expression
«of its meaning : the diverse elements are «an entire spectrum of varying
dypes of lover which is the theme of the whole poem.

The Book of the Duchess is alao a web of borrowings and variations
on love conventions; but through the manipulation of the diverse mate-
wial Chaucer has achieved his aim which is not tears and sorrow, as
the aim of any traditional elegy would be, but consolation and relief. (41)
As a3 matter of fact, this consolation is offered at the beginning

>f the poem, summed up in the proverb at the end of the Ceyx and Alei-

sne story. But Chaucer, the artist and rhetorician expanded the idea

through different means : the use of the dream vision and the courtly

love convention, descriptions, catalogues, contrusts allegory and the

fengthy dialogue which wound the poem up to a highly effective ending.
JFurthermore, the common emotional situation of the narrater, Alcione
~zui the Black Knight serves as a unifying element. This sense of de
sprivation in the three characters heightens the effect of the consolation
tand a2dds to its meaning, especially that they are all subject to the «lawe
©f Kynder that governs and directs ali the universe, It is that «lawe of
- Kynde» or «Nature» that makes :

-«To lytel while oure blysse lasteths.

fhe poem that started as an elegy has been skilfully and elaborately
eveloped to display an ultimate truth that tells us : such is the law of
fature — with its moments of happiness and unhappiness, its divessi-
fes and contrasts. And as all great works of art, the Book of The

(41) A persuasive argument is presented by professor J. Lawlor in «The pattern of
Tocsolation in The Book of The Duchess» Speculum, XXXI 1956, pp. 626—648.
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Duchess as well as the Parliament of Fowls have reflected that dive
sity, each according to ifs own theme and within its own pattern th:
is identical with its meaning.

10.
11.

12.

13.

14,
* London, 1957.
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'KING LEAR : A READING OF THE PLAY IN THE LIGHT
OF ITS «DIVINE BACKGROUND»

By

THORAYA GIRGIS HERAKLY, M. A 2nd Ph.D,
Lecturer - Emglish Department
University College for Women, Ain Shams University

Shakespeare’s tragedies have often been studied and discussed.
Indeed, the religious aspects of Shakespeare’s tragedies, in particular,
have been frequently dealt with, but generally with reference to
Hamlet, Othello, and Macbeth but not with King Lezr. The numerous
Christian references in these three tragedies have allowed them to be
considered as tales of <human destiny» described in Christian terms.
King Lear, on the other hand, has not received such attention, nor
does the play (on first reading it) seem to call for it It is true that
some critics have acknowledged the importance of the religious
references found in it, (1) yet no complete study has as yet been dedi-
cated fully to the study of the religious aspect of the play. Hence,
it is my intention to examine King Lear, not in 2 generalized sense,
but instead to study the aspect of the play denoted by the term
«divine backgrounda.

This study has, in fact, been inspired indirectly by the chapter
on Religious Drama in H.D.F. Kitto's Form and Meaning in Drama (2).
But I must emphasize the fact that Kitto neither analyses King Lear
as a religious play, nor does he allude to it as a religious tragedy.
He does not even mention the play at all. But he has a comprehensive
theory dealing with reigious drama in general and Greek drama in
particular: The reason why I mention him at all in my study is that
I found his overall definition of Religious drama useful in so far as
it seemed to me to throw light on and illuminate King Lear. Hence I

—————— e e

(1) AC. Bradley, for instance, mentions that ir Klog Lear areferences to religlous
or krrellgicus beliefs and feelings are more frequent than {s usual in Shakespeare's trage-
dies, as frequent perhaps as in his final Plays». See A.C, Bradiey, Shakespearlu
Tragedy (London 1863), p.222.

(2) HDF. Kitto, Form and Meaning I Drama, Londen, 1930.
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am making use of one aspect only of Kitto’s theory and applying it
to King Lear. 'The analysis in this study as well as the conclusion
that follows are entirely my own as distinet from that of Kitto.

It is Kitto's theory that rcligious drama is distinet from secular
drama in the fact that the former’s real focus is not the tragic hero,,
in the Aristotelian concept of the term, but the «divine actions. I do
not here intend to discuss King Lear in the light of Kitto’s theory ;¢
for the play, generally speaking, is foo rich and varied to conform
to Kitto’s thesis. Instead, I propose to examine the aspect of the play
denoted by the phrase «divine backgrounds, as embodied in the mediume
of verbal references to the heavens, the gods, and all the other forms
of supernatural elements that seem to control the destiny of men. This
has been done in the hope of proving that King Lear is a religious.
rather than a secular play because its real focus is not on the hero;
Lear, hut on the background of «divine actions.

oM ®

S.L. Bethel, in an essay discussing the diabolic images in
Othello, (3) shows that the religious imagery not only contributes to
the development of the characters and the structure of the tragedy,
but also helps towards an understanding of the play. Hence, a study
of the background of «divine actions (4) in King Lear may afford
something of the same guidance and give emphasis to a particular
reading of the play. In this, I hope, lies my contribution because
such a study as I propose attempts to deal with an important side of
the play which has been so far neglected.

X ¥

There is an obvious explanation why King Lear has been diffe-
rently treated from the rest of the tragadies : like all of the play's
sources except for the most immediate (5) it has a pagan setting, and
hence virtually no references to specifically Christian concepts. If
we compare Hamlet with Lear, we find that the former has 51 refe-
rences to heaven, 10 to hell, and 15 to God, whereas the latter has

(3) S.L. Bethel, aShakespeare’s Imagery : The Diabolic Images in Othellop, Shakes-
pearc Survey, 5 (1850).

(4) My uaderfining.

(5) The Chronlcle History of King Leir. For a full' study of" the play's sources.
see W. Perreit «The story of King Lear from Geoffrey of Monmouth to Shekespeares;
Palrestra XXV (1904).
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respectively 16, 1, and none. Christian terms appear to be persist-.
ently avoided, with the exception of some of the speeches of the dis-
guised Edgar ; and these will be separately considered. «Heavens»
is frequently employed in place of <heaven» and words like «angels
and «devils rarely occur. Yet what Kitto sees as the one constant
in his idea of religious drama, «the assertion of a world-order, sym-
boiized by the presence or activity of the gods» (8) is detectable in .
King Lear. This world-order, however, is conveyed, not as in
Hamlel or Macbeth, by the physical presence of the supernatural or
as in Othello, by vivid images of angels and devils, but by the persis-
tent suggestion that the actions of ail the characters arise from the
influence of, or are to be judged in relation to, a background of sup-
ernatural or <divines» activity.

Within a monotheistic background the conception of evil is
constant and unanimous. In Othello, for example, where the con-
cept of evil is the same for zll the characters, Jago describes him-
self as a «divinity of heli», and we feel he knows, together with
Othella and Desdemona, the true nature.of hell. But in King Lear
the characters can only be described as «good» or «badr» according
to their relations to the gods ; for the concept of the gods here is
not a constant factor. Hence references to the gods in King Lear
are immense in their diversity : they have no universally accepted
connotations. They can be instruments of justice, or authors of -
revenge ; they are even sometimes described as indifferent. In that
respect they are quite unlike those in any other of Shakespeare’s
plays., But divine action is in some shape or other omnipresent,
and obvious particularly in the destiny of those characters who ba-
tray no consciousness of it.

* K %

Indeed the background in King Lear is particularly important
owing to the fact that certain references made to it, contribute to-
wards dividing the characters into opposed extremes of egood» and’
«<evils. The balance of the play depends on this precarious opposi- -
tions of extremities of «good» and evil which should be maintained
in any critical approach. Once the critic loses night of the sharp
and well-defined oppositions of these extremities, or attempt to
neutralize them, the 'balance of the play suffers immensely. This,.,

(6) Klitto, Form and Meaning in Drama, p. 238,
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in fact, is a new element in Shakespeare’s works (7), one perhaps
more linked with the later plays than with the tragedies. Some
Shakespearian critics, however, fend to neutralize thess exiremes,
by arguing that Edmund is one of the most attractive of the drama-
tist’s villains, and that Lear’s Knights muat have been a, great nuis-
ance to Goneril. Apain Coleridge iries to elaborate on tiic «little
taulty admixture of pride and sullenness» which he sees in Cordelia.
This and other critical tendencies, however, no doubt, seem to upset
the balance of the play. King Lear appears to me to be more bal-
anced and thus more meaningful if the element of good as against
evil is stressed or maintained. The «bad» characters frequently
turn out to be those who refer to the gods either disrcspectfuily or
rarely. For instance, Cornwall as well as Oswald rarely allude to
the gods whereas Goneril mentions them only once where she chara-
cteristically swears <%y my lifer ; she does not say «by the godss
or «<by heavens. Her sister Regan unintentionzally and instinctively
cries, «0O the blest gods» (Il.iv.166), (8) when Lear curses Gonerii,
but does not mention them again in the play. XEdmund, on the other
hand, alludes to the gods five times, because it is in relation to his
attitude towards them that he is first contrasted with his father.
His allusions to the gods are significantly either flippant or hypocri-
tical and are always characteristic of his specific vision of the divine
forces. He, for example, flippantly urges the gods to «stand up
for bastards». (9) He also hypocritically mentions them twice in
the play ; firat, after contriving Edgoxr’s disgrace he tells Gloucester,
«I told them the revenging gods / ’Gainst parricides did all their
thunders bend» (II.1.44) ; and second, when ha iz discussing Ergar’s
treacdhery with Cornwall, he says, «O heavens ; that this treason
were not, or not I the detectors (I1I.v.11), It is significant, however,
that he does not refer to the gods at his death. Instead, his vision
of the divine forces controlling human destiny embodies only an im-
personal Nemesis, an impartial goddess Fortune ; he sums up his
creed in these Ilast dying words : <The wheel has come full circle ;
I am heres (V.ii1:173). This conspicuously contrasts with his bro-
ther Edgar’s preceding reference to the same subject, «<The gods are
just.»

Indeed, the universe that the «good» characters envisage is of-

(1} See D.G. James, The Dream cf Learning (Oxford' 1951), p. 85.

(8) The text of King Lear used here is taken from The Arden Shakespeua, ed
by Kenneth Mulr, London, 1972.

(8) Edmund, by the way, is the ouly charecter who tends to treat the gods lightly
and disrespectfully.
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ten subject to human supplication and prayer whereas that of the
evil characters is mot.  Hence, Cordelia, Gloucsster, Lear, Edgar,
Albany, and Kent all pray for each other, whereas no «bad» chara-
cter prays or is prayed for. When Cordelia, who is the cmbodiment
or the standard of goodness is referred to, she is often spoken of in
relation to the heavens or the gods: A gentleman describes her tears
falling «like holy water from her heavenly eyess ; her father, Lear,
in his renovated state of wisdom, (:0) alludes tc her perfection in
religious terms ; hence, to him, she is a «soul in blisss, 2 beneficent
spirit.  Many other descriptions of her are made in terms which
have theological connotations : spenking of her Kent says, <The
gods to their dear shelter take thee, maids (1.i.181) ; and a gentle-
man says to heér father : <Thou hast one daughter / Who redeems
nature from the general curse / Which Twain have brought her to»
(IV.vi.202). Indeed, Cordelia’s own words and speeches throughout
the play emphasize this impression, More than once she prays the
gods and calls upon them to assist her in her sore need. For inst-
ance, in her predicament over her sick father she invokes the gods
to cure him with these words :

0 you kind gods,
Cure this great breach in his abused nature.
Th’ untun’d and jarring senses, O, wind up
Of this child-changed father ! (IV.vii, i4).

With the same ardent sincerity she invokes «All bless’'d seerets / All
you unpublished virtues of the earth» to «spring withs her tears to
be caidant and remediate /' In the good man’s distresss  (IV.iv.15)

Cordelia, the standard of goodness, is the only character whose
link with the «divine background» is all the time of this order.
However, in the last scenes of the play three other «goods charac-
ters seem to have a similar attitude to that of Cordelia ; these are
Edgar, Kent and Albany. Of the three it is Edgar who comes near-
est to share the same pious attitude as that of Cordelia. His speec-
hes throughout display a piety as remarkable, singleminded and con-
sistent as that of Cordeliac  Apgain, it is he more than any other
character in the play who best shows that he is consciously
<religious». He refers to the incident of preserving his father's life
in religious ferms calling it a miracle worked by «The clearest gods,
who make them honours / Of men’s impossibilitiess (IV.vi.73), and

(10) It was Bradley who suggested that the play might be called «The Redemption
of King Learn.



— 152 —

he alludes to Gloucester’s attempt at suicide in theological terms
describing it as a temptation by a fiend, a diabolical creature. Latet
on, he twice begs his father to pray (IV. vi. 217, V. ii. 2). More
over, we perceive that the first accusation he directs against hit
brother, Edmund, is that he i3 «False» to his «gods» ; and in hi
view both Edmund and Gloucester have been treated by gods whe
are implacably absolute in their justice. '

The gods are just, and of our pleasant vices
Make instruments to plague us ;

The dark and vicious place where thee he got
Cost him his eyes. (V. iii, 169).

Edmund accepts his brother’s verdict but he interprets it in paga’
terms describing it simply as the last turn of Fortune’s wheel.

The second of the group approximating to Cordelia’s standard o
goodness is Kent ; his attitude is constant and undeveloping. Of th
three «good» characters, it is he who possesses most a prowerfui sense ¢
divine benevolence and whose actions seem to point out an inevitabl
feeling of a controlling world-order. He calls upon the gods t
receive Cordelia into their «dear chelter» ; he invokes <heaven’s ber
“ediction» and hopes that «The gods» would «reward» Gloucester
<kindness». His most powerful expression of religious faith is see
in his declaration of the existence of a divine order which is implic
in even the most dire and terrible of events :

It is the Stars,

The stars above us, govern our conditions ;
Flse one self mate and make could not beget,
Such different issues, (IV. iii. 33)

Kenl condemns the cruelty with which Goneril and Regan treat the,
father ; and he also regards Edmund’s treaiment of his fathe
Gloucester, as wicked- But he accepts this kind of cruelty as part ¢
the pattern of human life and does not rebel against the forces whi¢
have brought about such things to happen.

This same viewAlbany comes to accept in the end. This kind ¢
religious references he makes throughout the play show a change
attitude expressing a spiritual development (11) culminating in th
kind of acceptance. At the beginning of the play we perceif
Albany’'s weakness, a weakness which is stressed the more as it

(11) See L. Kirschbaum  «Albanyp, Shakespeare Survey, 13 (1958), 20-]
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t against Goneril's strength ; when King Lear curses Goneril, his
der daughter, Albany is appalled and cries, «Now, gods that we
ore, whereof comes this ? (Liv. 288). After this very little is seen
him until he rises to sudden prominence in act four. Shakespeare
liberately chooses not to present him at Gloucester’s blinding scene,
that his commitment, either to his evil wife or to her enemies,
yuld appear to be delayed until the time that he learns of the deed.

‘re he makes three important speeches : in the first he says ::
.

If that the heavens do not their visible spirits,
Send quickly down to tame these vile offences,
It will come,

Humanity must perforce prey on itself,

Like monsters of the deep. (IV. ii- 46)

the second, he lets out :

See thyself, devil !
Proper deformity shows not in the fiend
So horrid as in woman. (IV. ii. 59).

tally, he cries cut :

This shows you are above,
You justicers, that these our nether crimes,
So speedily can venge ! (IV, ii. 79).

re Albany’s utterances bear no doubtful meanings ; they are clear
i unambiguous, They express a faith that is as strong- as Kent’s
, display a hope that is even greater than that of Kent. IFor
:ireas Kent visualizes the force of life embodied «in starss that
vern our conditionss, Albany sees it in «visible spirits» sent down
heaven to «tame» our vile offences. We must also netice that in
antithesis he makes of heaven and hell, hell is shown as 2 chaos,
teakdown of order, where humanity will «perforce prey on itseX/
monsters of the deep». He is truthful and honest - encugh to see:
monstrosity in his own wife and to point out its significance by
pregnant epithet «devil», which is unusual in King Lear. Later on,
Act V, scene iii, he seems to accept the death of his wife Goneri},
her sister Regan, considering it as the just and fearful judgment
he gods ; he describes this punishment in strong terms calling it
is judgment of the heavens, that makes us tremble» (12). In this
*h he sees the workings of divine, absolute justice.

12) Act V. hl. 229.
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Hence both Kent and Albany express their firm belief in the
divine intervention of the gods and their power to punish the vile and
reward the good. This belief is even more deeply rooted in Edgar,
who is directly aware of this divine power of the gods. To him
these gods are neither harsh nor difficult to understand ; they are,
on the contrary, impartially «justs.

Indeed, the part played by Edgar is very important as it contri-
butes towards the total effect of the «divine background» of the play.
Hence, a discussion of the speeches Edgar makes when he is disguised
in the person of Poor Tom is invaluable, -

The role of Edgar as Poor Tom is perhaps unique in Shakespeare, This
uniqueness lies not so much in the use of disguise which is a common
Shakespearian dramatic device, but rather in the divorcing of the spee-
ches made by Edgar in his own person from those made by him when
disguised as Poor Tom. It is rare in Shakespeare for the speeches a
character makes when in disguise to have almost no relation to those he
utters in his own person. Yet that appears to be the case with Edgar.
To begin with, Poor Tom does not stand for a single unified figure; he
signifies or represents three different symbols of spiritual poverty,
each is distinguished by a different type of language This language,
however, which is clearly and obsessively religious in nature, is taken
from a book, published only a2 few years before King Lear was first
acted, in 1603 (13). This book is called A Declaration of Egregious
Popish I'mpostures and is wriften by Samuel Harsnett, an anti-Catholic
priest. It relates the story of a false exorcism performed on a number
of household servants by a Catholie preacher, who, the writer said, had
forced the young men to confess untruothfully to being passessed by the
devil. This, Harsnett claims, has been administered through sheer fear.
That Shakespeare should have resorted to the use of such a recent book
as a source for his play, must have created in the Elizabethan audience
a strange effect. It must have seemed to them like «a timeless
parables» (14), whose views certainly seemed to apply directly to them.

Poor Tom, as mentioned before, combines in himself the signifi-
ance of three different aspects of poverty.  The first of thcse is the
outer poverty. He is the emblem of the Elizabethan Bedlam beggar

(13) See K. Muir’ «Samuel Harspett and King Lears, R.E.S. New Seres IX (1951),.

11-21.
(14) The maln plot and chearacters beleag to centurles of old folk-lore traditiom.
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whose outward appearance and aspect Edgar has simulated. Here he
is seen as a victim of the savagery of mature, a prey of the evil that
reveals its effect in the shape of devils like Flibbertigibbet, who «begins
at curfew, and walks till the first cock; he gives the web and the pin,
squinies the eye, and makes the hare-lip; mildews the white wheat and
hurts the poor creature of earth.» (25) Poor Tom is the victim of such a
devil. He alludes here to such physical deformity as would perhaps
have been the cause of making great numbers of the beggars the outcasts
that they were, in a community that thought the physical condition was
2 symbol of the spiritual. Hence, it follows that their fiend would be a

creature who distorted their physical constitution and prevented them
from the source of healthy living.

The second aspect of Poor Tom is quite different.in many ways
from the first and can hardly be connected with it. It brings to mind
the devilish hero in Harsnett’s book. He is the servant who painfully

- affects the manners and behaviour of a master, fastionable Elizabe-
than gentleman. As such he is a conventional object of ridicule to the
Elizabethans. Hence he is not a victim of evil but the symbol of evil
itself, the evil of «the superfluous and lust-dieted man». He enumera-
tes the bad deeds he has performed as one who «served the lust of my
mistress’ heart, and did the act of darkness with her ; swore as many
oaths as 1 spake words, and broke them in the sweet face of Heaven;
one that slept in the contriving of lust and wak’d to do its. He proudly
claims that he was «false of heart, light of ear, bloody of hands. (IIL
iv. 84). This kind of evil man that Tom here deseribes befits the chara-
cter of Edmund, Goneril and Regan. It is the charaeter which King
Lear himself denounces when he speaks about justice in Act IV. Scene

vi:
Behold yond simp’ring dame,

Whose face between her forks presages snow ;
That minces virtue and does shake the head
To hear of pleasure’s name ;
The fitchew nor the soiled horse goes to't
With a more riotous appetite.
Down from the waist they are Centaurs,
Though women all above : (11. 117 f1f).

The third aspect of Poor Tom is difficult to indentify for, unlike
the other two, it takes no definite form, but stands for the «unaceommo-

(15) Act II Sciv I11. 112 ff,
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dated» man. As in the first aspect, here Poor Tom ¢3 a beggar ; but
inlike the second he has been a servant. In other words, Poor Tom
nere truly symbolizes the «superfluouss upstart serving man. His
onsciousness of life seems to be utterly limited by his complete dep-
rivation of any possession, either physical or spirituai. Hence he is
iware of the forces that control life, only in so far as they join
12ands to persecute him. He ironically represents the concept of
Lear when he talks of man, man who lives on the filth of the earth, man
vhose life is «cheap as beasts», and who wears clothes «that very
logs disdained», who owes «the worm no silk, the beast no hide, the
sheep no wool, the cat no perfume.» Hence Poor Tom’s impact on
he final concept of King Lear’s «divine backgrounds is most striking ;
1is attitude has a dual effect : for while the concepts of contemporary
vitch-lore and diabolism which he sets forth belong to Christianity
n a particular phase, his notion of Man as a weak creature completely
.t the mercy of destructive and hostile forces is timeless. These two
listinctive attitudes seem to be, in a way, the outer extremes in the
‘ramework of the religious ideas in King Lear.

¥ ¥ R

Lear and Gloucester, however, are the two chief characters
ingled out as showing a noticeable development in their religious
ittitudes. As the play proceeds each begins to display an awareness
f the universe around him to such a degree that he comes to repent
f and to deliberately abandon the view he maintained at the beginn-
ng of the play. They are similar in many ways but whereas Lear
ittains full insight defining his attitude to the gods, Gloucester’s
nsight is only half consciously realized ; for he dies groping after
, truth that Lear comes to supersede.

Indeed, Lear’s basic view of the universe undergoes a violent
hange following each fresh catastrophe. At the beginning of the
lay, in the first and second acts, he swears by pagan gods and prays
o nature. We have him, at one time, for example, cursing «by the
acred radiance of the sun». But a shift is noticeable in the third
ict, where he connects thc heavens with the idea of justice. It is
10t until we reach Act V, however, that we come to realize the tremen-
lous development in his religious attitude and the extent of his newly
.cquired awareness of life and the universe around him. In the final
Act Lear feels himself {ruly <allied» with, rather than «opposeds to
he gods and the heavens.

Lear, none the less, is from the very beginning continually
onscious of the gods but his vision of them differs according
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to his state of mind and varies with his mood. When angry or
miserable, in need of physical strength or spiritual assistance, his
immediate reaction is to invoke the supernmatura). His first mention
of the supernatural is associated with a divine setting completely
unrelated to that which he evolves in the end. His first allusion to
the geds is in connection with his youngest daughter, Cordelia. He
swears by the gods to disown her :

For, by the sacred radiance of the sun,
The mysteries of Hecate and the night,
By all the operation of the orbs.

From whom we do exist and cease to be,
Here I disclaim all my paternal care,
Propinquity and property of blood,

And as a stranger to my heart and me
Hold thee from this for ever. (I. i. 108).

As is obvious, this curse is connected with the concept of a natural
order. But we must also remember that the curse of a daughter
may seem to the Elizabethans to be a most unnatural thing. Lear is
swearing by the natural and social order to disown or cast off a
daughter : 2 most unnatural procedure. And here lies the paradox
which is at the heart of the play and which appears continually in
Lear’s chief utterances on justice. The powers Lear calls up in this
curse are referred o as superratural forces, manifested in the my-
sterious workings of nature. Taking the form of planetary influence
they do not delibarately set themselves against human kind but stand
aloof. Yet these forces control man’s birth and death and reaffirm
the curgses of a man against his fellow men. To LEAR they appar-
ently have as yet no other role to play- Indeed, 21l Lis first allusions
to the supernatural take the shape of curses. For example, in Act I,
scene iv, we have a terrifying curse directed against Goneril, remind-
ing us of the earlier curse on Cordelia. Here he invokes Nature to
econvey sterility» on his ungrateful daughter :

Hear, Nature, hear ; dear Goddess, hear.
Suspend thy purpose, if thou didst intend
To make this creature fruitful !

Into her womb comvey sterility !

Dry up in her the organs of increase,
And from her derogate body never spring
A babe to honour her ! (I. iv. 274) (16).

(16) Besides such vlolent curses we also meet with little oaths like—aNow, by
Apollo», or aBy Jupiters, aDarkness and devilsy.
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Lear’s curse here teems with contradictory meanings and is characteri-
zed by irony- At the beginning of the curse he reminds us of
Edmund’s words when he invokes nature to support and assist him
in accomplishing an unnatural deed, that of proceeding to cheat his
own father, whereby he says : «Thou, Nature art my goddess; ;to
thy law/ My services are bound» (I. ii. 1). But whereas to Edmund
the word «goodess» suggests merely an abstract idea or a symbol, to
Lear it is a deity, ironically a female, Lear’s «goddess», the powerful
supernatural force which brings about fertility, is called upon to bring
about sterility on his daughter ; she is in charge of the earth and its
fertility. Lear curses Goneril once more ; yet before doing so he
invokes «sweet heavenss to protect him from madness : «O let me
not be mad, not mad, sweet heavens ; / Keep me in temper ; I would
not be mad» (I v. 42). Here we detect a note of humility and pain
This pathetic prayer, however, is soon followed up by a passionate
curse again directed against Goneril. Lear invokes Nature or the
Natural powers to blast and destroy Goneril’s youth and beauty and
infect her eyes with blindness :

You nimble lightnings, dart your blinding flames
Into her scornful eyes ! Infect her beauty,

You fen-suck’d fogs, drawn by the pow'rful sun,
To fali and blister her ! (I1. iv. 168).

But when Lear is defeated in his purpoze and the blind forces of
nature refuse to grant him his wish and circumstances begin to get
worse for him, he becomes subdued and appeals for divine help and
assistance ; he eries out pathetically :

O heavens,
If you do love old men, if your sweet sway,
Allow obedience, if you yourselves are old,
Make it your cause ; send down and take my part !
(II. iv.- 188)

There is an unmistakable change of attitude here ; the saupernatural
forces that he invokes in his former violent attack on Goneril are
blind and destructive forces, whereas the powers he calls upon now
(in the above context) are visualized in a different light : they are
characterized by pity, compassion and «sween sway« ; ttey suceumb to a
well-disciplined order, But there still is a link hetween the two
attitudes ; for the powers Lear iuvokes in both cases sesm to be on
his side. He even suggests that he has authority over them. He
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declares that he does not intend to curse Goneril once more ; but im-
plies that he could, if he wished to, cause her harm and that such
powers are obedient to him :

But I'lt not chide thee :
Let shame come when it will, I do not call it ;
I do not bid the thunder-bearer shoot,
Nor tell tales of thee to high-judging Jove.
(IL iv. 223)

At a later crucial stage, when he undergoes severe suffering at the
hands of his second daughter, from whom he expects a greater kind-
ness, he relinquishes this arrogant attitude and moves toward a greater
humility. When faced with the same filial ingratitude and cruelty
at the hands of Regan, Lear does not resort to violent curses as he
would have done before, but begs «the heavens» for patience and
strength (17) to bear up with his tribulations :

You Heavens, give me that patience, patience I need !

You see me here, you Gods, a poor old man,

As full of grief as age ; wretched in both.

If it be you that stir these daughters’ hearts,

Against their father, fool me not so much

To bear it tamely. (I1. iv- 269)

These words indicate a noticeable development in Lear’s general
attitude ; he for the first time in the play, admits of his lowliness and
incapacity to command the gods. He even concedes that these gods
are in full control over him, and that they can if they choose, oppose
and work against him. This significantly happens just before he loz
his reason. (18) When he after that associates himself with the Supé.
natural forces, he does so in a very different mood.

It is significant that before Lear becomes mad, nature also loses
its harmony. Kent declares that the raging violence of the storm
and «the wrathful skies» are unprecedented : «man’s nature cannot
carry/ Th’ affliction nor the fear» (IIL ii. 43). The gods are deli-
berately manifesting their power in this double chaos. That Lear
is conscious of this cannot be doubted ; for the «natures images he
uses anticipate that double chaos in nature and in man. It is also

(17) He dose not as formerly demand justice or assistence but craves for the capacity
«t0 bear it tamelyn.

{18) Here we are reminded of K. Muirs double paradox cof reason In madress =nd
madness in reason»®  Sce K. Muir, Introduction tq the Arden Edition of Hing Lear, 1972, I+,
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clear in the religious terminology with which he comes increasingly
to give vent to his ideas. The problem of divine justice seems fo rule
his thoughts and occupy his mind in his later moments of sanity ;
hence he visualizes the storm as an expression of the wrath of the
gods against those who try to dicobey their commands or defy their
holy orders :

Let the great Gods, .
That keep dreadful pudder e’er our heads, .
Find out their enemies now. Tremkle, thou wreteh,

That hast within thee undivulged crimes,
Unwhipp’'d of Justice; hide thee, thou bloody hand,
Thou perjur’d, and thou simular of virtue.

That art incestuous ...... I am a man

More sinn’d against than sinning. (III. ii. 49)

Lear recognizes in the Bedlam beggar a living example of the poverty
he has been pitying and he identifies that «poor, bare, forked animals
with himself. Stripped of his pride, stripped of everything except
the bare necessities, «man’s life is cheap as beast’s.» Hence Lear
becomes aware of the common humanity he shares with the poor,
miserable wretches. He exhorts pomp to «shake the auperflux to
hems ; and as Gloucester, he preaches equality on earth to show the
wbsolute justice of the heavens :

Take physic, Pomp ;
Expose thyself to feel what wretches feel,
That thou mayst shake the superflux to them,
And show the Heavena more just. (IIL iv, 33)

But he also visualizes in Poor Tom the image of his own cause;
thus he most dramatically moves from the general to the particular
and his conception of the supernatural concentrates on the local rather
than the universal. For secing Poor Tom, he asks, <What, have his
daughters brought him to this pass ?s. (III. iv- 62) Also a little
later, Tom’s distracted words about foul fiends that bite his back
xcite in his mind an image of his cruel daughters Goneril and Regan
eing punished for their evil in a typically Elizabethan hell : «To have

thousand with red burning spits/Come hissing in upon’em-» (IIL.
i. 15), In short, his mind becomes obsessed with this one idea and
3 his insanity grows more marked, his apeeches also, like the mad
Jom, become increasingly expressive of the concept of hell as expound-
ed by Harsnett, exposed by Shakespeare and shared by theElizabethan
atudience. Lear condemns sex partly because, like the popular mor-
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alists of the time, he sees in women the cause of his predicament :
sexual desire is to blame for the birth of unnatural children like his
ungrateful daughters ; and his thoughts are diverted from the par-
ticular case of himself and his daughters to the general condition of
womanhood- Generalizing he perceives in «woman» the embodiment
of hell :

Down from the waist they are Centaurs,

Though women all above :

But to the girdle do the Gods inherit,

Beneath is all the fiend’s : there’s lell, there’s darkmess,
There is the sulphurpus pit-burning, scalding,

Stench, consumption — (IV. vi. 123).

In this violent denunciatory harangue, we can detect the two ¢voices»
of Lear : the voice of the pagan-king and that of the Christian priest.
In one way Lear here is still the pagan sovereign who once invoked
the forces of mature to bring down woe on his daughter and who
beseeched Apollo to inflict vengeance on the wrong-doers. In another,
he is the Christian priest, who condemns sinners and wrong-doers
for committing that which deprives them of everlasting bliss, turning
them into beasts and monsters of the deep. In short, Lear here dwells
on the kind of «divine background» related tc human affairs which
the Elizabethan audience would have found most relevant and meaning-
ful.

It is not until 2 little later that we notice a development in Lear’s
attitude : that occurs when he meets with Cordelia, his third
daughter, and a reconciliation takes place. He for the first time becomes
aware of hell not as embodied in his two vicious older daughters but
in himself. This new attitude comes from his awareness of the true
character of Cordelia and his new perception of the relationship
between thém. This consciousness brings about a balance in his
character, a balance that is, no doubt, accompanied by a puinful pro-
cess: so that he is resurrected as a new man. It is then that we
hear him admitting the painful truth about himself and declaring,
the true worth of Cordelia :

Thou art a soul in bliss ; but I am bound
Upon a wheel of fire, that mine own tears
Do scald like molten lead. (IV. vii- 46)

The change is ummistakable ; he is now penitent and humbly admits
that the daughter he has cursed, banished, and described as «a wretch
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whom Nature is ashamed./ Almost t’acknowledge hers,» (19) has
now become to him «a soul in bliss,» and he is nothing but <a very
foolish fond old man.» (IV. vii. 60). His tears <«scald» him but
with Cordelia’s reunion new «blessed virtuess will arise out of the
earth. 'The feeling of penitence and repentance which have started
Jjust before his madness become, now that he is restored to sanity, an
experience as agonizing as that of passing through purgatory.. Yet
the tremendous suffering he has been through is far greater than what
he, in fact, deserves and the new life he finds after his absolution
does not lead to joy, but to greater suffering. In this complicate
picture we are conscious of two opposing concepts, running side by
side : the Christian and the non-Christinn. On the one hand, the
suffering that leads to bliss is a Christian e:ncept and Lear’s use of
words like «soul» and <blisss are quite appropiate here. On the
other, the image of the «wheel of fires is a symbol of endless agony
which is a non-Christian concept. As K. Muir remarks, the image
«expresses the suffering not only of Lear, but of man; and the suffer-
ing itself perhaps more important than- its causess (20) Hence the
suffering Lear bears seems to be not for his sins alene but for all
humanity. Nevertheless what this last spesch implies (21) is consistent
with the one that follows, although a huge spiritual progress occurs
in between the two speeches. After the reconcilation seene Lear says
to Cordelia :

Come, let’s away to prison ;
We two alone will sing like birds I’ the cage :
When thou dost ask me blessing, I’Il kneel down,
And ask of thee forgiveness : so we'll live,
And pray, and sing, and tell old tales, and laugh
At gilded butterflies, ......
And take upon’s the mystery of things.
As if we were God’s spies. (V. iii. 8).

Hence, Lear considers his imprisonment with Cordelia a new kind
of liberty, whereby he and his beloved daughter will «sing like birds
i’ the cages — we notice that the duality still persists. Lear visuaali-
zes a new kind of future with Cordelia, where they hoth will excise
2 new kind of freedom in the service of the gods, They wilt take

(18) Act L. L 211.

(20) See K. Muir, Introduction to the Arden Edition of King Lesr, 1972, IV,

(2I) 1 am referring to LEAR'S epeech which begins by eddressing his daughter
Tordelia a3 «a goul jn blissp {Act IV. vil. 46 - 4.
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upon them «the mystery of thingss, as if they were «God’s (22) spies»—
In other words, they will look down on earthly things in a detached
way and will no longer be part of them. At this point the develop-
ment of Lear's religious awareness is at its highest peak : his intense
suffering and immense injustices have disappeared gradually into the
vagueness of the long and ugly past. So it is not surprising to hear
him murmuring, as though to himself : «Your sisters/Have, as I do
remember, done me wrong, (23) as though he was remembering an
unpleasant dream. Even Edmund’s command to the officers and
soldiers to «Take them aways to prison, does not scem to affect the
eresurrected» Lear, who, unconscious of what is being said, goes on
hopefully :

Upon auch sacrifices, my Cordelia,
The gods themselves throw incense. (V. iii. 20).

Their reunion is so exhilarating that the old king visualizes it as a
divine act sanctifying him and Cordelia- We now see the close contact
between Lear and the comtrolling power of the gods. In his and
Cordelia’s renunciation of the world, he finds his succour and salvation.

Yet Lear’s quoted speech is all the more tragic and powerful
owing to the heart-rending irony of the situation which accompanies
it and follows close upon it. For we cannot help seeing that Lear's
wonderful dream can never be realized on earth. We do not even
need Edmund to remind us of the bitter irony. The painful self-
assurance with which Lear himself ends up his speech makes this
horrifying fact all the more powerful :

{22) This is the oniy time in the play where the singular form of ¢Godn occurs.
Kenne.th Muir, in his «Arden Shakespeare» edition (open University Set Books, 1972),
p. 188, uses aGods», explaining in the foot note that since «There is mo apostrophe in F
ar Qp, he follows Perrett «in assuming that Shakespeare intended the plural since he was
writing of a pagan woridn. On the other hand, J. Dover Wilson, in his New Cambridge
Edition of Lear (Introduction), comsiders this singular instance out of keeping with the
rest of the play, which in bis opinion is a pagan play. In his view this solitary Christian
reference shows eShakespeare's carelessnessp, No doubt, this instance is umsual, but
I believe it is unlikely that Shakespeare should commit such a gcarelesss mistake at
such a point in the play. If it means anything, it rather suggests Lear’s close link
with the controlling power of the heavens. Hence the reference seemsto me to embody
the dual extremities contained in the framework of the play. For even if Shakespeare
intended the word «God» to be in the singular, the reference of the whole, does not
constitute en orthodox Christian belief.

(23) Act, IV, vii. 72 ff.
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Have I caught thee 7
He that parts us shall bring a brand upon heaven,
And fire us hence like foxes. Wipe thine eyes.
(V. iii, 21).

Nevertheless, Cordelia dics and they are parted. The irony is all the
more poignant owing to Albany’s prayer for her (24), the very moment
that her father comes in carrying her dead body and howling with-
agony

Howl, howl, howl, howl | O, you are men of stones !

Had T your tongues and eyes, I’d use them so

That Heaven’s vault should erack. She’s gone for ever

(V. iii. 257)

The intensity of such agonizing and agonized cry gives a powarful
effect of the feeling of injustice which the old king experiences by
the death of his youngest child. Other instances of the same irony
of faie is scen in the case of Gloucester, (25) who dies through
FEidgar's «fault». This fault could have easily been evaded. Hence,
it appears that both Lear and Cordelia meet their end as a result of
Edmund’s undue delay. Another example of irony is seen in Kent,
who although true and loyal to the end, never receives due recognition
from his beloved master. The wicked characters all die (as Albany
rightly suggests), manifesting the <judgment of the heavens» in
action, whereas the forees which have controlled the lives and deaths
of Lear and Cordelia appear to function in a manner that is much
less wary and cautious, almost, indeed, as capricious and despotic as
Kent hints when he says near the end of the play that <If Fortune
brag of Two she lov’d and hated, / One of them we bzhold»
(V. iii. 279).

It is Kent, however, who makes one of the lasl religious refer-
ences in the play. When he sess the distracted Lear entering with
the dead body of Cordelia in his arms, he inquires with bitterness
and irony, «Is this the promised end ?» To which Edgar says, «Or
image of that horror 7» Albany adds, «Fall and cease». {28) These

(24) Albany says, «The god:s defend her, just before Lear re-enters with the corpse
In his arms.Albany’s prayer for Cordelia brings to mind other examples of frony o
the play : for example, Kent’s prayer for Gloucester, whereby he invokes the gods to
reward the old man’s kindness, uttered just before Gloucester becomes blind.

(25) Cf. In «Some Aspects of the Style of King Lear,p Shakespeare Survey, 13
(1858), p. 50, WM.T. Nowottny, claimsthat these instances are waimed at intensity
rather than the structure of an experience.»

(26) Act V. lii, 263 — 265,
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references remind us, perhaps, of Doomsday as prophesied by St.
Mark, in the New Testament, chapter xiii, verses 8 -13. Mark writes :

«Now the brother shall betray the brother to death, and the
father the son; and the children shall rise up against their
parents and cause them to be put to death. And ye shall
be hated of all men for my name’s sake ; but he that shall
endure unto the end, the same shall be saveds. 27).

This prophecy brings to mind Glaucester’s own words at the beginning
of the play, when he says ;

«These late eclipses in the sun and moon portend no goaod
to us : though the wisdon of Nature can reason it thus and
thus ... We have seen the best of our time : machinations,
hollowness, treachery, and all ruinous disorders follow us
disquietly to our graves-» (1. ii. 100 ff)

St. Mark however, ends his prophecy by predicting that those who
bear up patiently and endure to the end shall be «saved»>. And we
observe that the «goods characters in King Lear have endured, and
have accepted their fate. Albany, Kent and Edgar all have suffered
patiently, without complaint. They have never grumbled against the
injustices of the gods, or the heavens. They even have conformed to
the gods’ cruel order and authority and recognized the existence and
superiority of the «justicerss in the heavens, whereas Lear and Glouce-
ster were easily irritated by them ; they often complained and were
rebellious.

Yet like Lear, Gloucester develops in his awareness of the universe
to such an extent that he too comes to regret his former attitude and
willingly gives up the attitudes which he upheld at the beginning of
the play. However, Gloucester dies groping after a truth that Lear
comes to supersede. When we first meet with Gloucester, he is spiri-
tually overbearing, arrogant and presumptuous. His allusions to the
gods reveal a character that is oddly divided upon itself : for, while
his trust in the gods, in the belief that they support all his acions, is
so strong that he describes them as <Kind»; yet he is extremely
superstitious ; and his presumption is seen in his foolish pride of the
birth of his illegitimate son. Indeed, his spiritual blindness ard in-
capacity to see the truth remain unchanged till the third act, when
his physical blindness shakes his former confidence in himself,
Through this agonizing experience he, for the first time, comes to

(27) St. Mark, The New Testament, ch. xiii. 8 — 13.
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see the truth. He is tied up, insulted and cruelly treated in his own
house. His indignation reaches its climax when he is dragged into
the room where Regan and her followers are consulting ; but his reac-
tion to this unfair treatment is strangely toned down and qualified by
his instinctive use of the characteristic word <kind»

By the kind Gods, ’tis most ignobly done.
To pluck me by the beard. (III, vii, 85)

Nevertheless, Gloucester’s confidence in the Gods and his faith
in the existence of a higher justice are not yet completely disrupted ;
for he can still appeal to «The winged vengeance» to zovertake such
children» (IIl- vii. 64). The words of Gloucester, however, betray an
unmistakable feeling of bitterness ; it is a ery for vengeance against
those «cruel» children. (28) Hence his attitude reveals a shift of
orientation towards a harsher position. The word «wingeds jitself
has a pagan implication for it suggests retribution. But his agonizing
ery when Cornwall plucks out his eyes -—— «Give me help ! O cruel !
O you Gods ! ®9) — conveys suffering that is free from rebuke.
Moreover, when he is just informed of Edmund’s treacherous trick,
his faith in himself is badly shattered, but his confidence in the gods
still persists. His reaction to the bitter news of Edmund’s mean
treachery is somewhat unexpected : the sad truth seems to seber him ;
for his first thought is not for hismelf but for his wronged son, Edgar,
for he cries out :

O my follies ! Then Edgar was abus’d.
Kind Gods, forgive me that, and prosper him !
(ITI. vii. 89)

As we see, the word «kind» is here again evocative, and particularly
50 because Gloucester uses it for the first time with full awareness of
its implications.

After this incident, we notice an unmistakable development in
Gloucester’s attitude ; for he never regains his former self-confidence.
What is more, his self-assurance is transformed into a deep despair,
not only for himself but for the whole of humanity, who is represented
collectively as a pastime for the gods :

As flies to wanton boys, dre we to th’ Gods ;
They kill us for their sport. (IV. i. 36).

(28) Cf. gThe Epistle of Paul The Apostle to the Romansp, The New Testament,
ch. 12, verses 17 — 19.
(29) Act. II. fc. vii ; 1. 68.
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These are perhaps the most pessimistic words in the whole play, uttered
by Gloucester at his most vulnerable and wretched state, when he
meets the disguised Edgar on the heath. The gods that Gloucester
visualizes here are the more terrible in so far as they are considered
as beings who are deliberately spiteful and actively wanton and cruel
like children. They are not merely powérs endowed with impersonal
cruelty or malignity but they are forces which set themselves on pur-
pose to harm human beings. Ye! here it is essential to notice that
throughout this scene, whatever Gloucester says, must be qualified by
the irony of the situation. For the argument upon which he bases
his proposition is that his son, Edgar, has been lost to him for ever
through his own spiritual blindness. He now mourns because he
was unable to see the true worth of Edgar- But he is unable to per-
ceive that another blindness, this time physical, has prevented him
from seeing that the man to whom he is complaining is his own son
Edgar. Another ironical situation that is closely linked with that
one i3 when Gloucester deseribes Poor Tom as one «Whom the
heav'ns’ plagues/ Have humbled to all strokes.» (30). Here Gloucester
is unaware that these same words apply to his son, Edgar. The irony
here is that «the plague» that has <humbled» Edgar is in reality the
.gullibility of Gloucester himself.

Gloucester’s attitude to the heavens, even after his blinding, does
not change radically ; for he still considers the gods or the heavens
as the means by which order and justice can be achieved. He is
affected by the nakedness and wretchedness of Poor Tom in the same
way as Lear is by the Fool and he calls for equal distribution of wealth
among all men :

Heavens, deal so stil! !
Let the superfiuous and lust-dieted man,
That slaves your ordinance, that will not see
Becauge he does not feel, feel your power quickly,
So distribution should undo excess,
And each man have enough-  (IV. i. 65)

We see Gloucester painfully learning wisdom and rising in moral
-stature ; for he is now capable of hearing «The still sad music of
humanity, / Nor harsh, nor grating, though of ample power/ To
chasten and subdue.» (31) His disinterestedness helps him to sympa-

(30 IV.\ 63 — 64.
(31) From Wordsworth’s Tintern Abhey, Wordsworth’s Poestlcal Works, ed. E.
De Selincourt, Oxford, 1940 — 1949, Vol. il: p. 259,
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thize with the suffering of humanity symbolized in Poor Tom ; yet
he has no more hope in the possibility of divine help for himself. (82),

The bitter and wretched loud protest against the harshness of the
gods is rendered less sharp by the hopeless acceptance that follows
immediately :

O you mighty Gods !
This world I do renounce, and in your sights
Shake patiently my great affliction off ;
If T could bear it longer, and not fall
To quarrel with your great opposeless wills,
My snuff and loathed part of nature should
Burn itself out. (IV. vi. 34).

Feeling utterly despondent and defeated by the unconquerable omni-
potence of the gods he gives way to his wretchedness and prepares to
commit suicide. The seeming miracle (33) of his deliverance momen-
tarily renews his hope and he determines to put up with his worldly
«Affliction till it do ery out itself/ Enough, enough’ and die.s (3¢)

There is a relapse, however, when the wretched Gloucester meets with
the distracted Lcar in all his madness. The experience of that
«side-piercing sights shakes him to the core and he again begs the
gods, whom he now sigmificantly calls «ever-gentles, (35) to bring
about his death promptly before he again is tempted to kill himself.
And, when Edgar offers a hand to help him, he prays that the
«bounty and the beanison of Heavens, will be his lot ; but his own
feelings for himself are of a different kind, for he cries desperately :

The King is mad : how etiff is my vile sense
That T stand up, and have ingenious feeling

Of my huge sorrows ! Better I were distract

So should my thoughis be sever'd from my grief,
And woes by wrong imaginations lose

The knowledge of themselves. (IV. vi. 276).

(32) Giving to Poor Tom money, he significantly says :
aHere, take this purse, thou whom the heav'ns’ plagues
Have humbled to all strokes : that I am wretched
Malkes thee the happier ......... » AV. 1. 83),
(33) Act IV, vi. 65.
(34) Act IV, vi. 76.
(35) Act IV. vi. 214. The descriptlon tever-gentles suggests Gloucester's desire
to conciliate or win over the gods from hostility.
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An even greater feeling of despair is expressed later on when he hears
of the misfortune befalling King Lear and his daughter, Cordellia.
For when Edgar offers to lead him away to a safe place he ejaculates :

«No further, sir ; 2 man may rot even heres.
(V-ii, 8)
These sad and despairing words are nearly the last we hear from him
in the play. When we next hear of him, it is when Edgar gives us
the account of his death ; we are told that <his flaw’d heart, / Alack,
too weak the conflict to support’ / ’Twixt two extremes of passion,
Joy and grief, / Burst smilingly.» (38). .

Gloucester dies «smilingly», yet we feel that the calamity might
have been avoided had Edger revealed his true character to his father
earlier. Gloucester has met with a cruel and ruthless end, although
he, of all the other characters, is the one who persistently believed
in the benevolence of the gods. (37) Yet we must take into considera-
tion the fact that he prayed for death, that he was old, and that
death did not overake him except when his one wish, to be reunited
with his son Edgar, had been granted. Such considerations alone
are enough proof to refute his former premise that the world is
governed by forces oir gods like wanton boys, who kill us for their
sport. The force of this fact becomes even clearer when we realize
that it may even be that Gloucester is finally confirmed in his firm
belief that the gods are fair, and even «kinds ; for they granted his
wish, and he died «<smilingly-»

Thus the structure of King Lear Qoes not deny the existence of
a world-order governed by gods, who are not actively cruel or spiteful
as thoughtless children, yet it allows the innocent to suffer. The
suffering and the death of Cordelia, who i3 perfectly sgoods, is pro-
bably the most difficult of all to justify. Nevertheless, all the good
characters die in a spirit of acceptance. None rebels. True, Qswald
describes his death az <untimely» ; but the destiny of most of the
good characters though, at times, is accompanied by the sense of
irony (which is offen stressed rather than given a false lustre), leaves
no impression of this cuntimeliness» at their deaths, Perhaps the
comment which H.D-F. Kitto makes on Greek tragedy may be rele-
vant here ; he writes :

(36) Act V. Ui. 195,
(37) Except for one temporary loud protest agajust the Injustice of the gods, Glouces-
ter has been the strongest of ell the others in his faith in the goda.
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«In these plays, the innocent do suffer, and their suffering
is not 'revolting’ ; and the reason for this is that their suffer-
ing is seen fo be part of 2 world-order, which, though not.
always beneficent, is at least intelligible.y (38)

The permanent and persisting presence of this world-order, seen
in the characters’ continual consciousness of the gods and their in-
fluence on human life, has been noticed at every stage of the action
in King Lear. The terms Shakespeare uses to signify this world-view
varies : sometimes he takes it from pagan sources (which are found
in folk-lore) ; at others, he derives it from Christian theology ; but
mo3st of the time he uses more generalized sources. Hence, although
King Lear’s sdivine backgrounds does mot have thesame coherence
which characterizes Greek tragedy, nor (which is perhaps more sig-
nifieant), does it have the coherence of Shakespeare’s other tragedies
yet the play is religious rather than secular in the sense that its real
focus is not on the hero but on the <background of divine actions.
This background is constructed by repeated suggestions that the actions
of all the characters are to be in connection with an ordered system of
supernatural or divine activity, Attitudes towards the supernatural
divide the characters into extremes of good and evil Good characters
refer to the gods quite frequently ; they call upon them for assistance
and invoke them in prayer. Whereas bad characters rarely refer to
the gods and most of their allusicns betray a feeling or disrespect oxr
frivolity.  Religious aliusions establish Cordelia as a paragon of
goodness, and Albany, Kent and Edgar finally approach her belef
in a recognizable world-order. Lear as well as Gloucester show com-
plete change of attitude as the play develops : Gloucester from super-
stition to a deeply felt belief in divine justice, Lear’s from pagan
pride to sanectification. The fact that these characters could survive
and even come to accept without mueh resentment or rebellion the
cruel justice of the heavens is a vindication of a world-order which,
though not beneficent, is «intelligibles,

(38) H.D.F. Kitto, Ferm and Meaning in Drama, p. 236.
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