








Contents

Prime Geometric Subsfield
- Hom Nath Bhattarai ...

Coumtibus. in the Tangent ﬁmrlla“r_:(uh)-
- R.S, Mishra & J.P. Srivastava ...

The Skin Priction on Infinite Cylinders
Parallel to Their Lengths in Walters

Liquid B'

- R.P. Gupta & B.M, Gaur ...  ses ses een

On the Minimum of the (C,%\ ) Graph
of the Dispersion Curve

i 2“;_* éf’l\:'hl) thiﬂ:;—ﬁ .

- M,P, Sinha & S,R.P. Sinha.,. . wein

Life Table Estimation for Males &

Females of Nepal Based on Two

Successive Censuses

- Ganga Shrestha ..

An Invariance Property of the L AM. 8T,

for Testing the Hypothesis of no Second

GOrder Interaction in a Three-way

Contingency Table

= B.N. Nasnurr e sen e vew e A

On The Teaching of Mathematical Symbols
- George F. FPeaman ...  «es  ass  see ses

Glossary

65

73

719

86










i

ld.

¥ 15
of A.

53

2.2 Proposition: Let A\ be an ab%m eometry and let x € &,
tet (g =3e7, ) =%y (g, x 1, x )ca. x1 = x or ¥*, i = 1,2}
and by mﬂuctl%u let (x)y = fr (&, y1» ¥2) € A v ¥y € &p1} -
Then, <x> =T (x)

n*

Proof: Since <x> is a subgeometry, e ¢ x> so (&), & <x> .
Also, x,x " &{xy hence (‘)1 & <xp . Now, by :.ndﬂct:.on ), £ <>

for 2ll n, Thus ‘ﬁ' (::)_mf‘_'-. (x_)_ . ‘Therefore, it suffices to show

L b\
that nEe x), is a :sabgéﬁﬁiectf. Note that (x); £ (x); for i £j. Let
(x3, %2, ) €A , X%, X3 € g (“)n- Then, %1, X (:(x)m for some m.

S (8, X1, X)CA =58 ¢ {x)wlg u ). Thus UE,: (%), is a sub~
geomeLTY.

3.3 Proposition: Let A be an abelian geometry. Let X <A.

ter 8= %Zs} § <X, S is finite } Then <x> = UC{

Proof: It suffices to shnw that vE is a mlbgeomtl:

Lot (s, 51, X)) €4, x5, ) & UK -lec sy, k& <1

where St:x,'ra-x 5, T are finite, I:hen, &8 \.1‘} But SL T
is finite, so (SL‘T\ & K. Thus 2 &€ V3. Hence kugmasub-

gecmetry.
2.4, Lemma: Let A be abelian geometry. Then:

() €x1- (xyy 84y Ep)y (Ryy %y, Xg) € A == s3, t3¢ A
uch :Em. ](sl, sé. s%') %ti, to, '3} %s_w,. t3, X3)lg £X -

(ii) If s, 5; are mbgeametties. then “51 Ls,p = ga ach,
(a, 81, 89) ¢ & for some slé S1» 82 C SJ}

Fare (i) follows easily and (ii) ‘can be proved easily by using (i).

Let A be a geometric S$field, X< A, Let X deuocte the subgroup of
A% geserated by X* rogether with 0. Let (x| denote the smallest
gecmetric Sfield generated by K. The proof of the following lemma is
semilsr to 2.2,

2.8 Lemma: Lex X < A, Ba.= LL Ei‘ . 1_1'-. defined inductively
r TR TR S Thea, Lx “'ii‘

{4 Lesma: Let S— A, where & is a geometric Sfield. Then a8a ‘i 8
o &« AP ==h | ST K%K,

: Lex a . A%, We first show that if X< &, with aXa 1< X, then
B EE> alicx> . By (2.3), «X» = U§itr: OICX, T:.sfinit:ef
Bo we may essume X finite. Induct on |Xi, the aardmality of X. If
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“The Skin Friction on Infinite Cylinders Parallel to-
| Their Lengths in Walters Liqued B’ o

‘ R.P, Gupta & B.M. Gaur rad
zer
| In the present paper, we propose Co study the three dimensional
unidirectional motion of elastico-viscous Walters Liquid B' [4] gen- at
erated by the forced motion of an infinite cylinder parallel to its
length, It is supposed that the cylinder and the fluid are at rest
initially and the cylinder is given a velocity W, which remains steady (6)
“ thereafter.
With this choice the equation of motion assumes the form Cal
‘ raa e w2
v )b om0 g (o
@ gt T IT & r-r) T oter (rg_-;) for
|\ Lig
where ) and K: are viscous and elastic parameters, respectively and
w the velocity parallel to the generators of the cylinder. The equa-
tion (1) is to be solved under following boundary conditions
(a) w = o, everywhere in the fluid at t = o, T = a. and
(2)
(b) w =W, a constant on the boundary of the cylinder for all e
P <
As k: is a small quantity (cf. Beard & Walters [2]), we solve equa- 7)
tion (1) for small values of k; by substituting w = wg * k& w1 in it
: and neglecting squares of k3, thus we obtain,
; ./ ) T, W ela
) == JETSE AR T bt :
G) PR r F ¢ T ), o(T
' ' nan
oW A 3 mad L) for
& 2Rt = e Ty 2o r—=2
s .t r.f(_r) r_t\r(\r)' sig
' | The solution of equation (3) has been given by Batchelor [, Car:
\ utilising the analogy with the corresponding heat conduction problem i
discussed earlier by Carslaw and Jaeger [3]. Our aim is to investigate
the modifications by the elastic parameter. @)

The solution of equation (3) as given in Carslaw and Jaeger is

T2 Tl (ka) - I ()Y () g
U el e i i g S

G) v, =w+ 2l
o
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where r is the radial measure from the axis of cylinder, a is the
radius of the cylinder J, and Y, are the Bessels's functions of order
ZETO.

The solution of equation (4) under conditions wy = o everywhere
at t =oand wy =0 at r =&, t?o, is
e ]

Sk%“‘z"‘ zJoﬁm)!o(h) = Jo(ka) ¥, (kr)

Jo2(ka) + Y% (ka)

}"dk‘.

(6) Wy == )Wt

Calculation of Skin Friction

It is worth discussion of the elastic effect on the frictional
force on the unit area of the cylinder due to the forced motion of the
liquid, Contribution of viscous force calculated by Batchelor [1] is

Oy
c 01‘(1);[32) = 1_15 ( e-.-k?v':
U o J2(ka) + ¥,%(ka)

dk
-E—-l

and, the corresponding elastic frictional force on the unit area of
the cylinder is calculated here and comes to be

0

. o T k%t + 1)
@) ¢y e).2) = 2 we“l_gf‘g]-w‘- - dx.
BT N J £y et T2 | 5. 2(ka) + Yo2(ka)

o)

If we follow the analysis of Carslaw and Jaeger to calculate the
elastic part of the skin friction for emall values of time, a term of
0(T)~3/, will appear which shows that the elastic forces are the domi-
nant forces, therefore, in this case, that analysis is not applicable
for small times, since the perturbed elastic part should not be more
significant than the initial viscous part.

Now we will find the skin friction for large values of time,

Carrying out the analysis exactly as in [3], we find following expres—
sion for the skin friction on the unit area of the cylinder,

*
(8) € =Cy+ K Cps
where the viscous part C, as given by Batchelor is

1 ~ 2/
loght -~ 2 (logdT - 2H?

Co =21 + ]




bé

and the elastic part obtained here is
2y

8 -
G E S == L —_— " - + ol
L7 qiioger - 21 [.!.-.'éﬁ#f'-'- N (ogst - 207

Jowing table for C how the skin friction increases
on account of elasticity but the effe decreas ncreasing time.
- - . i

L 1.23160 . 1,39710 ,1,53160, 5

1) mad 1.13970, 1.27940 121822 Ly
1.04820 1.04964 1.07446
1.00580 1.01168 1.01750
1.00045 1.00090 1.00135
1,00013 1.00024 1.00041
1.00004 1.00007 1.00011

S 1.00002 1,00002 1,00006.

0 1.00000 1.00001 1.00001

=D 0~ o B =

Sincere thanks are due to br. §, vatta for his kind guidance dur—
ing prepa ration of this paper .
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.n me Mlmlmtm of the (C, )
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M.P, Siuha and S.R.P. Simha
N

Abstract . - __1_ N

aud its positﬁm relative r.o that for the liqni& cf inﬂnite deyt‘h hss
been indicated.

.'2f:. _ RTIT . 2°h .. n [ [nsiana
(o) ot BA + jm ifﬁ, ol sy o
where T denotes the ‘s e tension at ‘the free surface and pm den-

sity of the liquid. For a liquid of imifinite depth (i.e. h/p ——>w)
the abiove relation redueu‘m ﬁ‘hz simple som,

g
@) e* = CE-+ g'3@‘): i TS Rl ),

This amie case has been dimaﬁd in detail in the Lamb's Hydrodyna=
mics | 2, 3 267 |. It has ‘been found that the curve (Gy) has a single
extremum, ubich is a minimum, at A = 2°% -.}T?Fs and the minimum value

i | Because ot nd
of ¢ is (4gl/p) ause of th@;'uem h-»x- in the right hand side

the dispersion curve (C) may not have 2 minimum for every value of h.
However, in view of tihe fact that it has minimum for h -~ 0 , one my
hope cthat there is.a critical value of h, say N, such that (C

vimum whenever h  hg. We have found in this article t
as against J (37/2¢g) quoted in the Encyclopaedia of th
and 515 |in several connections w:t.tlinat simixtg m ‘detai
tm. |

tric ﬁbmu: the origin.

The (c 1)*- graph of" (03 igm"_‘. ut as we
: s we shall t:éﬁe :_t_- in the

interested in the pmi'?tmre value of ¢ and
pgsitivfe-quadram of the (e, ) = plm

i N Lk -

T
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From (1) we find that the curve (C) has asymptotes A= 0 and ¢ =Vgh.
Ancerdmgly, the curve (€) will have the following two possible graphs;

Ca, Ct \
SR \~ — Jo8 =%
e T 1 —A o A +A

In the first case the curve is asymptotic to c = J/gh from below, where-
as in the second from above. In the first possibility the curve will
attain an odd number of extremum values, whereas in the second it will
lumei:bzrnnextfmorhasnmmbauf them before being tan—
gent to ¢ = Jgh at infinity. We, therefore, infer that if (C) has a
single extremum it must be minimum, and also in this case, it will
cross the line c = Ygh to attain the mininum before proceeding to meet
it again asymptotically. If the curve (C) has either no extremum or
an even number of them, it does not cross c = Vgh.

We shall show in the following that (C) has a single extremum and it
crosses the line ¢ = gh if and only if h > i —g).
2. Condition for a single extremum of (C):

The curve can be written as

w' 2
cz =glx + ;—) thlx-! 5

gl b oo & 2 _
where % %&-nﬂla é

Since the physical quantities involved must be positive, we may discuss
the extremum value of c? instead of c. For an extremm value c” we
must have

2 e z‘_z.lf'ih(éh) 2 s 2z
x
Iti- is abvi.ous that an extreumum point shnutl.d satisfy the inequality
> a and is gnm by the transcedental equation

The above equation sem to be intractable for the quantitative deter—
mination of the roots. However, we may ook for their existence quali-
tatively by graphic methods.




67

The extremum points will be points of intersection of the two curves;

x2 L az
(4) y-xz—az e ST (Cl)
(5) y = sh(2h/x) / (2h/x) swe  aneaves KCad

We note that the curve (C;) is _symmetrical about the y-axis and has
asymptote y = 1, x = + a. Also, since

2 o 243
dr. gl e Lo ka? @yt
(x'=a”) dx

d - " ~
y and ﬁ decrease monotonically in the interval a <x <+2¢ ,

The curve (C3) is symnmetrical about the y-axis and wholly lies in the
upper half, y > 0, of the (x,y)-plane. Also, since

da?y _ w2, 2

2Zh Zh _ 2h :
= =—. ch = (th =2 - =) and = shi=—;
dZ ~ Zh % x x dx_?' 3 x
d
y decreases and ____ly increases in the interval 0 € x <+©2 .

Moreover (C,) is asymptotic to y = 1 and x = 0, From these, it will
not be difficult to infer that (Cy) and (C,) can have one of the fol-
lowing two modes of intersection:

y“ L

# Jr
¢\ \

+1 @n +

(a,1)

s ’x
o fi3 % o fig.4

The situation given in the Fig. 4 is ruled out if and only if the curve
(Cy) falls below the curve (Cy) for a big value of X, in which case
there will ‘be a single intersection point. For this we write the asymp—
totic expansions of (Cy) and (C3), for a great x, as follows:

(C) y-lq.iz-]._z.a_&.'. Srex e
< %




68.

() y=1+ @éw&-zq +
3x 15x°
?rm haxe:ae ngt; bhat_, for -a-ﬂgre.a-h“x,. y{cz} >y ‘cl)whenever h. = 3a .
Also for h® = 3a”, we easily find that Yen) <7 (ep) for a big value
of x.
Thus the curve (C) has a single extremum if and only if h > aVv3 i.e.
> % . DOn the basis of the analysis put forward in ﬁ 1, this ex—
tremun will be the minimum of One may verify once again by gra-
phic method that the curve (C) crosses its asymptote c =Vgh whenever
h>J{31/pg). In this case the curve (C) will have the following -
rough sketch,

3. Position of the curve (C) relative to that for a liquid of infinite
depth Ft P

~ Inorder to have a comparative picture it will be necessary to It then f

‘draw the curve (C) on the background of the curves

) a2 L
e = g+ P o ©)

e” = g.x_ ) b AT —— @;3)

where' (G;) is the dispersion-relation for periodic progressive waves
on a liguid of infinite depth under the combined effect of gravity and
surface tension; (Cy) and (G3) are the relation for purely gravity and
purely capillsry waves respectively. :
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The curve (Gy) has been drawn and discussed im detail in the
Lamb's Hydrodynamics [2, §267]. It is asymptotic to the ¢ axis and
has the minimm at x = a, and cyjp =\/7ag. Let us denote this point By
M. We also note that the curve '(G)) meets the curve (Cj) only at
(x = 0, c =®), where both the curves are asymptotic to the ¢ axis.It
therefore, evident that the curve (C) will always be below (Gy) lest
it will again intersect with (Gl) before being asymptotic to the Tine
¢ = ygh. The curves (Gy) and (G;) intersect at (x = a, ¢ = Vga). We
denote this point by A, We find that the line AM is parallel to the
c-axis. Let us denote the points of intersection of the line AM with
the curve (C) and the line ¢ =VEh by L and B respectively. We shall
show that the curve (C) is always above the line c = @5, whenver, it
has the minimum. in other words, the minimum value of ¢ is greater
than \ga. We have already noted in § 2 that the minimum point of the
curve (C) lies on the right hand side of the line AM. In order to
show that the curve (C) always lies above the line c = Vga, it will be
sufficient to prove that the line has no real intersection with the
curve (C). For this, we show that the equation

2
x + %— = a coth (h/x)

has no real root whenever h >a V3. For this we trace the curves

y = a coth (h/x) ... ... (A1)
2
- ac
and y—x+x 3 S (Az)
The curve (A;) is asymptotic to y = {(a/h)x and meets the y-axis at
y = a. Moreover, we find that
h >aVF =2 (a/h) <@/V3) <1.
Also h 7av3 === a cth (h/x) < a cth 3).
Moreover, since /3 = 1.73205 ... ... and th (1.73) = 0.93906 ... ,
we have 1 > th (/3) 7 0.93906.

It then follows that whenever h » a3, the y-coordinate of the point
of intersection of the curve (A;) with the ordinate through the lowest
point of (A,) is less than 1.0648 a, Thus the curve (A7) will never
meet (A,) as shown in the Figure below:-

Vi

is,
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Next towards tracing (C) on the background of (Gy), (G;) and (G3) we

find that L -~
h>a V3 ==>/gh > V3ag > Vag

and, therefore, the asymptote c =./gh of (C) cannot be below the point

A, the point of intersection of (Gj) and (G3). This, in fact, is ob—

vious since the lowest point of (Cg has been already shown to be above A.

In view of the fact that the curve (C) always remains between the curves
(61) and (G3), we may distinguish the three cases according as the point
B (intersection point of the lines ¢ =4Vgh and AM) lies below M (the
lowest point of (Gy)), at M or above M i.e. according as (i) aVvV3<h<2Za,
(ii) h = 2a and (iii) h  Za respectively. The minimum of (C) lies on
the right hand side of the line AM and is between A and B.

We now present below the curve-tracing of (C), (61), (63) and (G3)
roughly in the above three cases.

Ca U"‘] c T

~

| ——
O (3Tag <2/7e9) O (h=2V77€9) X g (h>2v77e9
$9.7 9.8 #9-9.

It is to be noted that the point L (the intersection point of the line
AM with the curve (C)) is below the point B (the point of intersection
of AM with the line ¢ = /gh) in the case (ii) and (iii) as shown in
the figures B8 and 9. But in the case (i) the point L may fall between
B and M or may even be at B. In fact, we can show that L will be above
B for, X, » W/a > V3 and will coincide with B for h/a = x,, where x,
denotes the positive real root of the equation, th x,= x/2. That the
equation th x,= X/2 has a positive real root x, such that V3 <x, <2
is evident from the following graph accompanied with some elementary
analysis;

From the abo
th
showing that

Thus we find
¥3 <h/a «:
point L will
very particu

Conclusion

We have
plane has a :
of the curve
than 3T/ pg.
depth of the
the eritical
value of hg C
p=0.998 gu/

It is now cle
periodic wave
will be two v
with Ap for
one of the va
A is the pos

x +

By graphic me

%, which is 1

The other roo

In the case ¢,
equation (C)
the surface t
%2) of the
gravity.

It is also in
wave approxim:
liquid of con:
surface tensic
in this case 1t
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From the above graph we mote that X, < 2. Also x >V3 for
thy3 >0.93906 ... >V3/2 (=0.86602 app.),
showing that V3 lies to the left of x,.

Thus we find that in Fig. 7, the point L is above b so long as

V3 <h/a <x, and L coincides with b if W/a = x,. For h/a >x, the
point L will remain always below B. The Fiy. 7 has been drawn in this
very particular case.

Conclusion

We have found sbove that the dispersion curve (C) in the (e, A )~
plane has a single minimum if and only if h > V3T/pg i.e. the minimum
of the curve existas if and only if the depth of the water is greater
thsn\!iT?pg. i.e, the minimum of the curve exists if and only if the
depth of the water is greater than V3T/pg. This depth is usually called
the critical depth for the existence of minimum and denoted by he. The
value of he 0.472 em. app. for water at 20°C, T = 72.8 dynes/cm,
p=0.998 gm/cm”® and g = 981 cm/ sec?,

It is now clear from the Fig. 5, that there will be no progressive
periodic wave for ¢ < e, the least value of ¢ in the graph (C). There
will be two values of A for each e in ¢y /gh, both of them coinciding
with A for ¢ = ¢y, Also we shall have only one finite for c =,/gh,
one of the values of becomes infinite and the finite A <Ag. This

"\ is the positive root of the equation

¥
x+ 2 cheth (Wx), &= 22K, a’ = T/ps).

By graphic method one can show that this equation has one finite root

% which is less or greater than a according as h > 22 or a J3 £ h<2a.

The other root x = is in the direction of the line y = X,

In the case ¢y £ ¢ <Vgh, the smaller of the roots (say Xq1) of the
equation (C) corresponds to waves which are prominently affected by
the surface tension. On the other hand, the greater of the roots (say

X2) of the equation (C) gives waves which are mainly caused by
gravity.

It is also interesting to note that the second order infinitesimal
wave approximation of progressive periodic waves on the surface of a
liquid of constant depth h under the combined effect of gravity and
surface tension is valid so long as h>\/3T/eg = b, [1, pp. 65971 ,
in this case the dispersion curve (C) will have the minimum point.

References

[1] Flugge, 5., Encyclopaedia of physics, Springer Verlag, Vol. IX,
Fluid Dynamics IIL, 1960.







Nep. Math. Sc. Rep.
Vol. &, No. 2 (1979), 73-78

Life Table Fstimation for Males and Females of
Nepal Based on T'wo Successive Censuses

v tanga Shrestha
Introduction

Life tables are mainly used to measure the level of mortality of
the population involved, The most important advantage of this method
for measuring mortality is that it does nof reflect the effects of the
age distribution of an actual population and do not require the adop-
tion of a standard population for acceptable comparisons of levels of
mortality in different populatioms.

This present paper deals with estimating mortality and comstruct—
ing,life tables for males and females of Nepal based on 1961 & 1971
census data. This is an indirect method of estimating mortality and
deriving the life table functions by using Logit Model system developed
by Brass [2] . Due to the lack of data regarding mortality and vital
registration data in Nepal it is not possible to use a direct method
for estimating mortality.

In the logit method system the relationship
Y (x) = A #+ (éf; (x)
is assumed to be linear.
Here o & [ are the constants and Ys(x) the logits taken from the
general standard life table and ¥(x) the logits of (1-1y), ly being

the survivors to exact age x, The survivors to exact age X being
then estimated by the equation

1 = =
122X
Un the basis of these 1, values the life table functions were computed.

Application

The childhood morrality was estimated from the data of World Ferti-
lity survey maternity history. The childhood mortality for the year
1961-1971 was estimated by taking the average of the estimate of 1961~
1966 and 1966-1971.

Intercensal childhood mortality from WFS maternity history, Nepal [61.

1961-1966 1966-1971 1961-1971
2% 2718 2250 L2479
3p 2754 L2489 .2621

5% .3090 L2742 .2916




From the estimate of 359, i.e.
ing by age 5, the probability
Then a typical life table characterized
ing was selected which in this case is the
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of childre

the probability of children at birth dy-
n serving by age 5 was computed.

by this probability of survive-

of the life table with the radise taken as one.

that is the number of children surviving between
from Brass one parameter model life table,

corresponding to the value of 1g (.7084).

Table No. 1

5 year age distribution of males & females of Nepal from 1961 & 1971

censuses & their 10 year survivorship ratios L4]

normal survivorship function
The value of sLg (3.49)
age 5 and 10 was taken
level 35, carrier & Hoberaft 3

Age Males 1 Females |
group 1961 971 Survi— 1961 1971 Survivor- :I
Census Census vorship Census Cenus ship ratio
ratios

04 661,822 790,598 = 680,467 843,512 -

5=9 688,870 885,801 - 670,960 857,452 =
10-14 564,869 703,023 1.062 498,795 594,192 .873
15-19 408,723 547,493  ,795 401,867 499,966 745
2024 366,436 466,022 825 424,904 503,653 1.010
25-29 387,061 456,297 1.116 428,974 473,990 1,179
30-34 336,486 385,696 1,053 372,602 425,705 1.002
35-39 298,423 386,381 ,998 287,860 358,407 .835
40-44 222,048 301,998 .898 250,297 307,463 825
45-49 194,107 245,521  .823 191,820 215,577 749
50-54 170,861 204,304 .920 186,375 = 196,530 . 785
55-59 113,405 132,983 .685 113,897 124,716 .650
60-64 103,176 138,441 .810 128,907 155,789 .836
65-69 51,443 71,427 .630 55,781 77,336 .626
70 & over| 68,303 101,218 .454 83,457 110,493 412

[l |

The last three numbers that is the number of
60-64, 65-69 & 70 & over of 1961 censis were
ber of males surviving in the age group 60 &

was divided by the number of males in the age group 70 & over in the
1971 census to obtain the last survivorship ratio. The same was done

in case of females,

The five year survivorship ratios from the ten year survivorship ratios

were computed by the relation

where x stands for any five year age group and x-1 for the one before it,

sPx = (0Px—q X 10Px41)%

The g, values for adult age groups were computed by the relation

persons in the age groups
cumulated to get the num-
over and this total value
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The starting value of glg was taken from Brass one parameter model
life table,

The survivals at exact age x,ly that is between age x & x+5 were

computed and the logits of 1—% denoted by ¥(x) were computed by the
relation

i = b
The computation of five year survivorships and their logits are pre-
sented in the following table:
Table No. 2

Intercensal survivorships for males & females from 1961 & 1971 censuses
& their logits.

Males Females
Exact - Y. ()
age Sx  5x A Y@ |sx s Ay Y& |2
e .9586 3.49 .698 -—.419| ,898 3.49 .698 -.419| -.571
12.5 .B998 3,345 .669 -.352| .9314 3.135 .627 -,.260| -.533
17.5 .9796 3.010 .602 -.207|1.0446 2.920 .584 ~-.170| -.489
22.5 1,042 2.950 .590 -.182[|1.0425 3.050 .610 =-.224| = 413;
27.5 1.0125 3.075 .615 -.234| .9564 3.180 , .636 -.279| —.348
32.5 .9730 3.110 .622 =-.249| .9110 3.040 .608 ~-.219| -.283
37.5 L9272 3.045 .605 =—.213| .8866 2.770 .554 -—.108| -.216§
42.5 .9328 2.805 .561 -,123| .8757 2.455 .491 018 | —. 146
47.5 .8910 2.620 .524 -—.048| .B452 2.150 .430 .141 | -.066
152.5 L8631 2.335 .467 ..066| .8586 1.820 .364 .Z79| .028
575 ,8452 2,015 .403 ..196| .8505 1.560 .312 .395| .143
62.5 .7313 1.700 .340 .332| .7126 1.325 .265 .510 . 287
67.5 & 1.245 ,249  .552 .945 ,189 .728| .470
ET )
Average -.038 067 .131
The values of X & were computed by solving the two linear equations,

the lst equation cons:.atmg the values of Y(x) and Ya(x) from the child-
hood age group given in the first row of table No. 2 and the other con-
sisting the averages of Y(x) and ¥ (x) in the latter age groups.

The equations for males are as follows:

-,038 = K - .131(‘5
-.419 = .- - .571 (5
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Solving these two we have £ = .075 & (‘= .866 similarly for females,
we have

067 =
= kig = o o

-

L131 .(?

STLR

Solving these two, we have == ,212 & '{Su 1.105.

the life table functions were computed for males and females and are

After computing the values of Y(x) for males & females by the
‘equation.

Y(x) = L+ (3'15(15) and then ly by the equation

12

1

presented in tables 3 & 4.

1e2100

";I.‘_a_ble No. 3

Abridged life table for males of Nepal

Azge [ Survivors|Proportion | Number | Persons | Persons Average
in at exact |dying dying living | living remaining
Iya._n:rs age x between between| between| in this life time
age X & age X &| age x & | age & o
xin n+n x+n subsequent x
Ix  |n% ndx al'x age Ty

0 100000 . 20561 20561 85607 | 4058245 40.58

EL 79439 10717 8513.4 | 300730 | 3972638 50.00

5 70926 02654 1882.3 | 349925 | 3671908 51.77
10 69044 .01954 1349.1 | 341847 | 3321983 48.11
15 67695 .03340 2261.0 | 332822 | 2980136 44,02
20 65434 .04400 2879.0 | 319972 | 2647314 40.45
25 62555 04464 2792.4 | 305795 | 2327342 37.20
30 59763 04602 2750.2 | 291940 | 2021547 33.82
35 57013 .05092 2903.1 | 277807 | 1729607 30.33
40 54110 05994 3216.2 | 262510 | 1451800 26.83
45 50894 07312 3721.3 | 245167 | 1189290 23.36
50 47173 .09489 5476.2 | 224675 | 944123 20.01
55 42697 .12336 5267.1 | 200317 | 719448 16.85
60 37430 17104 6402.0 | 171145 | 519131 13.86
65 31028 -22941 7118.1 | 137345 | 347986 11.21
70 23910 .32133 7683.0 | 100342 | 210641 8.80
75 16227 44014 7142.1 63280 | 110299 6.79
80 9085 .58305 5297.0 32182 47019 5.17

5 3788 .73496 2784.0 11980 14837 3.91
%0 1004 .86156 865.0 2857 2857 2.84
95. 139 = = = = =

e e R T e TR S VUUE N SALY T W )

P S

b il
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Table No. 4

Abridged life Table for females of Nepal

Age in| Survivors | Proportion | Number Persons| Persons Average
years | at exact |dying be- | dying living | living remaining
age x tween age | between | between| in this life time
I x & x+n age x & | age x &| age and o
ndi x+n xn subsequent e
ndx by age
Tx
0 LOO0QD .18362 18362 87140 3681681 36.81
1 81638 .12781 10434.1 | 305684 3594535 44,03
5 71204 .03370 2399.5 | 350022 3288851 46.18
10 68805 02567 1766.2 | 339610 2938829 42.71
155 67039 L04314 2892,0 | 327965 2599219 38.77
20 64147 .05840 3746.1 | 311370 2271254 35.40
25 60401 .06025 3639.1 | 292907 1959884 32.44
30 56762 .06300 3576.0 | 274870 1666977 29.36
35 531806 07047 3748.0 | 256560 1392107 26,17
40 49438 .08288 4097 .4 | 236947 1135547 22.96
45 45341 .10278 4660.1 | 215055 898600 19.81
50 40681 .13341 5427,2 | 189837 683545 16.80
55 35254 17315 6104.2 | 161010 493708 14.00
60 29150 .23716 6913.2 | 128467 332698 11.41
65 22237 31111 6918.1 | 9389 204231 9.18
70 15319 .41968 6429.0 | 60522 110341 7.20
75 8890 .54736 4866.0 | 32285 49819 5.60
80 4024 . 68664 2763.0 | 13212 17534 4.35
85 1261 .B2158 1036.0 3715 4322 3.42
90 225 . 92000 207.0 607 607 2.69
35 18 - = = - -

From the Demographic sample survey 1976 the expectation of life at birth
for males is 43.4 & for females is 41.1 each being higher than that
estimated in this case, These estimates seem to be quite reasonable
since in 1961-1971 the expectation of life should have been smaller than
that in 1976, because of some improvements in the medical facilities.

References
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An Invariance Property of the L. A. M. 8. T. for
Testing the Hypothesis of no Second Order Inter-
action in a Three-way Contingency Table

B.N. Nagnur

Summary

Based on the general theory of locally asymptotically mest stringent
test (L.A.M.S5.T., Bhat and Nagnur [4], Nagnur {m% proposed a new class

of tests for testing the hypothesis of no second order interaction in a
three-way contingency table. 1In this note, an invariance property of
this class of tests is estahlished The tests proposed by Goodman [5]
and the tests based on the min - %2 statistics do not possess the in-
variance property discussed in th:l.% note,

1. L.AM.S8.T. Statistic for Testing a Non-linear Hypothesis

Let p(x ; 8) be the probability density function of a random vari—
able X which is lnown except for the parameters § = (0,, 2r vaes ).
Suppose that we are interested in testing the hypothes}s Hy (Q) =0,
£=1,..., £ {r <s), where £, (8) is a function of 8. When the fl.mctinna
uﬁ.‘(g_) are linear in 8, the hypothesis H, can be stated ag H,; : H@ = 0,

ere H is an r x s matrix. Let Lj(x , denote the 1likelihood function
of n independent observations on X, -where %= (X1,..., X). Assuming that
that the rvank of the matrix H is r, the L.AM.5.T. eriterion for testing
Hy1 is given by Bhat and Nagnur [4].

A1) Zn =3y @vgmLy,
where
(1.2) 7'- a'vel g
olog L G 0)
@.3) é&i '__}‘,_ﬁ"__ S e

(1.4) ‘1:‘9_ = (%1..... @gs)‘

and _
&2 log Ln(x, ).

E( &01 ?ﬂﬂj ) =

@.s5)

2=

.‘!g"

We assume that Vg is positive definite and p(x; 8) satisfies certain
regularity conditions. When n is large, the test eriterion Z, has an
asymptotic %2 distribution with r degree of freedom (d.f) under H,;.

The L.A.M.S.T. ecriterion for tésting H, can be obtaianed using the
derivation similar to that of Z,. Magnur [6]. The derivacion needs
assumptions regarding I.-(8) which are used by Wald [9] in deriving a
test of H, based on thgruaximum l1ikelihood estimate of 8. The L.A.MLS5.T.
eriterion for testing Hy is given by
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where
e R 1
L= Ve 2o
and

an  ay - ( c)_%;,;(o)) 3= Lyein Ts

ael’] j -1,-... n.

When n is large, the criterion Zi has an asymptotic ‘fz distribution
with r d.f, under Hj, .Z; may involve @4 and to carry out rhe test,

we can substitute any root m consistent estimate of @y which is con—
gistent with H,. Nagnour [7] dealt with a hypothesis which in the form
of log-linear contrasts In the parameters of a multinomial distribution
and obtained the LAMST test criterion Zj.

2. L.A.M.S.T, Statistic as adapted to test the Hypothesis of mno Sec—~
ond Order Interaction

2 % 2 x 2 contingency table: Let 8; ik i,j,k = 1,2, be the proba~
bility that an observation will fall in ?:he i-th row, j-th column and
k~th layer of a three-way contingency table. We assume that @53k 70
and zeijk = 1. For a 2 X 2% i contingency table, the hypothesis of
no second order interaction is given by

“ L)
: A = AL yhere », oAl 22% k= 12,
Flo 1 " T T '

Goodman [5] considered two other forms of Hjg i.e., Hyg : log 4 = logAy
and Hag @ 114y = UAZ and obtained asymptotic®test criteria for
testing Hyg, Hyp and Hzp, The tests given by Goodman depend on the cell
frequencies i,e., the inrestricted maximum likelihood estimate of 8{ik.
These tests can also be obtained by using the general method of test;.ng
due to Wald [9]. The three test statistics for testing Hyg, Hpp and

Hyq are different, Nagnur {7] obtained a L.A.M.S.T. for testing Hyp.

We, now, derive a L.AM.S.T, for testing the hypothesis Hyo: £(2)

= £(&5,), vhere f is a single valued differentiable function of Ay and
show that the test is independent of f.

Let i be the observed frequency of the ijk-th cell and n 'Enijk'
The 1ikelihood function of inijk} is

2 N4k
(2.1) Lﬂ (‘R". g_) = ponst. i oi k *
9,0kl 3

where x = (n.'l.ll, My91s w+es 11222). 4= [@ul, 0221. ey 0222).

Substity
we have

(2.2)

and

(2.3) v,

The inw

(2.4) V

Also, s
we get

(2.5)

where £

Using

(2.6)

where
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Substituting for 8559 = -0t 8591 * een + 8517), from (2.1),
we have

n n
(2.2) %qk JMajk 222 g4k = 111,221,... 212

94k 8222
= F NS U, S
f11 9222 %2 9222
(2:3) VQ_- 1 - ~ 5
e |1 il = -

803 920 %212 G2
The inverse of Vg is

04,0 93300~ P %221 o0 T 8111 912

. . .u -

4) Tk =
2.4) Vg g e .

9212 911 - 85 912 - 9212(195))

Also, since Hygt b (@131, 95015+++» 8212) = £(A) - £(Ayr =0,
we get

(2.5) Hy' = (fﬁ-f&é&-], [.f_ﬁl-.f_&éz.],,_,(‘.f_z.b_g_)
9 8111 @2 821 G222 8712

o f
where £, = -ﬁ—k , k=12,

Using (2.2), (2.4) and (2.5), the test criterion Z reduces to

2
2.6) Zn - S o ol e
6 I T TEANTY, + 640,

where
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A i ; .
where aijkls are the estimates of eijk" which minimise
i3k (nijk - n eijk) h’ijk subject to u.:;o_‘ The statistic xl has an

asymptotic X° distribution with one degree of freedom, under Hyn. For
the purpose of computing Bijk’ we can use linearised form of by
Neyman [8] , which is given by

ne, .-
(3.4) 0 ¢ E L. log ng + S0 ik _ g
20 el 1k R v

The min - 1'.'1? estimates 313 k are obtained by minimising

(3.5) = 2 (nijk - ngijk)z fnijk + 2 h iz_fk lijk 10g uijk
J

ijk
FE 2k 1)
e 1y F2U(E 0,,.-1),
ek B3k “/-\ 1?& 1jk

where 2\ and Zn) are the Lagrangian multipliers. The estimating
equations for iik are given by

- (ni_‘]k - ngijk) fnijk + lijk f'n.ijk ‘{'/4 = 0,

l.e,,

(G-8) = (g, - nBygy) + 1y * Moggg =0 for all (1jk)

Since X 1ijk = 0, summing the equations in (3.6) for all (ifk), we
get,fq = 0. Therefore, ﬁm must satisfy the equation

(3¢7) nijk - ﬂ'aijk = )L'lijk

From (3.3) and (3.7), we have

2 2

Also, from (3.4) and (3.7), vwe have

ng
(3.9) =X L ke sy e =\ i/
T Mgk agk 10k T8 Mgk ER ijk
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From (3.2) and (3.9), we have

=3\ s 1/
A E'k /ny 5%

which is equal to X;’ .

Similarly we can establigh the equivalence of the two test sta-
tistics for testing Hyy and Hpz, Further we can extend the results to
other three-way contingency tables. A general result concerned with
the equality of the Wald test and the min --xi test statistics is
established for a two-way contingency table b Bhapkar [3].

The author is thankful to Prof. B.R. Bhat for his helpful suggestions.
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On The Teaching of Mathematical Symbols

George F. Feeman

During my tour of duty as a mathematics specialist in Nepal from
1975 to 1977, Dr. Prem Kasaju, Omkar Nath Pant, Achyut Man Pradhan,
Sushil Kumar Shrestha, and I conducted a research study on the use of
Devnagri and Hindu-Arabic mumerals in the Lower Secondary Schools, The
results of this study were reported in [3]. 1In general, it was found
that students experienced difficulties in utilizing the two sets of
symbols which are taught in their mathematics classes, Some of these
difficulties resulted from the likenesses of certain symbols in the two
sets. Others probably resulted from inadequate emphasis and reinforce-
ment in the teaching of them.

These symbolic or notational difficulties are not new. They have
existed in mathematics for many centuries, and no doubt will continue
to exist, In our present day, with the prevalence of computers, new
types of difficulties have arisen. Symbols are part of mathematics,
They help to construct it language in the written, representational
form. For this reason, mathematics is sometimes referred to as a sym-—
bolic system, It is important for teachers of mathematics to recognize
the problems which exist and, in their teaching, to combat them in a
satisfactory way. The purpose of this article is to discuss several
approaches which a teacher might use to strengthen his or her efforts
in this direction,

Let me begin by citing some special cases, so that the reader knows
precisely what I am talking shout, First, every teacher of mathematics
has encountered difficulties in the teaching of place value and lack of
understanding on the part of students,

What is the meaning of the "S" in "4, 2577"
What ig the name for 32,57,6497

And so on. This is one type of problem. In algebra classes, it is the
perennial problem of shifting from numbers to variables and algebraic
expressions — the meaning of x, the confusion of x with Ox (nothing is
in front of x, so it must be 0!), the confusion of 2x2 with (2x)2, and
the yalue of 5x for x = 7 being 57, rather than its real value of 5
times 7 or 35, These are typical difficulties which arise,

Second, there are disagreements over the use of symbols — when Eo
introduce them, how to introduce them, and how much usage to permit
for pedagogical soundness. For example, some teachers object to the
use of the symbols for greater than () and less than (<) in the primary
clagses. They feel that the symbols are confusing and meaningless,
while the ideas themselves are intuitively clear, Whateyer problems
arise do so because of the symbols, mot because of the concepts. If
symbols must be used why not use GT and LT? The same arguments apply
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for other symbols, The trend to the "new mathematics" in the 1960's
brought with it an excessive use of symbols, Now we are experiencing
a retrenchment with a better balance in presentation and use of symbols.

Third, there is confusion over the use of multiple forms in the
minds of many teachers and students. Again it was the "new mathematics"
which brought about this development. Hordizontal forms, such as 37 +
24 = 7, with their sentence-like strurture became much more prevalent.
As a result, arguments arose on the respective teaching of these versus
rhe more traditional vertical forms, as typified in

27
£ 24

Are the bar " _" in the second and the "=" in the first the same or not?
How should these forms be taught conceptually? Siace children have no
prior knowledge of the use of mathematical symbols, it is up to the
teschers to decide the answers to these questions. Some teachers be-
lieve distinctions should be emphasized, others feel that it is not im-

portant.

Fourth, the computer has brought with 1t new problems and new
needs for explicit coding, For example, what does 124#12 x 24 + 6
equal? By the BODMAS rule, which is commonly taught in the Nepalese
curriculum, the answer is 60. However, some caleulators are programmed
to do the operations in the order in which they appear. In this case
the answer is 96. What are we to teach the children? should we conti-
nue to teach a BODMAS type rule, or should we discuss different alter—
natives? These questions are difficult to answer. There may be no
universal answers since practices change. As with other things, mathe-
matical symbols evolve over the years, What is an answer in one year
may not be the same the mext year.

Thege examples show the nature of the problems, Let us discuss
several things teachers can do to teach mathematical symbolism more
effectively.

Symbols, forms, and meanings are the operative parameters. As
any reading or language teacher knows, all three must be dealt with
for the children to gain proper understanding. In mathematics, the
situation is compounded because teachers and children alike must con-
tend with multiple forms, multiple symbols, and multiple meanings.
Positions of symbols need not be fixed because of commutative and asso-
ciative laws which prevail. Teachers must continually discuss and em-
phasize the ideas and concepts, the objects or models which represent
them, the words and vocabulary which name them and which ease oral
and written communication, and the symbols which help to shorten presenta-
tions and reveal structure,

What are symbols? Three characteristics are usually given for a
symbol to be valid, They are:
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(1) A symbol must be representative, It is an event which stands for
another event, For example, "let x be ... " is a common pccur—
rence in algebra. l

(2) A symbol must be freely created. That is, the choice is somewhat
arbitrary. There is no reason why any symbol need stand for any
partieular event, For example, x + 2= 5and £ + 2= 5 are the
same sentence., 'The use of the x or the t is arbitrary. Any letter
will do.

(3) A symbol must be transmitted by culture. That is, symbols are
taught and learned and then passed down.

As teachers introduce symbols, they must convey to the students

the idea that symbols are vehicles for the conception of objects. They

are tot the objects. To perceive a thing is not the same thing as being

aware of its presence. For example, how often do students "see" symbols,

but Hot "perceive" them? The symbolg are seen but it is as if they are

not there in any substantive wey, as perhaps specks of dirt on the page.

Thus the perception of a symbol is a great deal more than the seeing of

it. As teachers of mathematins, we must assist students in developing

the ability to perceive symbols, to understand them, and to have feel-

ing for them. = :

What 1% a symwbolic system? Usually four characteristics are given.
They are:

(1) Symbols must have the ability to be applied to 2 variety of situa-
tions, For example, the symbol "2" stands for "twoness” and re-
presents any set of [wo objects. It can be applied to a variety
of situations.

(2) Mathematical symbols do not stand alone but are organized into
systems which are governed by explicit laws and rules,

(3) fThese rules provide this particular system with the ability to
generate increasingly more general and more powerful statements.
‘They also define statements which are permissible within a system.
(Fraquently it is this accumulation of generality and power, along
with grester precision, which confound our students),

In short, the First three conditions say that there is a vocabulary
and a set of combinatorial rules which allow one to gperate on. the
vocabulary elements.

(4) There is the property of multiple expression, This property makes
it possible 'to construct a dictionary and to tranmslate from one
form to another as well as from one symbolic system to another,
onee. the rules of translation are known, !
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If one views mathematics as a symbolic system, along with language,
and other disciplines, then the discussions in the various disciplines
are not distinct. All talk about the same thing - vocabulary, syntax,
and the property of multiple expression. These things are tratsmitted
by culture; they are taught and learned. Clearly the issues involved
ere both cultural and pedagogical. The specific symbolic activities
are affected by the educatjonal system and by individual learning. No
child is ever born with a knowledge of his/har society's particular
symbols. That must always be kept in mind,

As teachers we cannot ignore these facts. The difficulties will
not go away by wishing., Teachers of mathematics must regard themselves
as teachers of symbolic systems, as teachers of language, If they fail
to do this, the difficulties will simply continue, unresplved. If they
do it, then the level of mathematical literacy can be raised substan-
tially,

Let us look at the practical side, To say that teachers must do
4 certain thing is one thing. To deal with the practicalities is an-
other, There are no easy answers, Awareness of the problem must come
first. Repetition and reinforcement are vital.

_ Some examples of strategies which can be used to help children
read mathematics include vocabulary exercises, given gingly or in match
ing form,classification exercises to show relationships among such
things as geometric notiens, algebraic notions, arithmetic notions,

and combinatfons of these, as well ag exercises on definitions, Some
of these ideas have already been incorporated in booklets prepared by
tlie sathematics specialists at the CDC~HMG for use in Primary and Lower
Secondary level workshops. They should be incorporated into the curri-
culum materials themselves to get wider exposure,

To determine the magnitude of the problem locally, eone might engage
it a research project of the following sort. Make a list of mathemati-
cal symbols which are commonly taught in the currfculum through Class 7,
Claggify them as to whether students are to hdve masterad them or simply
been exposed to them. Choose only those in the "mastery" category. Now
test the students of Class 7 to see what percent actually have mastered
them. Which symbols are known by 90% of the students, which by 80-90%Z,

which by 70-80%, and so on? Which symbols, are known to less than 50%

of the students? The results will probably he surprising. The magni- g
tude of the problem will become apparent. Surely this has some hearing
ofi the performance of students on Lower Secondary examinations,
Some American educators did this type of experiment in some Ameri—
can: schools i grades 7 and 8. Their results are reported in [2], Here
is a summary of them,
90-100% f{sﬁlﬂiarity: + —n X, 8, &, X, ¢
80-90% familiaricy : sV, II, " a5 4n g‘, " "as in + 2, ¢
as in 42
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70-80% familiarity: *as in +5, . as' in 2,46, x, ° as in 907, =, >

60-70% familiarity: ~ as in 4, , " for inches, #, 3 as in x3

Symbols such as
Av{}l'(}i"’aﬂt-*tnsuvrs-*:"sﬁp\/—o
I]lZ*atlllcigsejtl v.-)E

and others were known by less than 50% of the students tested, HNotice
that all geometry symbols were in this category.

What would the situation be among Nepalese children? Of course,.
the symbols would be different since Rs. and p. would replace § and ¢,
respectively, while the Devnagri numerals would replace the Hindu-
Arabic numer=ls. But would the results differ? Certeinly this would
be ugeful information for any teacher to have. Once it is available,
appropriate corrective measures can be taken.

Studies such as this show that tearhers must work harder to teach
symbole, their meanings, and their relationships. By viewing mathema-
tics as the symbolic system which it is and by understanding the nature
and characteristics of such a system, teachers can help themselves to
do a better job., Many of the problems will be placed in a proper con-
text. Many of them can then be solved. For example, story or word
problems have caused difficulties for all teachers., In the context we
are discussing they can then be viewed as problems in which s student
must transfer from one system to another. The recognition of this alone
may help to lead to solutions of the pedagogical issues imvolved,

Next, we should mention the need for a consistent vocabulary of
mathematical (and scientific) teminplogy. With the required use of
Nepali language in the classrooms came to need for vocabulary. Pre-
viously, English terms were most often used, The editors of this jour—
nal have chosen to use it as a vehicle for the development of such a
vocabulary. That dis a commendable thing indeed. As it is completed
and put into practice in the preparation of curriculum materials, the
entire mathematics programme should be enhanced.

Finally, let us comment on the history of mathematical symbolism,
We have remarked several times that children have no previous kmowledge
of symbols and their uses. These are things which are acquired, Know-
ledge of the history of mathematical notatfon can be invaluable to the
teaching of the subject of mathematics. For this, ome should consult
the definitive and excellent works of Florian Cajori cited in [1].
His study comstitutes a mirror of past and present conditions in mathe-
matics which bear on-our present notatiomal problems. Knowledge of
the successes and failures of the past can contribute to the solution
of the problems of today.

[1]

(2]
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Think how vital a classroom situation would become were a teacher
familiar with

~ the struggles involved in the evolution of the numerals to obtain
the forms we now use, and how the computer threatens these once
again,

- the struggles involved in the development of the decimal system
of numeration, through the Babylonians, Phoenicians, Hebrews,
Greeks, Arabs, Romans, Hindus, and others, and now the pregeat
trend toward internationalization of the metric system.

= the development of the operational signs + and - and their ulti-
. mate finalization in the latter part of the 15th century A.D,
in Germany, mot too many years ago!
L]
- the struggles for the development of other symbols such as the
"times" sign (x) in the 17th century, zero, and others at all
levels of difffculty.

Knowledge of these things and other of an historical nature could
breathe life into a classroom and would go a long way toward solving
some of the problems we have discussed. The greater one's perspective,
the better it is to achieve solutions to problems. What is needed are
a series of articles, perhaps joint ones by historians and mathemati-
cians, which would discuss the history of mathematics and symbols in
Nepal.

Some items are quite interesting., For example, Cajori mentions
that in 1951, there were nine different uses for the decimal point
(*). In particular, American and European uses are reversed. To an
American 2.5 means 2 x 5 = 10, while Z.5 means 2%6. To European, 2.5
means 2 x 5 = 10, and 2.5 means :.:f . Similarly, in America, "into"
connotes division, while in Wepal it refers to uultiplication. Cajori
also points out that over time mathematicians have been notably in-
efficient in development of notation and symbols. First, they can't
agree. Second, if they do agree, they don't adhere to the agreement.

Easy or quick solutions to symbolic and notational problems do
not exist. The approaches we've discussed may help, but not completely,
Nevertheless, they are worth a try. The more knowledgeable the teacher
is philosophically, historically, and practically, the more easily and
effectively can the students be taught, This 1s what we must all strive
for if the level of mathematical literacy is to be raised.
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[11 Cajori, Florian, A His_tog of Mathematical Notations, Volumes 1
and 2, Open Court Publishing Company, 1.

[2] EKane, Robert, Helping Children Read Mathemdtics, American Book
Company, 1974,
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GLOSSARY OF MATHEMATICAL TERMS
(Proposed)
©)

u Galactic JTHTH T'Fé:_q’ﬁ'lhfﬁmﬂéﬁﬂ Glisette fqaﬁ‘i
Calsxy STHTH TEEAT, TETH WUSH  Google (10 RO0 ) gy-gEr TUTH
Gallon TATOHA Grade FH, WL, T
alois field 7ATTET %14 Gradient FTH, WAUTAT
Galois group TATTAT ¥{¥

Game ¥ Graduation JRTEQF
Gamsa (Y STHT Gramue FTH
Gauche TeSTRRIAT, W9 Graph 7o, T T
Gauge HTYA "Fl Graphic T THTHA
Gauss T Graphical ¥gT T (3
? G, FEW T O Graphically Gr(T FHATH REFT
General FTHT=H Gravitation g@rﬂﬁﬂ“ﬁ'{

General equation WTHT=H HHTATUT Gravitaticnal ﬂwanq‘-uf‘r“-, e

Generalisation FTHT=ATHLVT Gravity TucH
Ceneralise gTH (= H(UT q'i' Gross @3, FHIT, T g9
Uenerality THT—=mIT Group JYE
Generate 8gT i, THHTTY, eqTes  Grouping {TEFTUT
Generating Tine THHH (W1, ICAT&H Gyration fa-in-f‘q, Y HUT
Geﬁarnl:fing func_t{dg P E T Gyrogcope E\UT”—@;:-!'-'
Generator Yori#, dTUIAD Gyrostat E‘U.‘f’{mi‘fiﬁ'
Geodesic T{'ﬁrfif‘rq, :{\q‘:}{'}fﬂ‘ﬁﬁ'ﬂ (1) |
Geodesy WU, g@ﬂfma Half §74T

! Geometry =aTTafr, WI ATOTH paruonic AAATET, FITHD
clide Fmwuy, THog waruonies FEATTRAT

B gt T e, RIS SERT e, RiTa auT ARTE S
Frul UL dae G EATT T ar 1







|l (1)
' Idenpotent YHETH
’ Tdentical §HEY, WG

Identically @ ¥50
Identity TRwT, T3
Ilogical T Taea, SSHH
mage fqrd, WA=

- Imaginary @I, FIEY A
Imbedding F=RET, J=IITHT
Immediate 'EI'E‘EFT?'S Seue T

| lmpact {9g

\ Inpinge ZFfAl @T
i mplicic JuPHfem, =i fem
1 Impressed JTTY THi

Improper 7 F¥d

Impulse JTE

Impulsive ST

Inaccurate TG, G

Incentre 4=, #=%

Inch ¥4

Inclined Fel, Fodil
Inclination Fprd, AT
Included WHTTA=E, GHTH T
Incomnensurable JTHA, ;]EFF{’PJ
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Tacmpressible JHHTEA
Inconsistent gTH=E4 T, HTH
Increasing q@, 'q‘iqu“-l

Incresment fE, Ffe

Indefinite ITITEER

Independent T, THTA
Indeterminate Jﬁmu iﬁﬁe‘z
Index HTTTSR

Indicator ﬂg':%aﬁi

Indirect IGUTUST, qIsT

Induction FTHHT

Inelastic yFcg T, Ivcar e
Inequality JFHET, T4

Inertia g feufies, WMTTedfed
'In'extmible..ﬂﬁﬁﬁ, STarT=4
Inference m

Infinite JTHd, =

Infinitesimal YEAUY, SFA—gH
Infinity JF=CIT, FTHEET
Inflation T TTH, T TAIFLUT
mitial §7%, ITTHE

Taner AT, 9L

Inseparable §TdT=d, JPU4FIUTTA
Instability AT=TT

Incommensurability T ET, ,ﬁq?.lﬂ']’l-ns’:alment TaredT

Incomplete JIUT, U

Instance 51—
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Instantaneous HQE‘TTU‘W. aTesTTon Inverse SR, Y
Iuteger'anﬁg(aw’ Earfgg'm'mveuﬂy sheTE; S T O

Integrability UHTFO14AT
Integrahlewﬁ'zﬁ‘q

Integral 'EU“I"EEQW, L)
Integrand T4 "I'ﬁ'-sef, THTEea
Integrate qHTFAA rr-i'
Integrating FHTHFIT, e T

Inversion g-ﬁﬁ-]-;ﬁ-eﬂ'u'[
Invertible mm

Invisible 5794

Involute wﬁ%‘a’ﬂ

Iavolution qTa% 0T, 8 N E
Irrational Fda, % 1904

Integration YHTHAT Irreducible ﬂ'@ﬂ_ﬂm
II Integrators T TROHBE Irresolvable mﬁa‘ .'RiqT'qu
: Intecest T4 Irreversible m-ra;fﬁf—" sfETE

Interior mﬂ, =y Irrotational 3‘3“3‘1‘11. ﬁTﬁ't"ﬁ

Internal ST=AT{H isecline ym=T TET t
: Internally JT=AT(FAT TaH Isogonal f‘;rﬁﬁﬁ.ﬁ T, W AT g

Interpolation THIYH, S ESEHE
Intersect WTA=g T

'| Interated JAEHT

Interation Wﬁ'ﬂ

Intersecting FTr=a

, Intersection Wiaw=ys, Ferd, g 1
\ Interval F=I(T0, J=I{
! mte TOTT ( ), ™

| Intrinsic TEIT

Intuitive JG=IERE, THAEDH, D

Inyariable ST, ey

Invariant =@ {119%, TH¥HT

Lsomorphic o4 v, HHEYT
Tsomoxr phiss JHETRIT, ﬂ;ﬁ«'&“ﬁT
Tsosceles ?F?'ﬁ;ﬁng, ;._-;:[f‘a—.gq
Isotropy gHTw=ear, WHfSEal
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