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INTRODUCTION

[o.0]
Let f(z) = hzofhzh be a power series, with algebraic coefficients, which satisfies

an algebraic differential equation. Popken’ proved a remarkable result that either fhb =0
or there exists a positive constant ¢ such-that-for-all-sufficiently large suffixes h,

| fpd=-exp ( —Gh(log h)z)

Mahler® provedva p-adic.analogue of this theorem in 1973. These results'have been found
usefal'in constructinga large class of transcendentally transcendental functions. The case of
lower boundithen seems to be settled. As for the case of upper bound, Mahler? proved in the
classical case that for fy, being complex numbers, there exist two positive constants Y1 and 123
such that forallh = 0, 1, ...

Ifh] < vy (h)2

The p-adic analogue of this last inequality does not seem to be explicitly established although
as mentioned in Sibuya and Sperber?, it is implicit in Mahler®, It is our objective here to
make explicit the proof of this p-adic analogue.

MATERIALS AND METHOf)S

The proof.follows very closely the line of Mahler®. Sibuya and Sperber in the
paper just eited giaye somewhat sharpened these results using'some heavy'machifery from
differential’egiations” We feel'that the following proofis.siipler,afid mérits-One’s attention.

RESULTS

Theorem. If

h
f = f
(2) hEO hZ

2. auv. An. 308 9., bdkE. o (k)



is a formal power series, with p-adic algebraic coefficients, which satisfies an algebraic differential
equation, then there exist two positive constants y, and 123 such that for allh =2 0,

Ithip < yl(h!)72 J
where | |, denotes the p-adi¢ivaluation so normalized that {plgns= 1/p .

In order-to make the 'whole proof-self<contained, we shall give a detailed proof,
parts of which are/reproduced from Mahler®.

Let K be an algebraic number field generated (over ®) by all coefficients of f. Let
K[ [z] ] be the ring of formal power series (in z) with coefficients in K. L&t f(z). satisfy. an
algebraic differential .equation

(1) F(®): = F(z f, f',8% ...y M) =0

By a lemma of Ritt and Gourin®, we may assume that this algebraic differential equation (1)
has rational coefficients. We further assume that (1) is an algebraic differential equation
which has lowest order m and which is of lowest degree in f(m) among all such algebraic dif-
ferential equations of this order m. Since factors of F not involving f(m) may be divided out,
without loss of generality, the polynemial F (z; wg, wy, ..., Wy,) may be assumed to be irre-
ducible. It is convenient to use the notation

; 2 .
Fu(z,wo,wl,...,wm) = a—w—“F(z,wo,wl,...,wm) (= 01,...,m

and

F(“)((w)) t= Fy(z;w,w’,...,w(m)) m = 0,4,./.0m)

where w may beny seriesin K [ [z] ]. The assumptions about F imply then that
@) PP #5m (Db, £™) 4 0
For F((w) ) depends,explicitly on w(m); therefore

Fm)((H) =0

would be a differential equation for f of loWer"erder;"or of the same order but of lower degree,
than the differential equation (1), contrary to the hypothesis.
The differential operator F((w)) can be written in the explicit form

(3 F(w) = (E) Pk) (@) wk) | wkn)

J. Natl. Res. Council Thailand, 1986, 18(2)



Here the summation

>

(k)
extends over all ordered system (k) = (k1, ko, ..., k) of integers for which
4) O0<ky<sm, ..., 0<Skny<sm ki<kp<...<kn OSSN,

where n is a fixed positive inteéger, and-the coefficients P(k) (z):are polynomials in ZZ[z]. The
integer N varies with(K), and there is ex@ctly ofi¢ iffiproper system with. N = 0 which will be
defined by (w). The eorresponding term P(w) (z)'in(3) hasno factors wand is a polynomial
in z alone.

We require an explicit expression for the derivatives

h
©®) FO(®) = (L) F(w) W 23, Y

of B((w) ) and shall obtain it by means of the following lemma.

Lemma. Let h>1 and N2 0 be any two integers, and let W0, Wis..., WN be N+ 1 arbitrary
serigs’in K[ [z] ]. Then

. WA A an)
d _ 0 1 N
(6) (d_z) (Wowi...wN) = h! - i g : .
Ags A1, - AN Ap! Al' )‘N'
where the summation extends over all ordered system of integers Ag, 1y, ..., AN such that
(1)) Apy20, Ay 20, ..., AN 2 0; Ap+tA+... 4 = h

Proof, . The assertion is evidently trie if h = 1; assume.it has already been established for

some order h'> 1. We show that it is then valid also for the order h+ 1 and hence is' true
for all orders h.

On.differentiating (6) once more,

Ay+1 A
(d)h+1(w B N W8\0) w](/v ) W&N)
D QW] - =W D= -
AOAI,...,ANV—O AQ! Ayl AN!
N w(()“()) W(1141) W&I‘N)
HOsH Lo - s BN V0 Ho! ! LN!
where the new summation extends over all ordered system of integers g, u{, .. ., uN for which

o 20, up 20, ..., uN20; pot+pup+...+puN = h+1

Now

N
h! X py, = (h+1!
v=0

3810 AN, 358 9., bdkE, o (k)



whence the assertion.

The lemma just proved will now be applied to all the separate terms
8) P(k) (2 wkD) | w(kN)
in the representation (3) of F((w)). It follows immediately from the lemma that

SRV FOT I T

Here the inner sum

>

[A]
is extended over all'ordered systems [A] = [Ag, Ay, ..., Any] of integers which'satisfy the
conditions (7);, while N'has the same value as in the term (8) from which the sum arises. There
is in'particular exactly one term p?(?) (z) on the right hand side of (9) for which N = 0. This
term is independent of w and vanishes as soon as h exceeds the degree of the polynomial P(w) (2).

Denote next by j any integer in the interval

!
(10) 0<j< [—5—] :
put
a1 H=htm-j ",
and denote by
(12) FOLH) ((w)) wH)

the sum of all terms on the right hand side of (9) which have at least one factor w(H) Further,
let

aM\ _ES P w) v

be the sum of all those contributions to Flh,H) (w) w(H) which come from the'hth dérivative

pEk ) (2) wEIEAD) ¢ RkNAAN)
Ap! Al W AN

J Y k) WkN)Y =
(14) (dZ) (Pay@wED . wEN)) = h [%

of the term
tao = Pao@w K/ ik

in the representation (3) of F{y(w))s«.Evideritly

as  FD(w) = sFED (W)
®

where trivially

a6 Fo(w) = o

It therefore suffices to consider only those terms t(k) for which (k) # (w)and hence ] < N< n.

J. Natl. Res. Council Thailand, 1986, 18(2)



Denote by v any suffix 1, 2, ..., N and by v’ any such suffix which is distinct
from v. It is trivial that the binomial coefficient

(17) (y'.) =0 ifH-k, <0 orH-k, >h
v

Next let v be such that

(18) 0<H-k,<h

There exist thensystems [A]W=1[4g, A1 5. %, AN'] 0E N ifitegers with the properties (7) and
(19) ky A4 = H

Since then
N ) (m—k,,)?h—j>%h ,
and therefore

Ay <éh, kyr 44, <%h+m = h+m-

the corresponding term

P&S’)(z) wk1+2D) (KN +AN)

Ap! Ay! - AN!
in (14) has exactly one factor wH) and no more. Hence the contribution to FS(I)’H) ((w)) of
this term T(k),[l] for the suffix v and the system [1]is equal to

Tky,[2] = h!

OTag ] L PGS @ ol A
awE T LTl ky !

Next, by the lemma
h-H+k (AQ) Ko+ A
d o (ky)y Te ,P(kg (2) (Ky*'+ A7)
P w Y =
(dz) ( (k)(z)ﬁu, ) = (h=H+k,)! [z” ! VTTW -

where the summation FA,] extends only over those systems [A] for which both conditions (7

and (19).are satisfied.. From this equation, it follows that

aT h-H+k
(k)’[l] . h d v i
s s AT (Foef Ty w59
W
- i kD) kN
- (H—k,,)(d_z) aw(ku)(p(k)(Z)w ... wiEN)y
whence, on summing over v = 1, 2, ..., N,
N h-H+k
h,H) _ h d v 3 (k) (kn)
RGP ) = 2 D@ i G @ kD wkw),

24190, 30 9., bdkE, ox (k)



because, by (17), the terms for which v does not satisfy the conditions (18) are equal to 0 .
The formula can finally be written as

N h—H+
(h,H) _ h d M k k
(20) Fiy (W) = FEO(H_“)(d_Z) | (“)(p(k)(z)w( D ... wknN)y,

since evidently

PR a(“)(P(k) @S D, KNy 12 © WD (kN
w

where vin 2 runs.over.all suffixes.Jy2,:95'N for which kip=
V.

On combining the two relations (15) and (20) with the representatiofi (3)of F((w))
and making use of the notation F(H) ((w) ) introduced earlier, we arrive at the simple formula

1) FH () = FEO(HE“)(%) oy (%)

which is due to Kakeya.!
The basic identities (9) and (21) hold for all series w in K [ [z] ]. In particular, let

= I

Since F((f)) = 0, we obtain then firstly the equations

10)
) (k +A) kn +AN)
@  EW(H)-nZ3 Pad @ ki rhn i

(k) [A]  Ao! Al nN o= ). )

and secondly, forallh = 1,2, 3, ...and allj =0, 1, ..., [%(h—l)], the formula

(23) () = FEO(H_“)(a—Z) F ((©)

for the coefficient of f{H) — fh—m +3) in (22).
In"(22) and (23)put z = 0. Since

P&A(())) &N L0 7 p&())) (0)-and {0 = 41 )

we find that

(A0)
Py (0 (k +A)' (k T
> 3 Pk) NN
(24) h! ® 0 ' i ! fky+Ag fn+ AN

th =1,2,3,..)

=0

and here the coefficients of H! fyy on the left hand side is given by

m h d h-H+pu
e FRR@) o = 2 (4, ) (g) Fi (D) 1z = 0

J. Natl. Res. Council Thailand, 1986, 18(2)



The m + 1 expressions Fu) ((f)) are elements of K[ [z]] ; let

e o]

(26) F ((0) = hEOF“,hzh (= 0,1,..,m)

be their formal power series with coefficients in K. Since from 2)

Fm) ((O) # 0,
not all the coefficients Fr hare 0, and there.exists' an integer #4820 such that
@27 Fuilo = Fmi & W5 Fmt—1 = 0,/but Bmt # 0

Fromsthe power-series (26)

h— H +
()

whence, by (25),

u
F(H)((f))|zzo = (h”H+“)!Fu,h—H+p WS O\ ., m),

m
h,H b h _
i, - - 2 Zo G ) O=H 0 Py yoy
Replace here u by m—p; since H = h+m —j, the formula then takes the simpler form
h,H) 3 h :
a8 | FER0) |, S =0 2 (" JU-IE Y, .

where terms in the sum on the right hand side with i > j are put equal to 0. All these ex-
pressions evidently are polynomials in h with coefficients in K.
In particular, for j = t and hence H = h+m—t, the polynomial

h,H N S (h
F( )((f))|2=0 § (t )“Fm,t+“§1(t_“)(t_“)!Fm—,u,t—y

18 by (27) of the exact degree t in h and certainly does not vanish identically.” Henece there exists
a smallest-integer.s satisfying

O < t
such that ‘also.the polynomialiin.h;
(29) FIENCO Y], ) g awiere H =, harnbs,) |

is not identically 0, whilesforjw=_0, 1,".%, s~ I the polynoemials(28) vanish identically. With
this choice of s, H will from noW=onsalways be defined by

(30) H=h+m-s ;

hence H differs from h only by a constant integer which may be positive, negative, or zero.
It follows now, firstly, that the left hand side of the equation (24) does not involve
any of the coefficients

fH+ 1, fH+2 o THes

18U an. 390 1., bdkbE o (k)






10

Recall from (26) that
F1(0) :
F>(0) :

Il
Il

F1(s,8) = F,s = sth coefficient of F(m) ((f)

Fa(s, 8) = Fy_1,5—1 = (s— st coefficient of Fm-1) (M)

Fm(0) := Fy(sp)"="Fos—m = (s=mjth coeffigient of F) ((©)
Thus, from (32) and"(33); sinceq~a(H) # 0,

2D - ’ A D=yl
T HE0 (-s+p! |
Let
m F
F(6)/# F(s,6) = H! 5 _M-ps—y
#=0 (h—s+p)!

HMH-1)...(H-m+ DF{(6) + H(H — D...(H-m+2)F5(0)+... + F,,(6)

here we have made used of (30).. Now let

ar g + ar’le + ..+ ar’d_led_.l
br

Fr(e) =

where apg, ..., ar,d—1 and by are rational integers with by # 0. Let
B = l.c.m. (b, by, ..., by)

Then' from (32) and (36), we see that for H > Hp,

37 E@) = BF() # 0

is'a polynemialiin 6 of degree at most d — 1, with rational integral coefficients. Let M(6) be
the minimal polynomial of 8 over Q, i.e.

M(O)= Lo +d18+ ...+ 2989 = 0, g ez
By (37), M(8) and-E(6)rare rélatively prime polynomials. Thus

Res (M,“E) s/ Resultant (M, E)#0
and so
| Res (M, E) | 3w

because all the coefficients are rational integers. Now, for H sufficiently large,

_ €1a10 , €2a0 CmamO Clall 02a21 ‘m2aml
E(G)-B{(—b_+ 5y B oo ) ( bs +...+Tm—)6+

+...+(C1a1b’ld‘1+...+cm g‘r;ld_l )Bd_l } 5

1aui. 00 390 1., bdkS od (k)
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where
¢g = HH-1)...H-m+1)

¢ = HH-1)... H-m+2)

cm = 1

Let _ ' +1§ w-'du?

80

1 i 4
gd—1 = TN 'd"--l"' 7
" ‘\L\‘l" ,!,“a J_,’
 also ’ Lj zt**
(Igo <
T (P
ma;Ha_-ﬁ, a_ X K <

d(e “{jﬂi : | G *_\T\ : G
N g
0

' [
then @ﬁgcﬁj m U,U‘S Ig\

1 <|Res (M, E 14d-=

< @d-n119-camd = c\H

where Cq, Cy are positive constants independent of H. Now, by a well-known result on
resultant!?, there exist two polynomials X(z) and X*(z) with rational integral coefficients such
that

0 # Res(M, E)

M(6)X(6) + E(6)X*(8)
E(6) X*(8)

Il

J. Natl. Res. Council Thailand, 1986, 18(2)
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Since X*(6) € ZZ[6] and 6 is a p-adic algebraic integer, then

IX*(G)Ip <1
Consequently,
Res (M, E)
[E®) [, = I

>
‘

e
=

and hence there exists a further positive dependent of H such that

(44) vp + ... + yNS H+C3
We deduce from (39) and the definition of {v} that
C;
45 f £ CitH>2max |f, ... forH>H s
(45) ‘ Hip 1 {v}| v lep 0

28w, 00, 398 1., bdbE. od (k)
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where the maximum is extended over all systems {v} with the properties (43) and (44). An
upper bound for |fyg lp is now obtained in the following way from the recursive inequality (45).
Assume for simplicity that

(46) Ho>C3 + 1
Further choose Hg numbers ug, uy, ..., ugy— 1 such that
47 |fH|p < exp(uy) _forH =0, Ho=1-0<ugu; < ... <upy_|
and in terms of these define foreachsuffix H 2 Hgawmumber.upy by théiequation
(48) uyg = CGslogH + ‘wmax_(uy o Fuye).+ logC
H 2 e it UN g¢]
Here Syy denotes the'set of all’ ordered system {v} = {vy, ..., yNJ-of integers foriwhich

(43) and (44) hold, i.e./for which

1SN, 0Syy<H-1,...,0<suywsH-L; yi+... +vNSHHC3 5
SH is thus the set'of all systems {v} over which the maximum in (45) is extended.

The definition of upy implies that
(49) |fH|p < exp(uy) for all suffixes H 2 0.

This is evident for H < Hg — 1 and it follows for H > Hg by complete induction on H since by
(45) and (48)
| £ <Ciexp(CrlogH + max (u, +...+u, ) = exp(ug)
Hlp<C 2106 HE Ay Oy vy H
Again suppose H 2 Hy, so that by (46),

(50) H>C3 + 1
By(48),
H+1
51 S = Crlog—— + max (uy! +...+u,’.,)
1) w1 WUH 287y {v’}ESH+1 Y1 N
— max (u ot ug )
{viesy 'l N

Here, by (43%44), every systemin Sy belongs also to Sy + 1. The'maximumrover Sgy , | is
therefore not less,than that over*Syy, and.so (51) jmplies-that

(52) 2 Corlog ——>0 for | H>Hog

H+1
UHi1 ™ H

On combining this with (47), we see that thesuppformrasstrictly increasing sequence of positive

numbers.

Consider now any system {1} = {mq,..., IN#*} in Sy 4 | at which the maximum

(53) max (u,’

’ = u +...+u
{v'YESH+1 et i) T TIN*

J. Natl. Res. Council Thailand, 1986, 18(2)
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is attained. Since the numbers uy are positive and form an increasing sequence, the suffixes
My, ..., TN+ cannot all be zero; and since further

np +...+ N < H+C3+1 and H>C3+1 ,

at most one of these suffixes can be as large as H. Let, say,

e > 0
be the largest of thesuffixes 1), . AN+ (OF one of thém if several have this same maximum
value); then thefother suffixes my, ., MN* _ | are non-negative and less than H. Hence the
system {vo} = {v(l), — vONO} defined- by
0 Nt o0 0 _ O ’,
N p="N7; T VN0 = "N*—l’ VNOE T L=20

belongs t6the set Sy, and hence it follows that

L, S >
{vinést( v, UuN) Upy +...H e FUmg, —

g max (u,! HF U, - () —Ug )
{viesuy; | N© TN e
The formula (51) leads therefore to the inequality
(54) U 41 -ug < Cylog Bl 4 ) oM g | —uy) for H>Hy

Put
Vi = wyip-uwy and C4q = max(vg, Vis - VHg— 1) »

so that Cy is a positive constant. By (54),

H+1 max
v S G log—— + v for H>H ,
R\ AT e PR Q
that is
VL S CzlogH;1 + max(Cy, vy, VHo+1>-+-»VH~- 1) for H2H

We - assert alsosthat

(55) VH < C,log Bl
Hy

+ Cy4 for HZHjy

For this inequality certainly holdsif H = Hg; assume then that H > Hp, and that the inequality
has already been proved for all suffixes up to and including H—1. Then

max(C4, VHO’ VHO+1, £3 5% VH—I) < C2 ]og go + C4 ,

whence also

H+1

vH <€ C,log + (Cy log %0 +Cp = Cylog T

H+1
q +C4 5

2.8 00 300 9., bdkE, od (k)
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showing that (55) holds also for the suffix H and therefore is always true.
On putting

Cs = C4 — Cylog Hy
(55) can be written in the form
ug+1 — uyg S Elog.(H+1) + Cs for-H .2 Hy

We apply this inequality successively for thesuffixestHg, Hg+1, ..., H=land add all the
results, obtaining

H!
UL < uHgt Czlog(H—O!) + C5(H-Hp) forH2H
By (49), this finally implies that
C
H! \“2
| fH |p < (ﬁﬁ) exp(ugg + Cs(H-Hg))  forH>Hg

In this formula, H! increases more rapidly than any exponential of H. On replacing H again
by h,.we have then proved our theorem.

DISCUSSION

Though the method presented above is notationally complex, and the proofis rather
lengthysthe principal idea is quite simple. It is actually based upon the explicit relationship
(35) which connects one coefficient with those precedingit. It would be of interest to investigate
whether. the'result.so derived is best possible, and if not, when it can be improved.

CONCLUSION

We have essentially.shown that if @ power series, with-algebraic coefficients, satisfies
an algebraic differential equation, thénsits,coefficients-are’€ither zero or are bounded above
by explicitly computable quantities.

J. Natl. Res. Council Thailand, 1986, 18(2)
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ABSTRACT

Pot experiment was established to determine the influences of Rhizobium inocula-
tion (non-inoculation and inoculation) and three phosphorus rates 0, 25.64 and 102.56 mg
P/Pot on oven-dry matter N yield and nitrogen fixation activity at different ages of harvesting
2; 2 ,3,3= ! and 4 months of Centrosemaspubesens-Benth. grown on Kamphaeng Saen Soil
Series whzci was one of theimost-common soil used for gréwing forage crops for dairy
cattle in the central and'western parts of Thailand. The experimentwasieonducted at Kasetsart
University (Bangkhen campus) for ‘6-months.

Oven-dry matter and-N yield of Centrosema.sp.-were signifieqntly inereased with
phosphoruys. fertilization and-Rhizobium inoculation at all ages-of harvesting. “Qven-dry
matter and Nyield of this legume were the highest at the age of 4 months.. The amount of
nitrogen fixation which measured by Acetylene Ethylene reduction method was significantly
ingreased with Rhizobium inoculation at all rates of. phosphorus fertilization.and at all ages of
haryesting. The amount of nitrogen fixation was not significantly increased with phosphorus
fertilization without hazobzum inoculation._Maximum nitrogen fixation of this legume was
observed at the age of 3— months at the rate of 0.29 umol CoH y/plant/h for non-inoculation

and at the rate of 6.25 ;umol CoHy/plant/h for inoculation.
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ABSTRACT

An investigation of bacteria isolated from throat swab culture of 200 patients
attending ENT clinics at the outpatient department, Faculty of Medicine, Khon Kaen Univer-
sity and ENT private clinics in Changwat Khon.Kaen has been reported. The microorganisms
isolated were Beta hemolyticiStreptococci group-A-10%, Streptococcus pneumoniae 6%,
Staphylococcus aureus®5%; Gram negative bacilli 32%.and Candidasp. 9% The susceptibi-
lity of these organisms to antimicrobial'agents was tested, it was found that Beta hemolytic
streptococcigroup A and StreptococclUs.pneumoniae-were still sensitive to Penicillin; and
Staphylococcus aureus, the.most frequently isolated, was resisted.to Ampicillin and Penicillin.
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ABSTRACT

Study on the relationship between the flower development of teak and the species
of insects found on the inflorescense was carried out at the Teak Improvement Center,
Amphoe Ngao, Changwat Lampang. The observations were made from June to September
1985. It was observed that_theSmarked-branches-developedyinto flowers in July and fruit
SJorming started from Atigust:Among the, 14 species.9f insects foundon the inflorescense, 11
species were pesisiand’3 specieS\weré non“pests; The non-pésts were-blaek ants, horse flies,
and dwarf bees.. The pest insects were~Machaerota.elegans Maa , the sucking insect that
occurred before the appearance of flower buds and presented.throughthelfruit forming stage;
longhorned grasshopper (Euconocephalus sp.) was found feeding-on unapened flowers in
July; those that were feeding on flowers in both periods of unopened.flowers and opened
Jlowers were Pagida salvaris Walker, psychid larvae, lymantriid larvae, geometrid larvae,
Eutectona machaeralis Walker, Hyblaea puera/Cramer), Ptyelus sp., and Leptocentrus Sp.
Eutectona machaeralis Walker and Dichocrosis punctiferalis Guenée were aiso recorded as
pests at the stage of fruit forming.
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ISOTHERMAL CARBONIZATION OF EUCALYPTUS
CAMALDULENSIS DENHN.
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ABSTRACT

The carbonization of Eucalyptus camaldulensis Denhn. was carried out by
isothermally heating at selected temperature between 200°-800° C in a flow nitrogen
atmosphere within 10 h. Four specimens (3 % 3 % 4 cm each, from 53 months old planted
eucalypts) were carbonized in an electrical furnace at a given time and temperature. It was
found that the average yield and some properties of charcoal depended on temperature. The
charcoal yield was 21.5-91%. The heat of combustion was 4,600-7,480 cal/g.. The fixed
carbon;volatile matter and ash contents were 19.5-91.5%, 7-80% and 0.2-2%, respectiyely.
Stagistical analysis revealed linear relationships between carbonization temperature from 300°
to 600° CVersus heat of combustion, fixed carbon and volatile matter contents. Theiresults
of this.study will-be useful for the selection of a carbonization condition of the eucalypt for
optimal charcoal yield, heat content, fixed carbon as well as volatile matter eontents.

msfnugasomshanigaiataanugaunagqaudalasmseuaisanuiou
muldussnmavesTulaniauiigamglinaiissning 200-s00 3. molustezim 10 vu. Wieths
MFAnnldnnnliigniu ey 53 @eu udsgliiivina 3 x 3 x 4 au. TumainFasoud
asadaldlimotes o « suovluminshmugamgluaznmiidmun wamsmaaeawuh
wawﬁmmzqmauuﬁwadmuﬂivi’umuqmnqﬁﬁh’fﬁwﬂﬁﬁ?m nandao i 21.5-91%
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INTRODUCTION

Energy\from wood is still essential for rural Thai people.“The consumption of
cooking charéoal'in Thailand was over three million tons in 1983 which the major demand
wag foundsin the pural area’ while the natural forest is unable to supply wood to produce large
quantity of charcoal. The objective of this research is to find out an optimum condition to
produce cooking charcoal from Eucalyptus camaldulensis.

There are several publications reported about residual mass and charcoal properties
from pyrolysis of gymnosperm and angiosperm specimens under a nitrogen atmosphere.
They confirmed that both residual mass and charcoal properties depended on rate of increasing
temperature and final pyrolyzed temperature.

Beall? pyrolyzed redwood specimens at heating rates of 1° to 50° C/min to end
temperature of 250°-600° C. The mass loss of a slow heating rate was greater at the end
temperature lower than 400° C. However, it was found almost no effect of heating'rate to
mass loss at the end temperature of 600° C. Slocum et al.* pyrolyzed oak and hickory
specimens at heating rates of 1.5° to 130° C/h to the maximum temperature between2509 -
800° C. The heating rate varied with maximum temperature. The mass loss dependedion
maximumetemperature. They also reported that the residence time at temperature between
400° -800° C slightly. affected to mass loss of both species. Charcoal yield would be réduced
less than . 10% when a residence time at 800° C was extended to 114 h.

Theweffect of carbenization temperature between 200° -/1,000°.C.to charcoal yield
and elementary compdsition'of ¢harcoal was summatized by Wenzl,%“Th€ charcoal yield and
carbon content were appreximate 33% and.90% ; respectively.-ACesifa® carbonized Eucalyptus
grandis specimens at 300°, 500° and700° CThe fixed.carbon contents were 68, 86 and 92%,
respectively. Baileys and Blankenhorn! pyrolyzed wood specimens of red oak, southern
yellow pine, black cherry and hybrid poplar under a nitrogen atmosphere at average heating
rate of 3° C/min to selected final temperature up to 700° C. They confirmed that the residual
mass and heat of combustion depended on final temperature. The linear equations between
pyrolyzed temperature versus heat of combustion were reported with respect to wood species.
The coefficient of determination of each equation was high.

2. 8w nn. WY V., bdbE, od ()
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MATERIALS AND METHODS

Preparation of specimens and a furnace

About 250 specimens, 3 X 3 X.4-cmgeach, were prepared from 8 trees of 53
months old Eucalyptus camalidilensis.—The eucalypts-were planted at Rangsit, Changwat
Pathum Thani with a spaéingof 2.4_x J.8m. {All'§pecimens were ovendried in an electrical
oven at 105 * 3°_@'to-obtainmovendryweight“of each spécimen before carbonization.

An electrical furnace for carbonization of the eucalypt specimensshas a chamber
space of 8 % 110X 26 cm.and it can be heated up to 1,000° C. An additionalitemperature
controller by-a thermocouple with precision of 100 £ 3% was connected. to the.furnace.
Temperature profile of the furnace was recorded prior to carbonize the specimens. The
temperature profile was shown in Figure 1.

Carbonization

At a given time and temperature of carbonization, 4 specimens were  heated
isothermally under a nitrogen atmosphere after the temperature profile had been recorded.
All specimens were placed among 15 cm from the rear of the furnace. The given time and
temperature of carbonization were up to 10 h and 800° C respectively as follows.

Temperature, ° C Time, h
200 I, 2,4, 10
250 % 1,2, 4,17
300 %,%,%,1,2,4,6
350 %, %, % % 1,6
I
S0 ——
A
800 % 1, 3,6

At the end of each carbonization all remaining specimens were taken from the
furnace and cooled in aluminium desiccators under nitrogen atmosphere for 1 h. The speci-
mens were then weighed. The charcoal yield was calculated as follow.

J. Natl. Res. Council Thailand, 1986, 18(2)
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. ioh
Charcoal yield = w x 100

ovendry weight

Analyses of charcoal

About L offeach remaininggspeg¢imen frém a given time.and temperature was
ground into powder and then mixed together for the following analyses.

Heat of combustion

The heat of combustion of charcoal was determined by using an.adiabatic oxygen
bomb calorimeter, Parr no. 1341 and bomb no. 1108, according to the method of ASTM D
2015-72. The heat of combustion was reported based on ovendry weight of charcoal.

Proximate analyses

The proximate analyses of charcoal were determined by using an electrical
furnace, Hoskins type FD 203°C, according to the ASTM D 1726-64 procedure. The fixed
carbon, volatile matter.as-well as ash contents were reported based on ovendry weight of
charcoal. The fixed carbon content was the amount of carbon that is not volatiled at a
temperature of 950° C for 6 min, minus the amount of ash remaining after the charcoalwas
completely combusted in the furnance at a temperature of 750° C for 6 h. The fixed ¢arbon
content-was calculated from the following relation:

% of fixed carbon = 100 — % of volatile matter — % of ash.

RESULTS AND DISCUSSION

Charcoal yield

Residual mass of carbonized specimens was revealed in Figure 2. The remaining
specimens, at temperature less than 250° C, were not completely carbonized even though the
reaction time was as long as 7 h. The residual mass was still decreasing. Between 300°-350° C,
observed specimens were completely carbonized after 30 min. The residual mass was almost
constant during 30 min to 6 h of carbonization. The observed specimens could be completely
carbonized within 15 min when carbonization was taken at temperature between 400° - 600° C.

28w 00, 300 1., ndbé, o ()
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The residual mass from the carbonized specimen was almost constant after 30 min of
carbonization. At 800° C, the carbonization was very fast. The remaining specimens could
not be removed from the furnace within 30 min of carbonization because they simultaneously
combusted due to high temperature and volatile matter content. Unlike lower temperature,
the residual mass was decreased with respect to time of carbonization.

The average charcodl'yield-and charcoal properties of €agh carbonization tempera-
ture were reported in Table }:” The average yicldiwas detérmined by extrapolation of respective
constant yalue of4d given temperature as shown in Figure 3, the determination of charcoal
yield at 500° Gfor'example. The relationship betweenaverage charcoal yigld versus carboni-
zation temperature was probably‘a curve as shown in Figure 4. The.average charcoal yield at
temperature between,300-350° C was 39-47%. The carbonization of remaining specimens at
these temperatures had begun to be completed. The average charcoal yield was reduced to
24.5434.5% when/carbonization had been taken at temperature between 400°— 600° C. At
800° C, the temperature was too high for carbonization. The charcoal yield was as less as
21.5%.

Fixed carbon contents

Fixed carbon contents from all specimens with respect to time and temperature of
carbonization are shown in Figure 5. At temperature less than 250° C, the contents were
much less than usual cooking charcoal. The contents increased slightly with respect to time of
carbonization. At temperature higher than 300° C, the fixed carbon contents were almost
constant after carbonization longer than 30 min. The effect of time for carbonization to fixed
carbon’ contents, after specimens has been completely carbonized, was only slightly.

The average fixed carbon contents of remaining carbonized specimens were
reported in Table 1.% The relationship between carbonization temperature (300°-600° C)
versus respective fixed carbon contents was linear as shown in Figure 6. The linear equation
for this relation.as'wellyas other properties and its quality are revealedsin Table 2.

The fixedearbon content far #sual coeking charcoalishould begreater than 65%.
The result from this experimentindicated-that the Carbonization-temperature for Eucalyptus
camaldulensis must be higher than"4002,C i order to obtaim@doking charcoal with qualified
fixed carbon content.
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Volatile matter content

Volatile matter contents from all specimens at time and temperature of carboni-
zation are revealed in Figure 7. The contents decreased with respect to time and temperature
of carbonization except temperature higher than 400° C. The volatile matter content at a
given temperature decreased slightly after carbonizatiofishad been completed.

Theaverage volatileimatter ‘eontents were feported in Table 14 Figure 8 and Table
2 revealed the linear relationship between.3002-600°-C.of carbonization temperature versus
volatile matter'contents.

‘1he normal cooking charcoal should compose of volatile matter content less than
30% in order toprovide smokeless charcoal. The result from this experiment«indicated that
the carbonization temperature of Eucalyptus camaldulensis must be greaterithan 400° C so
that the charcoal contained qualified volatile matter content for cooking.

Ash content

All remaining specimens from this carbonization composed of ash content less than
2.5%. " Tt was difficult to conclude that the content depended on time and temperature,
However, the ash content of most remaining specimens was 1-2%. The usual cooking char-
coal allowed to compose of ash less than 5%.

Heat.of combustion

Heat of combustion from all carbonized specimens with respeet to time and
temperaturg was shown in Figure 9. The heat content depended on time.and temperature of
carbonization similar.to"charcoal yield, fixed carbon as well as volatilé matter contents. It
appeared thatithe heat content of remaining specimens incréased slightly afterd h of reaction
time at temperature higher than 300° C.

The average heat,of ‘combustion with respect toséarbonization temperature was
shown in Table 1. Results from regressien“analysis according to Figure 10 and Table 2
revealed that the relationship between carbonization temperature (300° - 600° C) versus heat
content was linear. The heat of combustion of usual cooking charcoal should not be less than
6,600 cal/g. Therefore, carbonization temperature of the eucalypt should be higher than
400° C.
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Relationships between heat of combustion versus fixed carbon and volatile matter contents

Relationship between some charcoal qualities of the same specimens was not
commonly reported. From this experimental result, it was indicated that the linear relation-
ship between heat of combustion versus fixed carbon content as well as volatile matter
content were confirmed from carbonized specimens at temperature between 300° - 600° C
as shown in Figure 11. The corselation coefficient-of cach'line,was 1.00.

SUMMARY

The'carbonization of Eucalyptus camaldulensis was made at temperature between
200%=800° C within/10 h of reaction time. Two hundred and fifty specimens, 3 X.3 x 4 cm
each, were prepared from 8 trees of planted eucalypt at 53 months old. A carbomnization was
taken from isothermally heating of 4 specimens.in an electrical furnace under a nitrogen
atmosphere at/a given time and temperature. Residual mass as well as some charcoal proper-
ties, i.e. heat of combustion, fixed carbon and volatile matter contents, were determined from
the remaining specimens. These charcoal properties depended on carbonization temperature.
The charcoal yield was 21.5-91%. The heat of combustion was 4,600-7,480 cal/g. The fixed
carbon, volatile matter as well as ash contents were 19.5-91.5%, 7-80% and 0.2-2%, respec-
tively. The details of charcoal yield and properties from each carbonization temperature
were summarized as follows.

At temperature lower than 250° C, all specimens were not completely carbonized
although the carbonization had been taken as long as 7 h. The charcoal yield was more“than
67%. " The Heat of combustion and fixed carbon content of the products were less than5,500
cal/gand 35%, respectively. The products composed of more content of volatile,matter:

At temperature between 300° - 350° C all specimens were completely carbonized
within 30 min. “The‘avérage charcoal yield, heat of combustion; fixed carbon and volatile
matter contentsWwere almost’constant after.30.min of-reaction‘time’) The chargoal yield was
39-47%. The heat oficombustion, fixed carbofi and yolatiléjmatter contentsiwere 6,200-6,420
cal/g, 57-62% and 37.5-42%, respectively. These charcoal propertiesswere little poorer than
usual cooking charcoal.

Between 400° - 600° C, all specimens were completely carbonized within 15 min.
The average charcoal yield, heat of combustion, fixed carbon and volatile matter contents
were 6,620-7,480 cal/g, 68-87% and 11-31%, respectively. These physical properties were
similar to usual cooking charcoal.
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At 800° C, the temperature was too high to produce charcoal. The charcoal yield
decreased with respect to reaction time. The heat of combustion, fixed carbon as well as
volatile matter contents were not much better than those charcoal properties at 600° C.

Statistical analysis revealed linear relationships between carbonization temperature
between 300° - 600° C versus heatgofscombustionyfixed carbon as well as volatile matter
contents. The linear equations.for these relationships are as follow:

heattof combustion \vsitemperature,

Y = 4,885+ 4.402.Xx
fixed.«carbon content vs temperature,
Y = 26.63 + 0.1025 X :
volatile matter content vs temperature,
Y = 73.99 — 0.1067 X :
heat of combustion vs fixed carbon content,
Y E 3,743 + 42,93 . X.;
heat of combustion vs volatile matter content,
Y = 3,937 — 41.23 X :

The correlation coefficient of each equation is 1.00.

The results from this experiment suggested that the optimal carbonization tem-
perature for Eucalyptus camaldulensis at 53 months old should be 400°-500° C for
producing of cooking charcoal with qualified yield and properties.
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Table 1. Average charcoal yield and its properties from carbonization of Eucalyptus
camaldulensis
L Volatile Fixed Heat of
Carbonization Charcoal .
- matter carbon combustion
TEmperars {* ) L) content (%) content. (%) (cal/g)
200 91 80 19.5 4,600
250 67 64 35 5,500
300 47 42 57 6,200
350 39 37.5 62 6,420
400 34.5 31 68 6,620
500 27 19 79.5 7,170
600 24.5 11 87 7,480
800 21)5 7 91.5 7,430

Table 2. Regression analysis of carbonization temperature (300° - 600° C) and respective
charcoal properties.

Items ag ay Sy x S0 51

Fixed carbon content

vs temperature 26.63 1025 | 1.22 224, [5905 o3
Volatile matter content

vsjtémperaturé 73.99 ~.1067 1.24 3y |508 x 1073
Heat of combustion

vs temperature 4,885 47402 57.50 1058 0.24
Heat of combustion ‘vs

fixed carbon content 3,743 42.93 27:82 80.35 |1.123
Heat of combustion vs

volatile matter content{ 7,937 —41.23 29.81 35.11 1.156

Note The correlation coefficient of each relationship was 1.00.

Y -
‘Sy.x
So
5

a, e & a X
Standard error of estimate (of Y on X)
Standard error of regression coefficient a
Standard error of regression coefficient a;
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Fig. 2 Average residual mass from carbonization.
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Fig. 6 Relationship between fixed carbon content versus carbonization temperature.
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Fig. 11 Relationship between heat of combustion versus volatile matter content and fixed
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ABSTRACT

This exploratory study showed that the initiative policy to reduce a rate of illiteracy
to 10.5% was centralized by the government. To combat the illiteracy, Non-Formal Education
centers were established throughout the country. These centers were used to accommodate
the educational facilities and provide information to the local people.

Nevertheless, the Non-Formal Education Department requires a large national
budget to*support its own organization and activities as much as coordination with-local
personuel and agencies to prevent the repetition of certain activities. It was recommended
that the Non-Formal Education Department should work in collaboration with primary and
secondary schools which already had educational facilities in order to achieve'the principle
of self-reliance among the-targeted people.
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INTRODUCTION

According to the National Demographic Survey, approximately 3.5 million of the
Thai population between the age of 14-55 were unable to read or write, that is, 14.5% of the
total population. These illiterates can be classified as:

I. Those never entering school.
2. Those failing the Grade 4 final examination.

3. Those still illiterate after receiving the Grade 4 Certificate.

The survey, involving 18 provinces out of 72, in 1982 revealed ca.* 660,322 persons
were illiterate; mostly female;including those receiving only-primary Grade 4 education of
which one consequencéis/a lack.of the necessary training to,d6 business withi'local merchants,
which brings aboutsthe-fear of lexploitation.

Measures intended to combat this situation are under the following headings:

1. Transition from adult education to Non-Formal Education.

2. Establishment of Non-Formal Education facilities.

ca. = approximately
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3. Distribution of Non-Formal Education.

4. Impact of Non-Formal Education on national and rural development.

At the time of absolute monarchy, educational opportunities existed only for the
privileged classes. Traditionally, teaching was.conducted in the temple where young pupils
learned to read, write, became novices at.the-ageof-12-19,-and were.finally ordained as a monk
at the age of 20. They might subsequently withdrawsfrom the monkhoodin order to serve the
country. The Sanghd organized its educationalprogram'into.2 levels 1. Dhamma: levels 1 to
3, 2. Pali: leyels I'to 9 and there were-two Buddhist universities employing traditional and
modern educational methods in“Conjunction.

The Thai People’s Party assuming power in 1932, set its policy towards: “1. National
self-sufficiency 2. Internal security 3. Job-creation and economic opportunity for all 4.
Social equality 5: Freedom, according to the preceding four principles 6. Universal educa-
tion: The Compulsory Elementary Act was passed in 1923. Adult education leading to the
award of a certificate was commenced in 1940, but this opportunity has been available only
to a few, since ca. 14.5% of the population still remains illiterate.

Hence the 5™ National Social and Economic Development Plan (1982-1986) has
set the goal of reducing illiteracy to 10.5% by the end of fiscal year 1986, it is a task for'which
the Department of Non-Formal Education will be responsible.

Transition from adult education to Non-Formal Education

The Department of Non-Formal Education was established by a Royal"Decree
through amendment of Administrative order No. 216, September 19, 1972 (Atticle 8)./The
National Educational’Planning Board for 1983-1987 (Section 2, No. 16) reiterated the Govern-
ment’s obligation.to increase the standard of living of underprivileged.people through multi-
purpose Non-Formal, Education; following~the=aim~of the #8¢Ndtional .Sogio-Economic
Development Plan (1977-1981)towards wider /distribution’ of sécio-economic, health and
educational opportunities ameng-rural peopie.

The Ministry of Education, in cooperation with the Ministries of Interior, Health,
Agriculture and Cooperatives, and other local agencies, will campaign to eliminate illiteracy
within 3 years. In 1982 the Non-Formal Education Department surveyed the feasibility of
setting up its operations in 24 provinces, which would be extended to 31 provinces in 1983,
and nationwide in 1984.
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Objectives of Non-Formal Education

1. General

To eliminate illiteracy among people between the age of 14-55.

2. Specific

2.1 Te'promote literacy and'interest'in.reading.
2.2/ "To promote access to.modermknowledge via literacy and vocational training.
2.3 To-promote mutual help and cooperation‘tewards deyvelopment.

3. Procedure

3.1 To utilize the services of e.g. government agencies, private sectors and indi-
viduals in solving this persistent problem.

3.2 To encourage students, scholars, novices and monks to voluntarily campaign
to eliminate illiteracy.

3.3 To utilize the mass media for the distribution of Non-Formal Education.

Curriculum, learning and teaching processes

These processes aim at adult or unemployed persons, leading to a certificate granting
eligibility to pursue higher education. Some may receive short-term occupational training e.g.
hair.dressing, mechanical and electrical techniques, building, or painting.

A basic curriculum is designed to eliminate national illiteracy.” Teaching is/given
voluntarily by thosc'able and willing to serve. A community able to implement'the program
successfully will réceive privileges and a certificate of honour from the Ministry of Education
(MOE). Asfor the pupils, when they are sufficiently proficient theyymayitake-an'examination
provided twice'a vear by the MOE. Subsequently;inorder to'improve the-ability of those who
have learned to read,and provide thém withjagcess toinecessaryinformation (including market
price information), each village-must be provided with at least.two_newspapers and other reading
material. This plan generates thexdistribution of bookss-and the development of communica-
tions within the village.

The Educational Supervisor for Non-Formal Education, and concerned agencies
including voluntary personnel will visit villages regularly to give advices relating to current
problems. The MOE has also endeavoured to promote public awareness of national illiteracy,
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lack of knowledge and occupational skills that impede development. The government strongly
encourages the use of mobile educational centers and libraries as a means to reduce illiteracy.
Sequence of the social events is demonstrated in the following diagram:-

The process of national literacy campaign project

A. Project_approval

Information from the offices concerned
Survey of the extent of illiteracy

Selection.of provinces for launching a project
Meeting with the heads of the selected provinces to.explain principles and procedure
Design of curriculum and textbooks

Selection of volunteers

Selection of*respondents at local'level
Training of lecturers‘responsible at local.devel
Training of respondents at local level

Work of the volunteer teachers

. Evaluation study

. The information project

. Orientation, follow-up, and evaluation

. Report on the results of each project.

Pt .
=

—_—
HW N
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The basic plan for Non-Formal Education, which views education as a life process,
may be illustrated by the diagram:-

] dQ?-E
Itis 7 C

certificate of education. Its courses o

ate equivalent to the normal
€ evening, have 2 levels. (Diagram 1)

1.1 Primary level

1.1.1 Grades 1-2, 6 months. These courses are used in some adult schools in

rural areas, except for adult classes in prisons, and other rural adult schools using the functional
literacy curriculum.
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1.1.2 Grades 3-4, 6 months. These courses are used by adult schools in towns
for those wishing to continue school, and for adult classes in prisons.

1.1.3 Grades 5-6, 12 years. Completion of at least 30 credits are required for
a pass.

1.2 Secondary level

1.2.1 Funectional educatioi’Gradés|| 79, 1 2 years,. 50lcredits required.
1.2:2 Adult education'Grades T0-12 for upper secondary school, issued by the
Ministry of Education in 1975,

The above program enables a student, lacking previous opportunity to study,
to attain the High School Certificate within 3 years. Many students enrolled on these courses
have proved successful at the highest level of national and international education.

2. Vocational adult education

The program provides short-term vocational training according to job-market
demands, There are 2 schemes:-

2.1 Courses of 100-300 hours, specializing in industry, home economics, business,
and agriculture, held in fixed day schools.

2.2 Classes given by mobile units serving remote areas. Mobile adult schools offer
courses in dress-making, tailoring, hair-dressing, mechanics, and agriculture, of 150-300
hours, attendance from 9.00 a.m. - 3.00 p.m. Mobile trade training schools specialize in
industrial vocations, offering courses of 400 hours, attendance from 9.00-12.00 a.m’, 1.00-
4.00 p.m., 5:00-8.00 p.m.

Operating sifice 1973, interest groups program offers courses of 5-30 hours,
depending on people’s initiative wishes.to study.in the field of interest beneficial to themselves
and their community. "It is ihteresfingto note that the program¢hastbeen populdr'in all regions.
Action may be initiated"by:

1. Random selection"of.at least-l5-people-wishing'to study in a specified field,
following a survey of local needs by provincial officials.

2. A request from at least 15 people interested in studying a specified topic which
must be clearly defined. Resources are provided by provincial or central authorities, teachers’
being paid a government stipend of 30 baht per hour.
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Connection with the existing formal system

The Department of Elementary Education has been successful in providing services
in remote areas and the standard of elementary education is considered high in Southeast Asia.
The Department of General Education is responsible for secondary schools and employs
teachers of a high standard, oftenvdegree holders.“Both.clementary and secondary school
teachers also assist development-at the village leyel by acting as adVisers in educational matters.
The Academic Departmentihandle§ curricilum @evelopiment and. research into improved

educational material. The next diagtam relates.Non-Formal Education to the other depart-
ments:-

The Ministry

of Education
>
elementary
S

secondary

school drop outs, underprivileged
elementary

teenagers mass, those lacking vocational skills

boys + girls
and others who need to.study

nofmal group non-formal.group

illiterate mass

The Non-Formal Education project is diffused throughout the country, its facilities
are modern, and makes use of time outside that allotted to elementary and secondary school
classes.
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Establishment of Non-Formal Education facilities

1. Public libraries

Public libraries have been establishedias'multi-purposed organizations. The govern-
ment provides its people withspubliclibraries to implement the habit.of reading and profitable
use of leisure time, and also disseminating up to date-news and currentinformations. There
are many types of public libraries, sueh.as, provincial public libraries, districtipublic libraries
and mobile librariess . The mobile libraries-are'mobilevansand boats moving around commu-
nities.

2. Functionaldibrary program

Public libraries also provide the functional library program. The training is offered
to illiterates to promote social and environmental knowledge, problem-solving and decision-
making abilities according to local problems, interests, and needs. Discussion between students
and teachers on communal and individual problems and their solution may take place in
schools, temples, or the students’ ewn homes.

3. Educational audio-visual unit

These units, one for each province, bring information to people in remote areas, in
the hope-of clearing up misunderstandings among people and between the people and the
government. Usually movies are preferred. The unit sets a visiting date, on which eduacational
films and slidesare shown.

4. Mass media for adult education

The mass ‘media are used'to provide instruction.to some-80% of the people who
do not attend school.

““Adult Education News’’ is a bi-weekly wall newspaper sent to village newspaper-
reading centers, temples, village headmens’ houses, health centers and adult schools, providing
information on vocational guidance, health, nutrition, family planning, and laws relating to
everyday life. The contents also cover social education, culture, and traditions, in simple
language and in forms that can be practically applied.
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Radio and television programs inform people concerning economic conditions,
marketing and prices of agricultural products.

5. Radio and correspondence

Transistor radiosiare the-cheapest form of mass media, widely used in the countryside.
Students receive information by, radie, and conrse materials bysmail and follow the course accord-
ing to schedule,g0r by meetihgiwith @ .group of teachers for at least 3 hoursiper week.

6. Village newspaper reading center

According to the survey, about 80% of rural persons literate onileaving primary
school lose theirfability through lack of opportunity to read. They are disadvantaged in business
with local middlemen and subject to exploitation and cheating. It is a feature of an under-
developed society that the rich exploit the poor; and rural farmers have been tegarded. as
holding the lowest rank in Thai society.

Education is necessary to overcome this inequality, ipromote business ability and
the formation of cooperatives to check middleman exploitation. Hence the government is
attempting to quickly solve this problem by launching a pilot project to acquire reading material
for rural people. This center has been established for donation for children’s books, textbooks,
periodicals, supplementary reading and vocational books. Solution to the problems of illiteracy
in a developing country is an enormous task for a government, but one very relevant te. human
development.

7. Provincial Non-Formal Education centers

Sineg the 1976'survey indicated that32.4 millien pefsons'wete not.atiénding school,
expansion of NFE services to the prowvinees is ¢onsidered urgent. So'far, the NFE has established
centers (Figure 1) while'tadio-programs are’broadcast from Bangkok ‘and'32 provincial stations,
covering the subjects of : I."Bife €Xperience.2..Social*scienee”3. Music and pragmatic art,
Grades 1-6 4. English language, Grades 5-9 and 5. Thai language, Grades 1-6. At the same
time the section provides teachers’ handbooks and learning materials for students, and instructs
teachers in the effective use of the programs.

The radio visual material section supplies materials for use in and out of school e.g.
documentary films and supplementary films for educational television programs. The technical
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section provides electrical expertise to the center and co-ordinates with the Public Relations
Department in installing and maintaining equipment. Programs are televised on channels 9
and 5 and are recorded for re-use by provincial stations. The above center conducts research
into the effective application of new technology for teaching media.

8. Center for educational technology

It provides” educational, radio ‘programs for"members of the public, including
education officials,.and specific groups Such-as'the:people of .the four southernmast provinces,
the majority of whomiare mushims.

Educational radio programs are summarized in the following table.

The Radio Broadcasting Station Programs: Types:

voice entertainment drama

of Monday | time | hour | broadcasting information and | music

radio ) - time other extra song

educa- 3.00-10.00 p.m. | programs such as | occupation

tion national security | nutrition

etc. law
foreign

Friday language

Source:| Report, from Non-Formal Education Bulletin, Ministry of Education.

9. The Bangkok Planetarium

One of the'largest in"Southeast Asia, the Planetarium.wassestablished in 1964 to
promote astronomical knowledge.It-offers numerous.instructional services for exhibitions
on the solar system, universe and space exploration;‘training in the teaching of astronomy, use
of the telescope the most popular with students-exhibitions on current space research.
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10. Science Museum

The Science Museum, within the same precincts of the Bangkok Planetarium, exists
to promote scientific and technological knowledge among students and the general public.
Its temporary and permanent exhibitions include:

1. Basic environmental science,-mathemaltics, measurement, energy conversion,
wave phenomena, basieichemistry and bielogy:

2. Technology in everyday life: cemmuniecation, transportation, human necessities,
and agricdlture.

3. Technology applicable to rural areas e.g. wind-power; hydraulicsy. methane
fermentation ofserganic.waste, and the use of local crafts such as blacksmithing, pottery, and
bricksmanufacture!

The museum comprises of 3 sections as follows:

1. /Suggestion section: Dealing with the acquisition of knowledge at primary,
secondary and vocational levels.

2. Ilustration section: The promotion of scientific and technological knowledge,
at academic level, via audio-visual materials and lectures.

3. Agricultural Dome: Mechanization, use of fertilizers, and other agricultural
technology.

11. Maobile unit on science education

This involves the application of mobile units to'science education, withthe aim of
promoting.scientific knowledge in rural areas and its application to the benefit of these areas.

12. Natural History Museum

This'was.opened iri'1984, to promiote the understanding of natutalfscience relevant
to natural resource development, and will undertaké collection and teséarch into local and
foreign flora and fauna, orgarize.exhibitions and conduct-science teaching.

The most difficult of the illiterate to educate are those who turn their backs on
learning and occupy their time in inproductive pursuits. Likewise one of the biggest obstacles
to scientific knowledge is the belief in a superhuman culture.

2. 8wy, An. W8 ¥, bdbE, od (k)
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13. Museum of Thai Cultural History

It was planned to disseminate among the people a knowledge of the value of their
own cultural heritage.

Distribution of Non-Formal Education

At presenty we can say that-the.programedesciibed is being actively pursued. In
addition, Sukhothai University is‘offering extramural courses through correspondence and
television, which are'open to all able to read the Thai language.

Hence adult education may be classified in 3 categories:-

1. The university level offers a degrec and also a certificate level, of law, business
administration, public administration, education, political science.

2. The education of the young, adult and the old age in the study of Buddhism.

3. The Non-Formal Education offers to all under privileged citizens, all types of
national learning process which is able to solve the illiteracy mass.

However, there is a lack of coordination between these 3 systems. Buddhist educa-
tion was the first to be opened to all and is considered of great value towards developing the
potential of the mind. Sukhothai University has extended the possibility of university level
education to all — though students must pay for learning material. Non-Formal Edugation
was designed ‘as an urgent measure to quickly combat illiteracy and pfovided vocational training.

Effeetive distribution of education requires clear identification of the needy target
groups, adequate budgef;.and the cooperation of those to be taught. Despite the fact that the
task is being appreached with efficieney,. the result is as yet uncertaing

The impact of NonzEormal Education on national and tural development

At present, the urban illiterate benefit more from the project. When the people from
rural areas become literate, they will understand such things as the relation between Government
policy and price changes, and at the least to understand information related to their work on
the farm. Moreover, an uneducated farmer cannot protect himself from exploitation by the
local elite.

J. Natl. Res. Council Thailand, 1986, 18(2)
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The cooperative link-up

The system of 4 ministries working in collaboration was designed to mobilize national
resources to meet the needs of the rural population; while the Rural Development Committee
was formed for the purpose of eradicating rural poverty and hardship. The 4 ministries have
been co-ordinated into a single:administrative-body to direetirural development to high-poverty
areas. To eliminate the preblem of the.l] million-péople classifiedias ‘‘poor’’ throughout the
country, government subsidies have beemrallotted- to rhral areas for the development to local
resources, for example; irtigation,. health Tare, security and education of the illiterate.

The'cooperative organization comprises the Central Committee for,Rural Develop-
ment attached to.the Office of the Prime Minister, and corresponding committeés at provincial,
district, communal, and rural levels. Though these committees are working t6gether in the
hope that the.major problems of rural areas may be relieved by the end of the 5™ year planin
1986, the fact remains that decisions continue to be made by an elite group at the top. Though
it was intended that the rural population should organize and plan for themselves, the basic
administrative bodies, the commune councils were not yet sufficiently strong nor legally con-
stituted to be self-determining.

In fact, the temple remains the only real school for many villagers. The monks and
novices, trusted as members of the community itself, are instructors in the rural areas. They
may lease to acquire education themselves and return to their own villages as teachers. The
system has been in operation since early time and it is possible for a villager to acquire a good
education through this medium, thus tending to mitigate the inequity between urban and
rural-districts.

Despite the fact that the Non-Formal Education program, modeled.on the western
system, is well'organized at the buraucratic level, it is still uncertain how effective is'the service
provided:where it.is needed — it may tend to be limited to urban students living near the center
of activity.

Ineffectiveness of the services

As aresult of observations and discussions with responsible officials, the different
ministries work well individually but somewhat in isolation and with limited resources. The
system works well in the urban areas; but the planners have not foreseen the difficulties of
the remote rural areas, with their widely scattered villages.

28w A0, 300 9., bdbé, od (k)
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Although the project is targeted specifically at rural areas, progress has not been
so rapid as expected because the level of poverty is far greater than had been imagined by the
central authorities. The people are farmers, uneducated, with many children and limited
resources for cultivation, subject to exploitation. For them, the cost of food leaves little for
education. Hence the educational service must be developed side by side with economic
development or learning by producing. -

Overview of the problem

The administrationof NFE, from the top downwards.leads to’dysfunction and
lack of coordination ‘at the practical level. In consequence NFE has faced the, following
problems:-

1. The classification of illiteracy is not clearly specified between the urban and rural
illiterate mass.

2. How to serve remote areas adequately. The answer may be simple: to serve
those who want to be served. The high expense of projects may cause the need for new
technological equipments to reach the mass of learners. The program is not rendered redundant
by standard primary and secondary education programs since different tasks and different
target group are involved.

The following points should be added to the overviewed problem.

1. The urban poor are too fully occupied with earning a living to find time for
learning. sThe rural poor face a similar problem though in a different setting.

2. There is a problem of integrating the plan; since many agencies, performing
different tasks, are operative at the local level.

3. The technological approach is hampered by the fact that many rural people
cannot afford radio or television (many villages even lack electricity).

4 Many.working persons take the view that learning-is an activity of.a special
profession and are disinterested in studying. Henee the distribution of learning'materials may
be wastefully expensive if related only-to_the*mere numberjof illiterates.in_an area.

5. The larger faeilifies.are located onlyin Bangkok,-whigh*for economic reasons
make them inaccessible to many people, from Turalareas,

6. The general and vocational education offered by NFE has been the most suc-
cessful part of the project since its launching in 1983; and, being related to the actual number
of students enrolled, budgeting was realistic.

7. The use of mobile units may be something in the nature of propaganda, as it is
difficult and expensive to handle these facilities effectively. It may be preferable to dispatch

J. Natl. Res. Council Thailand, 1986, 18(2)
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a mobile unit to an area under a specific arrangement as to the use of this facility, by the
parties concerned.

RECOMMENDATIONS

The eritical problems must be'selved if.NFE s to'reduce the rate of illiteracy to 1.5
million by theend of the sth year plan-in-1986:

At the primary level: NFE work should collaborate with village primary schools
by providing its'budget for personnel to reside in the locality, the school Headmaster being
responsible for distribution of materials and the conducting of extension courses. Likewise,
the temple shiould be selected as the center for mass dissemination of education, the monks
and novices are freely responsible for teaching.

At the secondary level: the secondary schools under the direction of the Department
of Secondary Education, mostly situated at district level but drawing pupils from neighbouring
rural areas, have adequate facilities and teachers with many years experiences in this field and
a record of success in attracting adult learners. In fact, the secondary schools and temples
being already long experienced in this work, it would be preferable and more economical for
NFE to operate through these institutions than to spend resourses in wasteful reduplication
of their efforts.

Such technological instruments as radio and television may be of most value to
responsible adult learners if e.g. documentary films on topics as vocational skilly health care
and the various means by which people can benefit themselves and the rationiare shown. A
documentary/film may encourage people to look for means of better education.
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Primary School

/.

Primary education Non-Formal Education
Level 1 [ #Grade Months Level Months
1 9
1 6
2 9
i §
3 9
2 6
4 9
5 9
-
: 1= .
& ﬁ Secondary school l
Level 2 7 9
8 9 - 4 18
9 9
10 9
- 5-6 18
11 9
12 9

Source: Department of Non-Formal Education, Ministry of, Education.

Diag. 1 Comparison time bétweensstudy.in-Formal and Non-Formal Education
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ABSTRACT

Many archaeological objects have been discovered throughout Thailand, suggesting
that those areas once had been inhabited by ancient human communities.

Aerial-photo_intérpretation is proved to be-one ofuthe effective techniques in
searching for large-scale patterns which may\not readily be seen if being observed on the ground.
Characteristic patterns of apcient eoustruction such as moat, rampart-andwpond had been
described infreponts by some arehaeologiSts"frommsite investigationss, Theseleonstruction
remnants, although partly.perished and destroyed by nature or human.dctivities, show up in
aerial photographs.

This project is now working on constructing an inventory of aerial photographs
Which contain some patterns of ancient settlements. A total number of more than 1,000 photo-
graphs are now under file. Ancient settlement sites are classified under their associated
administration areal unit. \ Their exact locations are identified by the UTM grid system,.

This inventory is expected to be an important stepping stone JSor complete collections
of all types of informations concerning to each settlement site. A | fter site identification,
archaeological investigations either for academic or conservation purpose would be proceeded
lo encourage future research activities, preparation for an information center of ancient
settlements, and education planning, archaeological and historical research, 'including
conservation and developing planning.
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