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THE SCIENCE COLLEGE AT
FU JEN UNIVERSITY

HEINRICH HESSELFELD, SVD, Dean

| u Jen University was founded in Peiping fifty years ago, and
3
was reopened on Taiwan in October, 1963. On its modern

campus of 31 hectares, it has developed into one of the most modern
universities on the island. Thirty three concrete buildings cover
87.578 square meters of architectural area, By far the largest area
is occupied by the College of Sciences.

Fu Jen University presently consists of 10,721 students, including
4,156 students of the evening session, and has an academic staff of
950 teachers and employees. The day-school students are distributed
among the five Colleges, namely Liberal Arts (1818 students),
Foreign Languages (891), Natural Sciences (1486), Law (1009), and
Business Administration (1361). All students are Chinese. Table 1
shows the number of students in the College of Sciences during the
last 13 years.

Table 1. Number of students in the College of Sciences in the
first and second semester of each school-year.

Students Students
School-year First | Second School-year First Second
semester semester semester semester
1963 80 78 1970 1063 1038
1964 305 294 1971 1148 1114
1965 576 563 1972 1209 1176
1966 843 835 I 1973 1361 - 1304
1967 9. 978 1974 1409 1364
1968 1027 1015 1975 1447 1385
1969 1022 989 1976 1486

The seven departments of the College of Natural Sciences will
be introduced here with a short description of their characteristics,
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1. Department of Mathematics. Head: Dr. Hildegard Pohanka, ssps

The Department of Mathematics offers courses for students
who major in the two sections of Pure Mathematics and Applied
Mathematics. A graduate school in mathematics was established
in 1974. In addition, the Department of Mathematics offers service
courses to all colleges of the university.

The curriculum of the section of Pure Mathematics puts emphasis
on the theoretical aspect, mainly algebra, and the curriculum of
Applied Mathematics offers courses in Computer Science, Operational
Research, and Statistics, Students are free to select courses of
either section. In the Graduate School of Mathematics, research is
done especially in the three areas of Theory of Numbers (Quadratic
Forms), Partial Differential Equations (propagation of vibrations,
electromagnetic waves, heat pulses), and Functional Analysis (har-
monic analysis). The department has 281 undergraduate and 7
graduate students. With respect to the number of students, it is
the biggest department of the College of Sciences.

2. Department of Physics. Head: Dr. Heinrich Hesselfeld, svp

The Department of Physics has 196 undergraduate students and
8 graduate students. Significant research is done by faculty members
and graduate students in the areas of optics, biophysics, solid state
physics, and theoretical nuclear physics,

The department provides 10 large rooms for undergraduate ex-
periments, and 3 well-equipped research laboratories. A digital
computer, installed at Fu Jen University in 1971, has improved the
department’s capacity to train physicists and scientists. Interest in
laboratory work is stressed throughout the four years of under-
graduate studies by young and dedicated full-time faculty members.
The department tends more towards areas of Applied Physics (like
Electricity, Electronics and Laboratory Techniques) in order to
assure employment for graduating students in Taiwan.

Graduate work in physics leads to a Master of Science degree,
A thesis is required, based upon not less than four semesters of
graduate studies. Each candidate for the M. S. degree is required



Fu Jen Studies 3

to take an examination, written and oral, covering his graduate
work, including his thesis.

3. Department of Chemistry. Head: Dr. S. L. Lin

The Department of Chemistry now totals 192 students, distributed
among four years of undergraduate classes. Since the beginning of
the department, a considerable effort has been made in planning and
preparing the facilities for both teaching and research. At present,
most of the basic tool instruments are available, such as ultraviolet
épectrophotometer, infrared  spectrometer, atomic  absorption
spectrophotometer, gas chromatography, thin layer chromatography,
refractometer, liquid scintillation counter, high-speed refrigerated
centrifuge, etc.

All full-time faculty members and about one-half of the senior
undergraduate students are involved in research work. During the
past academic year, the research included five topics in organic
chemistry, two topics in inorganic chemistry, and one program in
physical chemistry. This research work provides the opportunity
for senior students to learn the use of periodicals, to design new
experimental procedures, to learn basic methods in research, and
most important, to deepen the knowledge obtained from classes and
textbooks,

A Graduate School of Chemistry is in preparation.

4, Department of Biology. Head: Dr. Franz Huber, svp

The Biology Department presently consists of 159 undergraduate
students. The aim of the department is to teach these students a
thorough knowledge in the area of biology and give them a good
training in laboratory techniques. After graduation the students
ought to be qualified to do research as well as teach. The faculty
of the department consists of 10 professors, 5 associate professors,
and 6 lecturers. The teaching staff is mostly on part-time
assignment, and all of them are nation-wide leading specialists in
their respective areas.

In its research activities, the Department of Biology selects
projects which can benefit the needs of the people in Taiwan. Work
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is done mainly on bihalves and fish infected with harmful parasites.
For this work most modern equipment is available. If a parasite is
detected, a dissecting microscope dissects and takes pictures at the
same time. Then a scanning electron microscope studies the
surface of the parasite in the finest details. A microtome is used to
study the parasite on the cellular level. An ultra-microtome makes
sections with a thickness of only 600 angstroms. These extremely
thin sections are then examined under the transmission electron
microscope on the subcellular level. In addition, a micro-
spectrophotometer studies the histo- or cytochemical aspect of the
parasite. All these various procedures used at Fu Jen University
give complete knowledge of the morphology of the parasite.

The Biology Department is also well equipped for studies in
Histology, Biochemistry, and Animal Physiology. Undergraduate
students have an opportunity to use the laboratories and the equip-
ment to their greatest advantage. The laboratories are open daily
from 6 a.m. until 10:30 p. m. all year round.

A graduate program is planned. The center of research will be
focused on Cytology and Mistochemistry, with special attention given
to bacteria, fungi, parasites, insects, and higher plants.

5. Department of Nutrition and Food Science,
Head: Prof. J. M. Tsiang

This department includes the nutrition section with 125 students
and the food science section with 166 students. The Nutrition Section
trains students for hospital dietetics, for nutrition research, and for
community nutrition extension work. Students trained for hospital
dietetics undergo a training period of more than five weeks in dif-
ferent hospitals which have been cooperating with the department
for several years. Under the direction of a nutritional biochemist
nutrition research in the department is carried out on the hormonal
response in rats with various nutritional conditions. The Food
Science Section prepares students for food industry operation and
management and for food science research. Students can sign up
for summer practice in food factories, food research laboratories, or
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food inspection institutes. Senior students are presently working on
different subjects concerning Chinese fruit juices, Chinese sausages,
the packing of Chinese salted vegetables, and storage tests on
Chinese food products. Plans for building a pilot plant for labor-
atory courses in food processing, packaging, and factory sanitation
have been made. This important department tries to meet the need
of the food industry in Taiwan, and tries to play a special role in
the developing program of the “Industrialization of Chinese Food”.

6. Department of Home Economics.
Head: Prof. Sr. Urbania Tueshaus, ssps

The Department of Home Economics was opened under the
College of Natural Sciences from the start of Fu Jen University in
1963. It has presently 182 students. Of the 714 alumnae who gra-
duated from this department, 480 now work in Taiwan: 102 are
engaged in research and teaching, 60 in various governmental and
private community services, 220 in business. More than 200 alumnae
went abroad for advanced study. Of these, 120 have obtained their
Master’s degree and 14 their Doctorate in various areas related to
home economics.

The department concentrates its teaching curriculum in three
areas of home economics: 1. Food Service Administration. This
option is for students interested in administrative positions in food
service systems such as in hotels, restaurants, and similar institu-
tions. 2, Child Development and Family Studies. This option is
intended for future nursery school diretors, teachers in day care
centers, teachers for handicapped children, family consultants, etc.
3. Housing, Equipment, and Home Management. This option is for
those interested in house planning and furnishing, in positions with
business firms, especially utility companies, etc. The Home Economics
Department operates in its own 3-story building which includes
well-equipped and functioning laboratories in the areas of food
service administration, clothing management, and family housing.
A 2-story laboratory for observation, research, and teaching of
Child Development is under construction, it will include a practice
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house ‘for experience in all phases of home-making. Emphasis is
placed on a balanced integration of theory and practical application.
The students of the Home Economics Department enrich their
experience in self-government. and team cooperation through editing
the departmental magazine My Home, My Love.

7. Department of Textiles and Clothing.
Head: Sr. Maryta Laumann, ssps

* The Department of Textiles and Clothing, established in 1970, is
the youngest of the seven departments belonging to the College of
Sciences at Fu Jen University. Besides offering basic courses of
natural sciences, the department extends its curriculum from tech-
nology courses to the social sciences, from art and design courses
to business related courses. The original purpose of the department
was to provide women with the opportunity to enter the professional
area of textiles in Taiwan, to supply qualified personnel to the local
textile and apparal industry, and to enable Chinese women to pursue
advanced studies abroad in the area of textiles and clothing.
 In keeping with the development of the textile industry in Tai-
wan, the department, beginning with this present school-year, offers
a more specialized program of study, which allows the students to
choose one of the following three options after completing their
second year of undergraduate studies: 1. Textile Designing. 2.
Apparel Design. 3. Textile and Apparel Marketing. The Ministry of
Education has welcomed this new plan of study, especially since this
department is still the only one of its kind in Taiwan.

The department has a present enrollment of 212 students. A
recent survey indicates that of the 111 graduates of this department,
4 are working in research institutes, 67 in private organizations
(factories, trade companies, sales departments), 4 in education; 27
are studying abroad for advanced degrees in textile areas.

" Though it is an undergraduate and young department, a limited
amount of research is carried out. Some good results, however, are
already obtained from studies on the effectiveness of local deter-
gents and their damaging impact on textile substrates. Research
like this will contribute = to raising the quality, improving the
labeling and packaging of local products. It also will advance
consumer information and education.
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Fig. 1. Total number of Science students at Fu Jen University up to the
present school-vear (see Table 1).
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Administration Building of the Colleges of Sciences and Foreign Languages,
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One of the Men’s Residences of the College of Sciences.

The Women's Residence at Fu Jen University,
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The Library of the Colleges of Sciences and Foreign Languages.
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The Departments of Home-Economics, Nutrition & Food Science, and
Textiles & Clothing,
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The Scanning Electron Microscope (JEOL 15), with Dr. Huber SvD,
Chairman of Biology.

= . S

The Transmission Electron Microscope (JEOL 1008).
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The Anpalytical Laboratory of the Department of Textiles & Clothing.
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A REFORMATION OF PICARD APPROXIMATION*

Y1-CHING YEN

INTRODUCTION

For a system of first order DEs of the forms

d?h

~az = L& Yy o Ya)

........................ (1)

i?’.lz",‘ = Ful2, Y1, oney Un)
or written in vector notation such as

iz =§'(z) = F(z, ), (2)
where G = (%1, «..r Un), fl, wevs fu), we define the length of
a vector 7(z) = (ni(x), ...,yn( as || = 27, Max |y;|, for every

x belonging to the domain of “y’(m). It is known from the Existence
and Uniqueness Theorem® that if F is continuous and satisfies
the Lipschitz condition for some Lipschitz constant L on a compact

convex domain

_{|$_$01Sﬂ
lpe— 38l <b:;, =12, ..., m {3)

of xy-space, i.e.,,

|F(z, ) —F(z, )| <LI3—%I,

Yl 7], .(»,2)ED, (4)
then we have a unique solution F(xz) of (2), x&lxy—h, 2, + k],
where

e by by
h-——mll’l(ﬂ, —M"“’ M)!
MZMaX‘ft(xsy)l’ i=1!2’ ceny B, (5)

—,

and %(x) satisfies the initial condition ¥(x,) =7%°, ¥° = (%}, ..., ¥%).

* This paper was supported by the National Science Council, Republic of
China,
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Picard had the idea of iterating an integral operator A':D!—D/,
D': |y — 1 <bi, i=L12 ..,1n, st
A@@) =1+ [ Flw, 9w))du, 7 =A@,
0
V= A =AT@), r=23 ...,

and showed that the sequence of functions {7”(x); converges to a
function #(z) uniformly on |z — x| <% satisfying the DE (2) and
the condition %(x,) = ¥°. The Picard approximation is formed by

the sequence {77}, .
Now we will show that by reforming the sequence {7} we can

obtain a better approximation than that Picard gave.

THE MAIN RESULT

Given an explicit form of n-th order DE.

YN e WY e U O (6)
which can be written as a system of first order DEs
alh =
dr ~ Y
d
_&% = y” = Y2
........................ (7)
QY-
f%mf 2 = yr-D =y,,,
Y-
’ %ﬁ = ’y(m :f(.'L', Y Yy vy yﬂ’l) ’
or
dy B St
= ?gf) = F(z, ¥(z))
with
'.17 = {y? Y1y ovny yn*l) 3
F(xy r:lj) = {yls Yoy + 0oy 'yﬂ*ls f(xs @)) ] (8)

a special form of (1) and (2). It can be shown that if f is continuous
and 8f/dy;, i=0,1, ..., n—1, exist and are bounded in the domain
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. {m —xl=Za
ly:— 9l <b:y, =01, ..., 2—=1, ¥ =%, (9)
then the DEs (7) satisfy the Lipschitz condition (4) for some
Lipschitz constant L and have a wunique set of solution
glzx) = (yolz), v1(2), ..., Yn—a(x)) which satisfies the initial con-
dition F(x) =7°= (9% % ..., ¥8_,), z€lzo— A, 2o+ k], Where

= mi ﬂ ,b”:}. ,i-,
h = min (a, M’ M’ 3L e.t.c.),
M = Max (ly(z) |, ..oy Wa=rl@) [, |f(2, F(2))]),
[l = a. (10)
Let a subdomain D’ of D be
D’ ye— 93 < by, =10 152 cnngm—dy, (11)

Consider the integrals
o) =+ [ohad, i=01 ..,n-2,
x
y];:—l(‘r) = 'y?,_‘]_"{_f f(t, ?/(I)(t), ey y}q_z{t)! y2:~1) dt ;
—'.U+f’!l:;i r=2 8 vany 1201 0 =2,

Yha(@) = ¥4y f%m, Ul s Vaoal®), VETHD)
z€[xg—h, T+ h]. (12)
Then
7 Hz) = (M=), ¥17N=), ..., ¥;Zi(2)) €D’
implies that %" (x)e D', since
wite) =t = | [zt a| < | [Tz dt | < Mr <,
1= 00 15 e s B 2
and
v (2) — 954
|
= [ [A w50, .y Vial), wizHO)
0

[ £* r r r—
S‘.[;o If(t" yﬂ(t)’ LRI ] y”-‘z(t)! y"f;(t))ldt
SﬁMthn‘“ls ?‘:1, 2’ ot
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For two mappings A, B of D’, such that

Ay () =9 (x),

By (2) = (0" (Z), oo Yiiile), oo lE)), =012, ....
A, B are mappings of D’ into DI,
A, B also bring two points closer together, since

|By" (z) — By*(x)]

|y1’+2 —?JSH(-T); csey
iRty =gt i), v (2) = v (2)]

n—1
= 3 Max
i=1

L i) — wo) de| + Max [y (2) = (2)]
<"S LhMax |y;(2) — (@) | + Max [¥;_,(®) — ¥4_,(z) |

n—1
< E‘o Max |¢i(2) —yi{z)] = 17" —F°(2)],

for small % satisfying

h(Max |y}, _ () — o5 _,(2)])
< Max |yj(x) — yi(x) ]|, 2LE < 1. A7 (]

|AY” (z) — AY* () |
= Ui el =g (g, ovun ?f,,*i(-’L‘) —¥ati(z))l
- 2Max|f (v —y(t))dt
4 Maxija;o L2, BE" (1) — fit, B@"‘(t})]dt!
< Lk (S Max [y(2) — yi(2) | + [BF" (2) — By (2)])

n—1
y (13), <Lh (E Max [¢i(z) — yi(2) | + 7" (z) — §°(x) !)

by (10}, < [§le]=¥(2)l, |e==]=<5. (15)

Thus A, B are two compressed mappings of D’ into D’. Hence
{Ay"iz)}, {By"(x)} converge uniformly on [z, —5%, o+ k] to
%(x), Z(x) respectively, which are stationary®, i.e. Ag(z) = 7(z),
BZ(x) = 3(x). But ' A7 (=) = (g e), s, vt H ), - Byt x)
= (i (x), ..., yiriE), v, (@), With limyae ¥, _; (@) = lim,ae ¥ 1 (x)
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imply that ¥(z) = Z(x). The stationary condition with F(z) = Z(z)

gives y(x) =7+ A f(t, (¢)) dt. This means that F(zx) = (y(z)
[}

v(z), ..., yu—1(2)), which is unique, satisfies the DE. (8) and the
initial cond;tmn Y(x,) =% In other words, there exists a unique
solution y(x) of (6) satisfying ¥ (z,) = yh t=0.1, L =],

The sequence {%"(x)} is our reformed Picard approximation. It
is more accurate than the Picard method, since for the (7 -+ 1)-th
step approximation of ours,

¥ ria) =+ [CF, BE) ar,

while the Picard approximation is

r+1 _I_f If

We will show that the length |B%"(x) — %(z)| is shorter than
|97(2) —¥(x)|, so that F(z, By"(x)) is a better function of
F(z, ¥(x)) than F(z, §"(z)). Since the domain of 7(x) does not
exceed D/,

|BY" (x) — g(x)|
= [(gp* (z) — yo(z), ...,
At )—yn~z(:c) Yo 1(2) — Yn-1(2)) |

=7:2:1:Maxu (w3 () —y,(t))dt + Max |y, _;(2) — ¥a-1(2)]

n—1
= ‘%Lh Max |y(x) — yi(2) | + Max |y}, _,(2) — ¢yp-1(2) |

n—=1

< 2 Max [yj(z) —yi(x)| = [§"(x) — G(x)]
whenever % is so small that

Lz (Max |?l,, 1 _yn =1 CC)I) = H'yo -17) = yo(-T?)l ] (16)

% in (10) must satisfy (14) and (16).
We conclude the above result as follows:

Theorem. Let the explicit form of the #n-th order DE

Y= Ll ey =)
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be such that f is continuous and 8f/8y‘"> exist and are bounded in
the domain D defined by (9). Rewrite (6) as (7). Define %}(z) as in

(12), let 3" (x) = (vi(x), ¥i(x), ..., ¥,_.(x)), then g{(x) converges
uniformly to a continuous function y(x) which satisfies the initial
conditions ¥y (z) =99 i=0,1, ..., n—1 z€lzo—h 2+ k], &

is defined as in (10), (14) and (16). The sequence {F"(z)} is a
better approximation of the solution function F(x) than {7"(x)}
obtained by the Picard method.

EXAMPLES

In the following examples we give the approximate solutions of
the DEs by our reformed Picard method, Picard method and the
Maclaurin series of the solutions of the DEs in order to compare
the accuracy of the former two to the latter. In this paragraph,
we do not need so many indices as were used in the previous chapter.

Example 1. o' —(1+z)y'—y =0, y(0)=1=¢'(0), ¥"(0)=-1

Sol. Let Y=z, Yo=1,
zZ=u, z=1,
then ' =(14x)z+4v, o= —1

By our reformed approximation,
nir) = 1+j:dt: 14z,
2 (x) = 1+_ﬁx-—dz‘=1—:vr

w(@) = =1+ [ [A+O0—1) + Q+0]dt

a3

p— xz S B
= —1+2z+ 5 — 5

- 3 3 _z
'yz(m)—l-i-fo 1—-fdt=1+=x 5

x tz 13 5 e mé
@) =1+ [(-1+2+5 —F)d=1-z+2+ T — T3,

w(z) = =1+ [+ —t+f2+“—ﬁ)+(1+t—— Jar

Nl Txt Fid o
~14+ 8+ G~ + 5+ &~ 7
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z? w‘ x5

w@) =1+ [ nBd=1+s- 2+ 2 4 2 T
= 3 ;e g Vi #5 16
#) =1+ [7(=1+ 2+ 5 — G+ g+ gy~ )

— = 2 il T _ai._i
alde o 24+120+360 504 *

walz) = .
#1+f Zs
o _ﬁ 2. @ &5 Txt 2 28
=ld+e—"5+3+or— 190t 720 T 2520 — 2032 -
By Picard method,
i) =1+ [ dt=1+u,
a@ =1+ [ —at=1-uz,
_ * -'172
mz) = —1+ [T11+8) 1+11dt= =142 + 5
0 y4
e s E ozt
B@) =1+ [[A-pat=1+z- 5,
_ A tﬂ _ .3[',‘3
m)~1+f0 (-1+2+-5)dt=1-2+2*+ T,
Aal) = =1+ [TLA+00—8) +1+1at

2 3
=—1+2x+£2———"%—;

& 4

?s(w):1+f ZL(t)di=14+z— 2 + +§4,

3 4

—1+f ita(t f~—1—x+xz+ & ﬁfz,
its(x) = .

22 Xt x5

57 xt
y.g.(w)#l-l-f 2a(t)dt=1+2— 5 +F5+57— 55"

_ e LAt RS
yl@)=l+e—F+3+or— 1+t 1260 T 13400 T -

in Maclaurin expansion.
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Example 2. ¢y = —2zy' + 2, %(0) =0, %' (0)=—1

Sol. Let Yy =2z, Yo=10 }
then gd'=2xz+ Yy, zo=-1

By our reformed approximation,
wiz) = [ —dt =
. # 2y gf = — sy T,
z(xz) = 1+f0 (2t + ) dt = =1+ 2* + T ;

"’”(‘“)Zﬁx(—”f“‘?)dt:—x+%3+1£;-,

alz) = -1+ [[-2(-1+2+ %) +(—t+ % = ;—;)2]dt

_ x ozt 4xd xf x°
LS o St 36+63+144+1296’

() = [ a(t) at

5, zt 2 22 a7 _a
= —a+% +12 1045 252+=04+1296+12960'

By Picard Method,

hi@) = [ —at=—

v

a(z) = =1+ [ 2tdt+ 1+,

xs

Fala) = fu u)dt = —z+ 3,
x 3

Biz) = =1+ [ [—26(-1+8) +£ldt = 1+ 2+ 5 — 5

- [ _ e

while the Maclaurin series gives

_ at i 208
Vo = -2+ T+ -5 G

4 Sat bl s, 1928 coad -, 1Tl o
252 T 1260 ~ 540 ' 453600
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Example 3. ¢ +axy'—y=0, y(0)=1, »'(0) =2

Sol. Let Y=z, =1 }
then Z=g=—z, 2=2

The reformed approximation is
wl@) =1+ [ 2at=1+22,
z(2) =2+j;z(1+2t—2t)dt:2+m;

¥ 2
'ya(x)=1+j; zl(f)dt=1+2w+%,

Zz(x)=2+j[;x|:(1+2t+t72)Hf(2+t)]df=2+m—%a-;

x 2 4
n@ =1+ [Cama=1+2+% -2

o=+ [Tlros § ) —1(os1-£)]a
y.;(x)=1+j;’z3(z)d¢=1+2x+ﬁ;-—§—2+?‘fl%,
=2+x—%3—+%g-—%;;

we) =1+ [fawa=1+2+ 5 T L 2 _ &
The Picard method gives

Bz) =1+ [T2dt =1+ 220,

Zi () =2+f01(1—2f)dt=2+w—x”;

() :1+j:21(t)dt:1+2x+%2——%8,

() =2+ [[1+2—t2+¢— )] dt = 24z— L 45,

x 2 4 5
B(2) =1+ [Tnndt=1420+ 5 - L 4 20
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tal@) =2+ [ [1—|—2t+3;-——ti—t(2+tr—j;r—?——?):ldt

3

4 2 =* 28 @t

=2+tr—F -5 ti5 91’

4 5 6 T
o) =1+ [[atdt=1+2w+ S -2 24 5 - Bo,
Zq(w):2+fux[(1+2t+'2 12+2ﬂ;)
—-t(2+t——§—-—t4 ts ]dt
=9 z? 558.
= Eihb i ey T 105+192'

golw) =1+ [ z(t) dt

” z? _ LA A A W
=l+2z+-5 4"'360 315 — 840 T 1728 -

The Maclaurin expansion of the solution is

i z° e DR

Example 4. o' — 23y =10, y(0) =1, %'(0)=0

Sol. Let yt=2z, Y= 1 }
then 2l=xy, 2=20

Our approximation gives

vi(z) =1+ [To0at =1,

=J;xt3dt=~'?—;
wi@) =1+ [(amya=1+2,
wo- Lot e T4
(2) =1+ [ a0 t—1+20+1'§000,

xlel

z(x) = f (1 cs 2{) + 13()())‘111 4 + 180 + 25200 °

15
wla) =1+ [T 21 dt =1+ 55+ S5+ 3700
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The Picard method has the results
Bilz) =1+ [Todr=1,
* 3, .T* .

2(x) = ﬁ rdt=2-;
Jg(x—1+f dt~1+20,
x xi .

= ‘]; pat I
~ x ms
Balz) =1+ [ 4 dt=1+3;,
= L T T
2(2) = | f*(1+ zo)df~ e
) ‘EIO
gu(z) =1+ [ ( +180) =145+ 1800

The Maclaurin expansion of the solution function is
'_ z5 20 215
vel=l+y s +rg. 0w t s 0. B T

.7[715

N
=1+ 55+ 1500 * 37800 T -

In this example, if we continue the approximation process, we can
get every term as exactly as we have in Maclaurin series.

From the above examples we see that the reformation of Picard
method gives a more accurate and quick approximation of the solution
of the DEs.

REFERENCES
(1) Birkhoff & Rota, Ordinary Differential Equations, 2nd Edition, Blaisdell

Publishing Co. 1969.
(2) L.E. El'sgoltz, Differential Equations, 1961.



24

“The fruits of science did much to make our civilization worthwhile;
now only political leadership combined with yet more science can

save that civilization.”

Philip Handler in Biology and
the Future of Man.



o

25

HIGH ENERGY MULTIPARTICLE REACTIONS
AND STATISTICAL MODEL

JEN-I CHEN

ABSTRACT

A simple statistical model for high energy multiparticle
reactions is proposed. The total cross section, single particle
inclusive spectrum, multiplicity, and angular distribution of
partial cross section are analyzed and compared with ex-
periments. The theoretical results are found in good con-
sistancy with experiments.

I. INTRODUCTION

There are several reasons for the pursuit of the very high energy
behavior of hadron physics. First, most physicists believe that in
the high energy limit, the strong interaction of hadrons is much
more simple and exhibits the highest symmetry of nature. Many
theories have been proposed and results were predicted in this limit.
This is simply an approximation due to the power series method in
mathematics. Any physical quantities of high energy collisions may
be expanded in a power series of the collision energy s, with coef-
ficients which are functions of other variables, including rest masses
and characteristic quantum numbers of particles involved. In the
limit of s—>0 or s— oo, the lowest or the highest term respectively
will dominate. The limit of s=0 can not be reached due to the
finite masses of stable particles. Approximate analysis in the un-
physical region (i.e. s=0), such as the soft pion calculations, have
produced fruitful results. In the high energy limit, a large number
of particles is produced in the final state and each has an energy
much bigger than its rest mass, thus rest masses and other char-
acteristic quantum numbers of individual particles are immaterial,
and so the coefficient of the dominant term looks even more simple.
Secondly, since the study of low and medium energy behavior had
been almost done and did not produce a good theory of strong
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interaction, people are looking for additional information from higher
energy region. Besides, a consistent theory should prevail at any
energy. Thirdly, some countries are rich enough to finance giant
accelerators, and experimentalists are happy about it. But where
is the high energy limit, above which nature shows its simplicity
and highest symmetry? This limit depends on various models. If
some model is found to be consistent with experiments, the author
may claim that the limit is reached.

As the energy of collision increases, the number of particles
produced is so large that it causes complication in data analysis
and partial collection of data in experiments. However, there are
several important empirical rules concerning the nature of high
energy collisions, which are well accepted as basic criteria of any
theory., They are

(a) The total cross sections approach constant values in the
high energy limit.

(b) For multiparticle reactions, transverse momenta are usually
small. The average value®-? of the transverse momentum p. is
about 0.3 to 0.4 Gev/c, and almost independent of the incident energy,
and does not depend strongly on the type or the number of particles
produced. However, recent experiments®-7 discovered some, although
not serious, large transverse momentum phenomena in wide angle
scattering.

(c¢c) Low multiplicity of particles produced: The average number
of particles produced grows slowly with energy—much more slowly
than the energy available. Experimental fit® shows that the multi-
plicity of charged particles goes like

Meny=Alns+ B (=15

where A, B are constants and s is the collision energy in the CM
system. Considering the smallness of p., it means that most of the
energy available is carried away by particles in the form of large
longitudinal momentum.

In high energy multiparticle reactions, the number of particles
produced and the number of channels available to the final state are
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so large that a precise analysis is either impossible or impractical
due to imcomplete data collection or mathematical difficulty. It is
quite natural to resort to the statistical method. The first statistical
model of high energy collisions was proposed by Fermi.®-'® It was
refined and developed by Hagedorn and collaborators®—!®, which is
too complicated and has left many areas untouched. The essence of
statistical model lies in the assumption of “equal probability” of all
channels available, neglecting all interferences of different states.
For low energy collisions, selection rules corresponding to conservation
laws of quantum numbers play an important role. In high energy
collisions, the number of particles and the energy acquired by each
particle are so large that the effects of these selection rules and the
characteristics of an individual particle become negligible. So that
it is quite natural to assume equél probablity for all states permitted,
unless experiments show any perference. _

In this paper, a simple statistical model of high energy collision
is proposed to explain and examine the total cross-section, single
particle inclusive spectrum, multiplicity, and angular distribution of
partial cross-section.

II. GENERAL IDEAS AND BASIC ASSUMPTIONS

Our model is based on the following assumptions in a simple
picture.

(a) A particle is a sphere (or region of interaction) of finite
radius at its rest system. Experiments have shown that particles
do have certain sizes, although their inner structures are still not
clear. The final solution to the strong interaction theory will inevi-
tably be related to these inner structures.

(b) The collision of two particles is considered as the following

process,

I‘\ o
®o00Og
a0 O3>

> £0O O ~a

- —_— <
> Interaction Fireball

o
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First, two particles interact with each other during overlapping and
thus form an excited state called “Fireball”—a thermodynamical
equilibrium state of hadronic matter. Then the fireball decays into
various final states accessible according to the statistical distribution
of thermodynamics. Accordingly, we assume that the probability
for this process is equal to

Probability of <i|fy=1;-Fy 20

where I; is an interaction factor, F; is the statistical distribution
function of the decay of the fireball.

(c) The interaction occurs only during overlapping. In other
words, we assume that

L= [ Hdzdydzar (3)

integrating over the volume and time of overlapping, H is some
interaction function. The simplest choice is H=constant. In general,
I; depends on the radii of interacting particles and the incident
energy.

(d) F, is a normalized distribution function of the fireball
decays, which is assumed to be equally probable for all final states
available. Here we use a semi-empirical mass density spectrum®®
to take into account the mass degeneracy of all hadron states,

p(m) = cm®ebm, a=——gm. (4)

IIl. INTERACTION FACTOR AND
TOTAL CROSS SECTION

Let us proceed to investigate the interaction factor through the
assumption (3), and for simplicity, take pp scattering as an example.
For the scattering of particles of different kinds, the result is similar
except two radius constants are involved instead of one. In order
to calculate the I; factor by (3), first we should know the relative
velocity of two particles during interaction, which is in turn
determined by the interaction itself. Since the dynamics of strong



Fu Jen Studies 29

interaction is still unknown, further assumption about the relative
velocity or its overall average effect is necessary. For this purpose,
Feynman®® introduced a distribution function of partons, while
Hagedorn®® used a distribution function of local velocity of fireballs
to account for the average effects of the relative velocity change
during interaction and different impact parameters. Here we simply
assume that the particle moves as a whole with constant velocity,
even during interaction. This may be over simplified, but the result
is expected to be correct qualitatively and pretty close quantitatively.

Let m be the rest mass, and #, the radius of the proton, v =p/E
and 7= (1 —9?)-¥2 1In the case of H = constant, which is similar
to the square-well potential assumption, the interaction factor is
found to be

I;

Il

const. f dz dy dz df = const. f V(¢) dt

Il

At g L0008
const. 7 j(; [24 Fat g il

Yo il
+ 2 (roe) — o (Tut)3] dt

= 167 76
= const. g5, {5 )
oc % -0 as E—

This result is obvious if we calculate the invariant integral in the
rest system of one of the particles instead of the CM system. Then
as E— o, the other particle will contract into a thin disk without
volume, and so V(#) =0 and I; =0. Since F, is a normalized final
state distribution function, from (2) and (5), the total cross section
is proportional to I;, which would approach zero as 1/E* as E — oo
This prediction is not favored by present experimental data, if not
completely excluded.

Alternatively we assume that Hece ee,, and e, e; are energy
densities of two particles respectively. Energy conservation requires
that e; = eo71, where e, is the rest energy density and 7, = (1 —v}) "7,
and so on. In pp collision in the CM system, e = & = g7, so that
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I; = fslezdxdydzdt (6)
= (eo7)? [ dw dy dz dt
_ 3m*
i ;:;?const. (S

This leads to the result that the total cross section decreases as the
incident energy increases, and approaches a constant as E—co, in
good agreement with experiments. Hereafter, we will base our
analysis and discussions on the second assumption, i.e., H ccg; g5

IV. MULTIPLICITY AND PARTIAL CROSS SECTIONS—
PHASE SPACE CALCULATION

Now we proceed to calculate the F; factor by microcanonical
ensemble, that is, all final states available are equally probable.
Usually, various selection rules determine which states are available.
However, as reaction energy is large enough, the multiplicity of
products is so large and each particle produced will have such high
energy that its individual quantum numbers are irrelevant and the
effects of selection rules are negligible. Thus the probability for
a n-particle final state F, is proportional to the corresponding phase
space volume.

(A) Without mass spectrum consideration: If we assume that
in the CM system (take Z=c¢=1)
B = [ e

n! J a1

where n! is a factor for correct counting and N is a proportionality
constant fixed by the normalization condition, 3}, F, = 1. Note this
is justified only for high multiplicity states, for low multiplicity
states, selection rules should be considered. The overestimate due
to counting two or more fermions in the same state is only slight.(®
We will evaluate the integral (8) by dropping the restriction of
momentum conservation >;p; =0, which is usually fulfilled in the
CM system for a system of many particles, and neglecting rest
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masses of produced particles since each acquires energy much larger
than its rest mass. Integrating over all angular variables, we get

ooy #dpad (B~ Sp.) (9)

The integration can be done through the iteration of a typical
integral

2y bl e SR Pyt S
and the result is
LN E3V\» i
Foep () AT Bn — 1)1 (A

The partial cross section o, of the =m-particle final state is pro-
portional to F,, i.e.

_On_ N (___E?V,)” - 1

Trot, = F":F i'lf2 3’)2"‘"1)!

The most probable multiplicity at fixed energy # is determined by
(@/on) F, =0, i.e. where F, becomes maximum. The value of # is
found to be,

B VE? \ /¢

= [N R

7= 27n==) E? (12)
which agrees with Fermi.®® The growth of multiplicity with energy
is too fast to be consistent with experiments (1).

(B) With Mass Spectrum Consideration: In order to overcome
the difficulty of (A), we must introduce a mass spectrum function
to take into account the degeneracy in mass observable due to dif-
ferent states of spin, charge, strangeness, baryon number etc. The
mass spectrum p(m) is defined by the property that p(m) dm is
equal to the number of different hadronic states with mass in
(m, m -+ dm). Hagedorn®® and Frautschi®® have obtained the
result
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p(m) = cm®etm i (13)

with a= —5/2, and b~ (160 Mev)-!, through the statistical boot-
strap model. Dual Models and Veneziano models®® produce a similar
form. The low energy portion of (13) has been fitted to experi-

ments®® in such form
p(m) = c(m} + m?)~5* Exp. (m/T,) (14)

with ¢ = 2.63 x 10* Mev®2, m, = 500 Mev and T, = 160 Mev.
Taking the mass spectrum (13) into account, the statistical
factor for the # particle final state is

Noye
Fo = N () ar &1, dmsotom)
[ ap;0E - SE) B i)
SiapuleVor T
=N @)l ‘]I fdm me e’ mi

- [ a5, 3(E — S E:) 0%(Z pi) (15)

where N is a normalization constant. The lower limit of the m;
integration can not be zero, otherwise the integral diverges. Setting
E; = m; 4+ Q;, in terms of kinetic energy Q;, the exponential factor

becomes
‘filebm; = pblZmy — pW(TE;-F07) = ebEi]Ileka; (16)
and
{(cv)= iﬂ a
=N (2m) ‘ldflfdm‘m

-fd"}?se‘beB(E—EE:)33(2?:) (17)

The integral (17) can be evaluated only approximately. Consider
the relation between momentum and kinetic energy

P =E:—m’=2m; Q: + Q (18)

Since the momentum integration is effectively cut off at Q;~b"1
due to the factor e—?%9i, the integral favors large m;. For large m;,



Qa

Fu Jen Studies 33

we can approximate p; 7~ (2m;Q;)? and thus the integral for the

ith particle has the approximate value
Ii = fa’m.- m;.’fd‘*p,-e—“’i
y © e
:f ‘dm:‘ mga-a,rzf 4?”/' 2 Q_—Uze—bqidQ’,
my 4 (1] U

o~ (22)" 1o A (19)

gy

where the upper limit A; is fixed by energy conservation. So that

o (6T P AT pmysa-bnst g,
By N 22— () min (5,0) i
S 4=E

where A;¢® jis the integration of the mth particle considering
momentum and energy conservation, F, is maximal when A4;~E/n,
and so is of order
ot N g R See cV B et
Fa=N (27)8 (n) ;e'( ____ = nmu) (21)
For high multiplicity reactions, the most probable multiplicity #
can be obtained by the condition (8/6#)InF, =0. With the aid

of Stirling’s formula and neglecting the terms of order Inn/n, we

get
"N__LIH_E_._.N CV.IH_E_
B="02m0) 7 ! iim, — (220)5% T T,
~Alns+B (22)

with s=E% A =¢V/2(2zb)%* and B = —2AInm, Equation (22) is
consistent with experiments (1).
In terms of #,
~ —5/2 Sn—-1
Fha i (tR s (23)

(27)° \'m Tl

The normalization constant N can fufther be fixed through the

approximation of the saddle point method,
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o
:’[m By d
~[mrgr] m
~Ne' e (In fﬁ%)”l (%)—”2 (24)

Eliminating N from (23) and (24), we obtain the result

- sy T (2)

ot n! Rl

which is almost the Poisson distribution except for the factor (n/#)%?
which should be dropped for consistency of the approximation made
in (24), otherwise the right hand side of (25) would not be exactly
normalized to unity. This is surprisingly in good consistency with
experiments?” in view of rough approximations we have made in

calculation.

V. MULTIPLICITY—GRAND CANONICAL
ENSEMBLE CALCULATION

For numerical comparison with experiments, we will calculate
the average multiplicity again through the grand canonical ensemble
and under better approximation. Considering only central collision,
the total angular momentum is zero. According to quantum statistical
mechanics, the average number of particles in a state of energy e
produced in the volume V of the fireball during decay should be
proportional to

1
=T (26)

with constant 3 fixed by the condition that the total energy of
particles produced is equal to the energy E of the fireball. Here we
use the formula for bose particles. It will be shown in the following
calculation that the type of statistics of the particles does not matter
much in high energy collisions. The average number of particles
of mass #m and momentum p and energy e is given by



Fu Jen Studies 35

V. pim)dmd®p
(2m)® et —1 !

dn = e’ = p* + m? (27)

For avoiding the complication at the lower limit of m-integration,
taking p(m) as given in (13), the average total number of particles
produced becomes

® dn ptdp

pyy S e
A= oy fmodm”(m) e =

o+ o =]
= Vo [ ammreon [T dppre-ioe (28)

m

For fermions, the series in (28) is alternative instead. The ap-
pearence of fermions in the final state would at most correct the
second term in the expansion, which will be shown to be negligible
in comparison with the dominant first term in the high energy limit.
For the same reason, we will take only the first two terms for
estimation. Change variables,

e=mu, p=m/ut—1 (29)
then

7L = j‘g? f:: dm mi2egbm gl, (30)
with

Ir= Lm duu b —1 ¢-tamn (31 )

= [T aulu+ D)Vu T T/ w e tomcard (32)

The maximum of the integrand of (32) occurs at w <2 if Bmy=1,

the factor v + 2 can then be approximated as
e — u u®
|/2+u ~yv 2 (1+-4——‘?2-+...)
Thus

o = 2
Ipregiim j; dulu + r) u* v 2 (1 EE -i_ = %‘ﬁ) e—18mu

R 15 105 .1
~v' 2 ¢ Upm)*r (1"' 8IRm + 198 (IBM)Z)

(33)
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If we substitute (33) into (30) and keep only the first two terms,
we obtain the average number of particles

i~ - 105 105z
o (27:3 e [E (x) o> (SBmo + SE5(amaT ~ 56(Am )2)
i (8;310 B 256"}((?;;0)2 fo(x)]+ (B—>28) (34)

where z = (8 —b) m, and E;(x) is the exponential integral defined

as

E;(z) = f:’ E’;' dt (35)

It should be mentioned that 8 can not be smaller than &, other-
wise the integral (30) diverges. Actually the value of B, as deter-
mined from the energy relation will be derived later, is larger than
and about the value of b, and approaches to b as E—>oco. Given
b =1/160 Mev, the factor fm,=1 if we take m, either as the rest
mass of pion or 500 Mev as (14). As E—o, =0 and

) 7 (.5, 105
e [-—Inm—T +x+e (E@E + 256(.@”’#0)2)

@ Eilw) | + (8> 28)

= Ban

BN L o _ v i ds o - J05
= (2np)E {-lnz—7+z+e (SBmﬂ + 256(15’m0)2)

o ‘ __1___ 13
Sim ® Bi(@) + 5[ 5y

1 1
Lot | 16;9% = 103m0):|} (36)

where 7 is the Euler number 0.577. The second term is quite small.
For z = 0.1, it contributes less than 522.
The total energy of particles produced is given by

E; (Bmo + )

E=-ir L) dmasp (87)

cV y i
= Lodmm—“‘e""‘g‘l 1 dp pree!Fe (38)

by changing variables as (29). We follow a similar process and
approximation, and reach the result,

]
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~giiieV: et 27
EHTQ;B)"W mo[ + 2o, Eil{z)
+ grpys (e7F = o Bala) ] + (B >28) (39)

As 2—~0, E—co and
Ny Fem% 2T
£ gmgyer Lo+ gom, 0

+ 3Ta0E (e — o Eula))] (40)

and

1nEg1n(Trfg)37mﬂ—1nm—x

L 1 e 45_ =% - "
+ wer [ gar—Bi(a) + granay 6 = 2Eila))]

From equations (36) and (40), as x—0, the average multiplicity

becomes
fi~Alns+ B (43)
with
cV
A= 2(2rB)°E (44)
B = 24 {— In2Am, — 7 + 2z + ¢~ (&};0 Es 256%2;;0)2)
L A5 wadid 13
—-—Fmo—-2x 15 e 1 - 1_
e=h (16Bm0 105m, (1 an))]
< 20 45 ™l
—ze [Eﬁmo Ei(2) + grgmye (6% — @ Ei(#) )]} (45)
15 105

The result of (43)-(46) is the same as that obtained from direct
phase space calculation (22), except (46) gives a more accurate
value of B. Another important point is that among the two const-
ants A and B in (43), only one is independent. And (46) provides
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the relation between A and B. The multiplicity distribution of the
grand canonical ensemble is a Gaussian distribution around #, in
contrast to the Poisson distribution of (25). This is no contradiction.
As E increases, # would be so large that the Poisson distribution
will approach a Gaussian distribution in mathematics. Physically
the grand canonical ensemble is equivalent to the microcanonical
ensemble only in the same limit where terms of order Inzn/z are
negligible.

The average multiplicity (43) is in good consistency with the
form of experimental average multiplicity of charged particles (1).
It is interesting to see how the two constants A and B fit, and how
accurate the relation (46) is. The results are given in Table 1.

Table 1. The Average Multiplicity <{#) = Alns+ B

A B
. 0.97£0.33 0.28+2.00
Experimental®  {nch.)
(L) 0.91+£0.05 0.79+£0.20
eop | M=1l40Mev 6.74 ( 156)
300 2.58 1.95 (—0.14)
E—c
500 0.13
; o Do A 2.11 3.20
Theoretical E = §3Gev . . .
5 |
T M 234 0.96
& =0. . .
E =9,3Gev
e i 2,55 0.34
E =13 Gev : '

The numerical results of Table 1 are obtained under the follow-
ing conditions: (a) Experimentally, only charged particles are
observed. The entry (L) indicates that low energy data are included.
(b) In theoretical calculation, we take the volume of the fireball
V= (4x/3) R®* and R~1/m,, b-1=160Mev. (c) B is calculated
from (46). (d; Furthermore we take A~ Aexp.2~~1 in evaluating
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B and E, otherwise the values of B and E should be multiplied by
a factor of A. (e) The entry of 2 =0 corresponds to E—oco. The
limit is effectively reached if EZ=100Gev. And the x =01 entry
is corresponding to low energy results (E ~10Gev) given for com-
parison. (f) The values of B and E strongly depend on the 4th and
last terms of (45), which are neglected in Frautschi’s method of
approximation (19) and the corresponding values of B are given in
parentheses.

From Table I, we make the following observations: (a) The
value of A is consistent with Aexy. in the order of magnitude,
despite the rough estimation of V. Furthermore, since # includes
neutral particles as well, if neutral particles and charged particles
are equally popular in p(m), then #>~2mean.> and A~ 2Aep.. The
predicted value would be very accurate. (b) The value of B is
strongly dependent on m,, and decreases drastically in the lower
energy region. Unfortunately, s, can not be precisely determined
by p(m) in the low mass region where the discrete spectrum has
been approximated as a continuous function. For a more accurate
test of the relation (46) between A and B, the contributions of the
lower discrete portion of p(m) should be calculated seperately. The
predicted result will fit experimental values at m,~~300Mev. (c)
The slight increasing of both A and B with energy is consistent
with experiments. Note that in spite of inaccuracy, Besp. at high
energy limit should be larger than its value at low energy, since
the slope Aexzp. of the curve <{men.» is larger at high energy limit.

In conclusion, the results (43)-(46) of our model fit very well
with experiments both in the form and numerical values.

VI. TRANSYERSE MOMENTUM AND SINGLE
PARTICLE INCLUSIVE SPECTRUM

Since the complete display of dependence on all momenta is
impractical for high energy multiparticle reactions, the most im-
portant quantity usually quoted is the single particle inclusive
spectrum. In the process
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a+b—-c+X (47)
with momenta
Do+ Dy Pt (48)

where X stands for whatever else produced, the unpolarized single
particle inclusive spectrum is defined as

F(pu, ps, s) = Esld®a(a + b —c + X)/d*p] (49)

Organization of the data on single particle inclusive spectra has
been greatly facilitated by the scaling and limiting fragmentation
hypotheses. The limiting fragmentation hypothesis®® assumes that
F(pu, p1, s) approaches an asymptotic limit for large s, i.e.,

F(pllj 29.1-: S):F(?Ih pJ-) (50)

as s becomes large if #, is held fixed. This is partially confirmed
by experiments. While the scaling hypothesis®® says that as s— oo,

F(py, Pr, 5) = F(z, pa) (51)

where x = 2p%/s?, and p¥ is the longitudinal momentum in the CM
system.

According to our model, the probability for producing a particle
of energy e in the fireball decay is equal to

J(e) = const. (52)

efe + 1

(— for fermion, + for boson), where the constant 8 can be deter-
mined from (39) and written in terms of the incident energy E.
From (40), as E—~o, £—0, i.e., B—b. In other words, f=5
~1/160 Mev. For hadrons, m = 3~!; since e?= p%-+ m?, thus f=>1
and so

fle) ~ const. Ve #¢ 53 )

In the CM system, the kinetic energy of a produced particle is
about the order of B-! according to statistical mechanics. Or

_£>~_3_- g
om/ =7 BT S 5 b
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The transverse momentum p,, which is invariant under longitudinal
Lorentz transformation, is equal to

B> = P> Smb (54)
or
(D < 1/— <04 Gev/c (55 )

if m taken to be 1Gev. This is in good agreement with experiments
as quoted in section I. The smallness of . is due to the exponen-
tially divergent mass degeneracy (14), which implies that =5
~ 1/160 Mev.

From (52) and the basic assumption (2), the single-particle
inclusive spectrum can be written as

F(pu, pu, s) = const.e I;—, (56)

v
efe 41

3
~ const. I,-eVe-ﬁ@u”ﬁ"’z’”z (57)

where <{p%> and {p2> are of the order 8-%< (160 Mev)? in the CM
system. When transformed to the laboratory system p. stays un-
changed, while p, becomes the order of e. As s=E?—>co, I;—const.
and f—b. Since V is s-independent, the single particle inclusive
spectrum (57) satisfies the scaling and limiting fragmentation pro-
perties (50)-(51).

Recent measurements®-7 of large transverse momentum (p. > 1
Gev/c) phenomena in wide angle scattering seem inconsistent with
the exponential law (53), if V is s-dependent as in Fermi’s model.
Meng®® had found that these large . phenomena can fit (53), if V
is assumed to be s-independent as in our model, and 8 is propor-
tional to s~Y® as obtained from Stefan’s law. In other words, above
mentioned data can fit the formula for # = 90° obtained from (53)

In - d 7 (8 =90°, p., s) ~ const. p, s~/ (58)

P

for energies in the interval (23.2 Gev~62.4 Gev).



42 High Energy Multiparticle Reactions and Statistical Model

In our model, this must be calculated from (40). For large 111

we keep only the first term of (40), and obtain
B:b+(_n"_)'32"*Ef (59)

By (44), ¢V/(2z8)%2 = 2A. In terms of Gev units for energy, taking
A=Aup~1, and p-1~016, one obtains

A
IS oy va
10-",
—28 2
10 o v, ALL POSITIVE PARTICLES
°° (12<pr <3 GeV/c)
¢
I 107 #°
2 i o
.sf_:_ % © 23.2 GeV
dp T§ & 304
v ° 414
3 1071 T
|
't
: 1
10-2 v 107 |
L L T T r prs
B ; 05 10 15
dée
dp*
v
o ¢
[-Y
10-30-
|
31 &
10— T T T T T

10 B+s~HpL

co |
o

3 4 bi =B 7

Fig. 1. Single particle inclusive cross section for all positive charged
particles at @ = 90° in the CM system plotted according to (a)
modified Fermi’s model and (b) our model respectively, with
v's in Gev and d%/dp® in cm?®c?/sr Gev>.
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B~6+ 212~ 2(3 4 s—12) (60)
Note that the first term dominates. From (53) and (58), the resulting
formula for # =90" becomes (in the CM system)

dia

dp? (@ = 90° p., s) = const. (3 +s5~Y2) p, (61)

In

~ Studying the data and figures presented by Meng, we find that
our result (61) fits the data better than that of the modified Fermi
model (58). For comparison, a typical example is shown in Fig. 1,
where the single charged particle inclusive cross-section for all
positive particles at = 90° are plotted according to (58) and (61)
respectively. Other data show similar features and will be published
in a separate paper. The essential ingredients that lead to the
correct result (61) are a constant decay volume and a nearly con-
stant decay temperature at high energy.

VII. ANGULAR DISTRIBUTION

The angular distribution of produced particles in the CM system
is not neccessarily isotropic, which is true only for central collision.
In general, the distribution is expected to be somehow anisotropic
in order to conserve total angular momentum. During collision,
initial energy and angular momenium are dumped into a fireball of
volume V, which is assumed to be independent of invariant energy
s in the high energy limit. Then the fireball decays into various
channels.

Consider a side-tracked collision of two nucleons in the CM
system as shown in Fig. 2. A reference system is introduced at

Fig. 2. The Decay of a Fireball,
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the center of the fireball and with its z-axis along the direction of
collision. Initially two nucleons a and b collide in yz-plane with
an impact parameter 2r. In high energy collision, each carries a
momentum of about E/2, and so the initial total angular momentum
is equal to

E

2.2r=Er (62)

Ty~

where E is initial energy.

In the decay of the fireball, conservations of energy and angular
momentum imply that the average number of produced particles in
a state of energy ¢ and angular momentum /. is proportional to

1

s oo, P et S (63)

The constants B and 2 are fixed by energy and angular momentum
conservation relations. For a particle emitted from the point
(z, ¥, z) in the fireball,

I, =ypcosl — zpsinbcos ¢ (64)

where (p, f, ¢) indicates its momentum in spherical coordinates.
Taking the mass degeneracy of (13) into account, the average
number of particles produced can be calculated from

O ¢ I e P
_ ¢ m~ebmprdp dydm dV
= e (65)

where e2 = p*+ m? and » = cosf. The constants B and 2 are fixed

by the following relations
E = f edi (66)
and

L.= [1.an (67)
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The angular distribution is given by

512 pbm 52

d‘:) i 271’)2 f 5 eif*ﬁxdfﬁmd\’c (68)
which in general will depend on ¢ through /.. In actual experiments,
it is not just two particles in collision, instead, a continuous beam
of particles collides with the target in axial symmetry. In that
case, one should take the average over ¢.

Unfortunately the integrals (65)-(68) can only be solved by a
tedious computor work. Here we would like to extract some results
by making approximations., For simplicity, we assume the fireball
to be a flattened sphere, although the volume is s-independent, such
that z~0 everywhere. Then [, ~pyn and

i ¢ [® @ * L m%ebm pA(RE— g
dy ”ZELudmf a [, v =g o

B2 gbm p2(] — 42
(iirv mo dm f dp f du eﬂeé—dﬁpu (__ 1 i ( 69 )

with #=1y/R and a« = ARyp. The integration can be done by series
expansion of the exponential factor,

%:- = __(346;];2 fdm dp du mb2gbm p2(1 — 442 g]‘e“k(ﬂi*aﬁn

cV _ i e
= Tl fdmdpm 5/2gbm h2g—8 E}l 2 LT

Gn(ap)zuzfl)

+ 3 (70)

k=2
where 3l sums over terms oblained from the first part of (70) by
the substitution (a—ka, B—kB). The integration over p can be
done by setting e =m + Q, and so p*=2mQ + Q% dp~d(2mQ)/*
~ mdQ/v2mQ, then

[Capesepn=comm [ /2 g (2mQ+Qyrese

n !
o e—ﬁml}i (n——nlj\‘_f'_ (2m) #=1-112 rmﬁ'i‘j}j;f%/?) (71)

Substituting into (70), we obtain
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dn_ _ _L R o _a¥nb
dyp = (2m)? nzuoﬁ"‘"“”z
. 6 e m! 271121 (yp -] - 1/2) ®
Cn+1)! (=011 I”’+k§z =
where
Li= [ dmmr=i=te=s=bm - (73)
L (et — 2 Eila)) g
e 2 E;i(x =n
ok E;(.’L‘) l=n~—1 (74)
"t e—x(mﬂ)"_’_lﬂdlﬂzki”,_bz)il, pr-t—t-m

where = (B —b)m, and £—0 as E—co. After some rearrange-
ment of terms,

where
il e B & 6(n+1)I'(2n+5/2) ,
Tl“ Bmo (e mE'(x))n% 2 + )!/7 o,
a 2
o (_5_) (76)

S 12(n+1)2I"(2n + 3/2)

Tr=ldal = o L
s B S 6ne ml(n—1=2)1 2 T (n+I+1/2)
i =5 dm (2nt1)! (=) D (n—i—2—m)1 / =
n—=1I-1 3 2(n—1)
3 (”x%_) ph—I—t—m 'E;—nﬁ—T ) (78)
-] I
~es 3 gy (79)
i=0 bi
fm B s SO LH2) (414 2) 2T+ 20+ 5/2)

A= n+1)(n+2)(2n+20+5)! v © ’
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The conditions for convergence of the above series are

(%)2<1 anidl et (81)

For numerical evaluation, one should further estimate the values
of these series (76)-(80). T; and T, can be written as
ed E : 3 21 3 9 g

+ s,,o) (82)

TamEi(@) (1 + 5o+ gorgo +. .+ Su) (83)

where S,, is the partial sum starting from #z =1, and can be

estimated by

_J%'(%)w&ﬁaim (L= g5+ =)
o 5>1 bk

(g)alz }Illﬂ —1/2 phe lPZVﬁ
d=—(mo+2Inp<l

while #, can be approximated as a corresponding integral and then
solved by the steepest descent method and Stirling’s formula for
factorials. The result shows that

te 6/ 2 T L e dn

~12v/ 2 j (—4rin7r)-71! (85)

1 A

(—Inr

In[r" 6(n+il+2)(n+1+2)1230(n+ 2] 4+ 5/2)
(m4+1)(n-42)(2n + 2] +5)! v or

for {=>3 and ¥=e--¥D_ For low [/, the series are calculated

exactly,
2 .
f,,:%+%—1 n(1—7) + oy tanh=t 712 (86)
b= o[1+( ——zml—r)] (87)
- 4 A
b= o[ —2N -1+ U+ 777 (88)
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Thus for z <1,

nge_ E []i fgp

~es (fthp+ g hotd 1T T L) (89)
where I, is the partial sum starting from [ =1/, and .
0 o zln
I,Dgfgozfl_hz (90)
with z= — p/drIn7r. This series converges only for z<1, i.e,
2

From (66) and (67), the total energy and total angular momentum
of the emitted particles can be written as

VvV —5/2 p b p2 1—u?

E=foe [oam [Tap [y [ an 222 RS ) (gp
& —5/2 ,bm 3 Lo

L,,=73‘3V2 mudmf a5 [y [ gu et Ru (9 g

Similar calculations and approximations lead to the result that

E= i @+ BB+ 5 ' (o1)
with ‘ : o
=l (et—pE(x) S BtV t2)

By = g (0-7 = 2Byfa)) X 2% Sop SOt (96)

2 g (65 — 2 By () (B+8p4...+5.,) (96)

Bk g L e 4 510)
S N B D e 9 Sk

~Ei(2) B (0 + o2 0 4.+ Si, (98)

s o n—-1 2(n 1) 6n(n+l+1) n! Du— ‘F(n+£+1/2) i
Ey=e %Eﬁ "I On—1)n—I+1) 2n+1)! = 11/

mp ViRt m—Ii—1)! nl-1-m
(2] B mrrm e (99)

o P (ot erp+ g eot .t 6T — L) (100)

z&l €
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eo= 3[4 (r— 1) r-ortanhr 711 (101)
ey = %[5r 1 3r-11n (1 — 7) — 5r-¥2tanh—1 7%2] (102)
0 o TRy 10 _ 54 o
‘39—32[7 +'2(1Fr)+(rz' o
14 4 1 1 1l
— 3 (5 + 5 —gwtannen) | (103)

where ap= AR, p= (ao/B)% and 7 = pB/2(—10). The total angular

momentum,

VR (2r o
Ls = {gagyni e ) (Ly + Lz + La) + 2 (104)
with
e UL © 3T (2n+9/2) .
L, (ﬁmn)z(e 2E¢(z ))n§0(2n+5)(2n+3) ont ) v/ n " (105)
x - T LSt
iy -(Bmﬂ}a(e wEl(m))(lﬁ + 10 16 P"]‘ +S"D) (106)
ot B o 6(n+2) M'(2n+17/2) :
Ls = By B49) 2 uvs) (2n3) @nt D) /w © (107)
P 19wl
_W_Ei( } ( + 10 16|‘J+.+ Sno) (108)
Lo i iy 6(n+2)1 2811 (n+1+5/2) _
2= 2 2 2 2nt5) @ntar Cnt ) et2— D1 T

az(n+1) n=1 (n_l)! a3 b
i e e it

1
o5 (Mot Mok Ma o'+ +6/2 —11571,0) (110)
[Tz (r — 1) r-stanh-2 917 | — = (111)
10l ., 1% 2 1 .
M; = - ETa -+ - - In(l—17) — T tanh~—? T”{I (112)
Lo ortie o il Bl A S
M:= 547 25 T(sr 5)1“-(1 nt+q=%
TR
+ 15 (g7 + 75 — T‘,“ tanh= 1) | (113)
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From (62) and (94)-(113), the impact parameter # is given by

AP IS i W e o T T T
=% = %) BFELE (114)
~ @ (Mo+Mio+(1/2)M,p*+...+6//2(1/—In7)1;;)+e* (Ly+Ly)
a<l 8 (eo'i'el p+(1/2)22 pz'l‘. . .+6/7(1/_‘1n T)Ito)+(ﬂ7€x/mo)(E1+Ez)

(115)

where all high order terms 3X:-; have been neglected, which at
most brings a few percent uncertainty. For ordinary experiments,
v is not fixed, one should average over » in order to obtain the
correct answer. This is too complicated to be done for such a com-
plicated function of @, and # as shown in (115). Instead of taking
the average over », we take a medium value » = R/v 2 as Fermi
did, and study the angular distribution at fixed energy. From (44),
cV/(2zB)¥2 = 2A and take A~ Agypi. =~ 1, the total energy is given
by

E~2(E+E;, +E,) (116)

The conditions for convergence of E and L, are the same as
those of dn/dyp, (81) and {91), if only « is replaced by a, Recall
that @ = a,y and |y| <1, the over-all conditions for convergence

% (%)'<1, r<1 and p<—drinr (117)
:, & \é . pl
| e

Fig. 3. The allowed region of @ and g.
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The allowed values of @, and B lie in the shaded region of Fig. 3

shown. On the boundary, E becomes infinite.
Take bmy=1 and lp=4, at E=32Gev and r=R/V 2, we

obtain from (115)-(116) and (90)
z=—pfdrinT = 0.727

(118)
7 = 0.809
or B~1.406b, a;~099 and p~0J5. Substituting these into (75),
7 | o |o2 o4 |06 [os [09 | ooaf 0ss| 10
Theo.| 218 | 223 | 247 | 288 | 420 | 877 | 1591 | 5569 | 153.08
Expt.| 218 | 220 | 237 | 289 | 475 | 860 |13.00 | 30.00 15705
102 |
_dn
dn .
L]
10 i~
1 1 1 1 1 1 |
0 01 02 03 04 05 06 07 08 09 10 n=cos6

Fig. 4. The Angular Distribution at E =32 Gev,

(The solid line represents
the theoretical result, while dots indicate experimental data.)
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the angular distribution is calculated. The result is shown in Fig. 4
in comparison with experiments. Note dii/dyp is the over-all angular
distribution at fixed energy and proportional to de,/o,dy at n=#.
Since experimental data® on do./0,dy are not given in absolute
values, the ordinate normalization of Fig. 4 is arbitrary, and so the
theoretical result is normalized such that it coincides with experi-
mental value at 7 = 0.

The above calculations, therefore, prove the following points:

(1) The angular distribution (75) is symmetric with respect
to the z =0 plane as expected, since both p and ¥ are proportional
to 7

(2) By (115), as E—»oo, #/R~ a,/B; and for small 8, E—>oo
even though p<1 as seen from Fig. 3.

(3) The angular distribution predicted by our model is in good
consistency with experiments as shown in Fig. 4, in spite of rough
approximations made, while Fermi’s model led to a result that is too
small around »=1.

(4) At E =32Gev, the term proportional to I,, dominates.
The numerical factor of this term may not be very accurate due to
approximation. Fortunately, the variation of this factor causes only
slight change. By changing a factor of 10-', the curve becomes
steeper near 7 =1 and fits experiments better there, while its value
in 0.8 <7=<094 is slightly less than experimental values.

(5) As energy increases, the curve becomes steeper around
y = 1. This tendency is consistent with experiment.

(6) If a spherical fireball is used instead, the second term of
1. (64) can not be neglected, and the distribution at large angles
will be enforced, but the shape of the curve, which is determined
by the mass spectrum, would not change much.

VIII. CONCLUSION AND DISCUSSION

From above analysis, we reach the following conclusions:

(1) Our model fits experiments very well.

(2) The essential features of our model, that produce all the
successful results, are that both the decay volume and the tem-
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perature B! approach constant values in the high energy limit.
The temperature approaches a constant because of the exponential
increasing nature of mass spectrum (13), which in turn may be
related to constancy of the decay volume by statistics hootstrap
method®®, Furthermore, if we assume all hadronic matter to ap-
proach a constant minimum volume in the high energy limit, then
the square well potential assumption (5) which states that the
interaction factor I; is proportional to the overlapping space-time
volume, will produce correct asymptotic behavior for total cross
section.

(3) All these strongly suggest that all hadronic matter ap-
proaches a constant volume in the high energy limit, of a dimension
corresponding to the exchange of one pion. This seems contradictory
to relativistic contraction of length. Does this imply that relativity
fails within such a short distance? No. The reason is that we are
trying a semi-classical description to a pure quantum mechanics
domain. Within such a distance R ~/Am7!, particles may exchange
energy of order m,. via strong interaction. This will cause an
uncertainty in the momentum of particles of the same order. The
uncertainty relation then implies that there must be an uncertainty
in position of order Az =#%m7*= R. Therefore it has no meaning
to make a statement about the relativistic contraction within such a
short distance as R.

(4) Note that Frautschi’s model®® and Veneziano model®
allow -also other possible values of a of the mass spectrum (4), i.e.,
a=—5/2, =3, =7/2, .... If a< —5/2 is taken instead, basically
all above results except the multiplicity will not change. In this
case, the average multiplicity would be #~24, which is obviously
contradictory to the experiments,
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TWO-CURRENT MODEL IN NICKEL-RICH
NICKEL-CHROMIUM ALLOYS

YEONG-DER YAO

ABSTRACT

It is demonstrated that the two-current model in nickel-rich
nickel-chromium alloys is definitely limited. For Ni-Cr alloys with
Cr concentration smaller than 5.5 at.2s, the deviations from Mat-
thiessen’s rule of the resistivity can be explained by a two-current
model. However, it is not valid for Ni-Cr alloys with Cr con-
centration larger than 11.3 at. 2.

INTRODUCTION

The concept of two current conduction was first suggested by
Mott®, It was used to explain the deviations from Matthiessen’s
rule® of the resistivity measurements of dilute iron based alloys by
1. A. Campbell ef al.® Later, Schwerer and Conroy™ reported that
their experimental data of dilute Ni-Cr alloys with Cr concentration
smaller than 5 at.2 can be analyzed under the two current model.
In this paper, we shall combine the experimental data of Ni-Cr alloys
reported by Yao ef al.®® and Schwerer ef al.™® to analyze the limitation
of the two-current conduction in nickel-rich nickel-chromium alloys.,

Under the assumption that there is only one type of current
carrier and that the scattering processes which cause resistance are
independent, the Matthiessen’s rule can be expressed as:

pa(C, T) = ps(T) + 00(C) (1)
where po{C) is the resistivity produced by the impurity at 0°K,
pp(T) is the resistivity of an ideal pure metal, and p.(C, T) is the
resistivity of a dilute alloy containing a concentration C of impurity.

In fact, there are always deviations from Matthiessen’s rule.
However, in many cases, these deviations are very small, and Mat-
thiessen’s rule represents quite a good approximation to the experi-
mental data. We can always write p.(C, T) exactly as

pa{C, T) = ps(T) + 0o(C) + A(C, T) (2)
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Presuming that ps(T), po(C, T) and po(C) can be determined ex-
perimentally, Equation (2) provides a definition for the quantity
A(C, T). We call this experimental value of A(C, T) the “Devia-
tion from Matthiessen’s Rule” associated with the concentration C of
the given solute in the given solvent, The existence of a non-zero
A(C, T) has been known for over 100 years, ever since the original
study by Matthiessen and Vogt. However, with the exception of a
flurry of interest in the early 1930’s, quantitative investigation of
the form and magnitude of A(C, T) proceeded rather slowly until
quite recently. From the previous work devoted to this topic,¢-11
the existence of the deviation from Matthiessen’s rule in systems
involving defects other than substitutional impurities is demonstrated.

According to the two-current model in which spin up and spin
down electrons conduct in parallel, the resistivity, p.(C, T), can be
represented as follows:(®

pa(C, T) = {[01(0) + 02y (T) 1[04 (0) + pay(T)]
+ =5 01 (T) [01(0) + 04 (0) + pat (T) + pay (T)1)
/101(0) +04(0) + a1 {T) + pay (T) + 200 (T)} (3)

where p4(0) and p;(0) are the impurity residual resistivities for the
two spin directions, py(T) is the resistivity due to the spin-mixing
which is characterized by a relaxation time 7. pat(T) and pay(T)
are the thermal resistances of the alloy for each spin direction; in
general, p,1{T)#pay(T). Let ps+(T) be the thermal resistances of
the pure host metal for each spin direction, and p,(T) be the resisti-
vity of the pure host metal at temperature T. At low temperatures,
both the p.(T) and the py are small. For the simplest case,

Pat(T) = 043 (T) = pp1+(T) = p23(T) = p(T),

and letting

Sy — —21(0) 0y (0)
a(0) = p1(0) + 0, (0) (4]

we get for low temperatures:
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pa(C, T) = p(0) + 24(T)

_!_l [04(0)—py(0) 1 [o(T)+pn(T)]
2 [o10)+p101T010)-+04(0)+20(T)+ 204 (T)]

=~ p(0) -+ f)h(o)

717 _ﬂl\O

The third term is the deviation from Matthiessen’s rule. For the
general case, the deviation does not separate out quite as simply;
however, it is always positive. The physical picture is that the
electrons in the low resistance spin direction, which carry most of
the current at low temperature, are “braked” as the temperature
rises, and they are brought into contact with slower electrons. At
high temperatures, the deviation should saturate. We shall then
have:

pa(C,T)=é-[m(ﬂ)-l—m(O)—l—pn(T)-Hm(T)] (6)

ANALYSIS AND DISCUSSIONS

A detailed list of proposed sources for the deviation from Mat-
thiessen’s rule is given in the review article by Bass.®» In this
paper, we only want to show the deviation from Matthiessen’s rule
of Yao ef al’s experimental data.® Due to the experimental dif-
ficulty, the value of po(C) is replaced by the resistivity at 4.2°K.
Also, we define a deviation parameter A(C, T) by

AC, T) = [ow(T) — om(4.2) Jatioy — [9m(T) — pm(4.2) Ipure
=Ap(C, T) —p. (7)

where

AP(C, T) = [palloy (T) = Ppure(T)]mensured
= [0 (T) Jattoy — [2m{T) lpure (8)

Pe = [pm(4-2)]sllw— [P:n(‘inz)]pure (9 )

and p,(T) is the measured resistivity at temperature T.
Figure 1 shows the temperature-dependent behavior of Ap(C, T),
which is the difference between the Ni-alloy resistivity and the
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Fig. 1. The difference aAp(C, T) between the alloy resistivity and
the pure Ni sample resistivity for Ni;_,Cry

“pure” Ni sample resistivity. According to this figure, the tem-
perature-dependent behavior of Ap(C, T) does not agree with the
two-current model for Ni-Cr alloys containing Cr in amounts greater
than 11.3 at. 2. In other words, the two-current model is based on
the spin polarization of the conduction electrons due to the fer-
romagnetic state of the host metal. For high concentration Ni-Cr
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alloys (say, larger than 11.3 at. 25 Cr), the alloys do not show strong
ferromagnetic ordering in the experimental temperature range; and
we can probably say that it is in the weak ferromagnetic state for
samples up to around 22 at. 2% Cr. We suggest that the critical
composition for weak ferromagnetism is about 22 at. 9% Cr. We can
further suggest that the maximum of the Ap(C, T) vs. T curve
could be a functional change of the Curie temperature of the alloys.
Since pure Ni is in the ferromagnetic state below 631°K, the decrease
of Ap(C, T) with increasing temperature could mean that the resisti-
vity of the alloy due to ferromagnetism disappears above a special
temperature which is changed according to a special function of the
maximum in the Ap(C, T) curve.

Analyzing the experimental data of the Ni-Cr alloy containing
55 at. % Cr, together with the data reported by Schwerer and
Conroy*® for Ni-Cr alloys with Cr concentration smaller than 5
at. %, we conclude that these deviations of Ni-Cr alloys with Cr
concentration smaller than 55 at.% can be explained by a two-
current model in which spin-up and spin-down electrons conduct in
parallel.

However, Figure 1 shows evidently that the two-current model
is not valid for Ni~Cr alloys with Cr concentration larger than 11.3
at. 2. A further detailed analysis of the proposed sources for the
deviation from Matthiessen’s rule for the Ni-Cr alloys with Cr con-
centration larger than 11.3 at. 25 will be published elsewhere.
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DETERMINATION OF SULFOXIDE
CONFIGURATION WITH SHIFT REAGENT

PETER JiH-YUuNG CHAO

INTRODUCTION

The addition of a little Eu(dpm), [trisdipivalomethanatoeuropium
ITI] to a solution of any of a great many lone pair-bearing organic
compounds gives striking spectral simplifications by virtue of rever-
sible complexation leading to pseudocontact shifts.'-% Functional
groups give characteristic shift magnitudes in the order — NH, >
OH>>C=0>>0 >—COR>—CN® Fraser® and Wigfield,
among others, have applied this shift reagent to sulfoxides and
have found the induced shifts useful for assigninent of configuration.
In general, the chemical shift increases linearly with increasing
Eu(dpm); concentration for a given substrate concentration.?-% The
magnitude of induced chemical shift (§) has been observed to depend
also on the position of hydrogen relative to the lanthanide metal in
the substrate. Hinckley® initially observed that the changes in
chemical shifts of hydrogens in the spectrum of cholesterol induced
by addition Eu(dpm); (pyridine), decreased as the cube of the dis-
tance of the proton from the coordination site. This observation,
and similar results in other steroids” were considered to indicate
that a pseudocontact (through space) interaction rather than a
contact (through bonds) interaction was the major contributor to the
observed paramagnetic shifts. Observed shifts using Eu(dpm); have
been found to correlate with 1/R® in many cases.("*® In certain
instances, a correction of & with R~* (# = 2— 3)"® was observed,
but values of » not equal to 3 are unexpected since a 1/R® depen-
dency for pseudocontact shifts is well established. In solution, the
pseudocontact shift (p.s.) may be expressed as follows:

p.s. = K(3 cos*; —1)/R?

(K is a constant, ¢; is the angle between the complex axis of the
crystal field and the radius vecter from the metal to hydrogen i,
and R; is the distance between the metal and hydrogen 4).
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Consequently, in addition to the distance relationship, an angular
dependency should be found. In compound 47% and 59, upfield shifts
were observed using Eu(dpm): for the hydrogens with asterisks,
while normal shifts to lower field were found for all other hydrogens.
The abnormal shift of resonances to high field by Eu(dpm), has
been rationalized in terms of the angular dependence of the pseudo-
contact shift arising from the (3 cos®*d — 1) term. Usually, however,
assuming the organic donor to be free to rotate about the substrate
—FEu bond (whose length is 3 A or more), the time-averaged value
for cos?f will not differ significantly from proton to proton in the
donor. Thus the distance factor will often be the dominant influence
on p.s. values, which should then provide valuable stereochemical
information,

H*
H*

LK,

CHs CHs
H:C-7OH

CH-

RESULTS AND DISCUSSION

7, 8-Dichloro-9-thiabicyclo (4.2.1)-nonane 1 has been prepared
in good yield by the addition of sulfur dichloride to cis, cis-1, 3~
cyclooctadiene. The two chlorine atoms in 1 have been assigned by

NMR as cis endo because of the symmetrical NMR spectrum and
Joi =7 (Jenao, bridgehead =2 0). Treatment of 1 with sodium meta-
periodate in ethanol solution gave in 802 yield the sulfoxide 2,
yEEE 1082cm-! (>S =0). With 302 H,0, in glacial acetic acid, 2
gave sulfone 3 in 73% yield; vEBL 1300cm~=* (>S80s, vas), 1110cm~*
(>S0,, vs). The configuration of the sulfoxide group in 2 was
assigned on the basis of its NMR spectra with a “shift reagent™ as

described below.
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The effect on the resonance positions of the different protons in
the sulfoxide 2 upon addition of increasing amounts of Eu(dpm), is
shown in Figure 1. Since a precipitate forms after the shift reagent
is added, it is necessary to filter the solution before every run. All
the spectra of 2 show four different shifts. It is difficult to find the
exact concentration of Eu(dpm); in the solution, but an alternative
method can be applied. The change in chemical shift of the bridge
protons upon addition of the shift reagent was assumed to be linear
with concentration. Fig. 1 reveals that the chemical shift changes
for the other protons vary linearly with Eu(dpm); concentration
defined in this way,

Because H; and Hg in sulfoxide 2 have much larger concentration
dependency than H,, Hs, Hy and H; as shown in Figure 1, the con-
figuration of the sulfoxide group was assigned as syn to the two-
carbon bridge.

Sulfone 3 in CDCl; also shows induced shifts when Eu(dpm); is
added (Fig. 2), but the magnitude of these pseudocontact shifts is
smaller than that for sulfoxide 2. Figure 2 demonstrates also an
essentially linear dependence of the paramagnetic shifts on added
Eu(dpm); at the lower concentrations. The small curvature at higher
concentration might be due to saturation and/or change in coordina-
tion geometry. It is worth noting that the slopes of (H; and Hg)
and (H,, Hs, Hy, H;) are not so different as in sulfoxide 2. The atom
presumably complexed (successively) with both oxygens, making
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the average distance from the pseudocontact center to (H; and Hg)
or (Hy, Hs, Hy, H;) almost equal. There is no detectable shift when

Eu(dpm); is added to the sulfide 1 in CDCl,.

3.00+
Hz, H2
(o
2004
. ( Hi,Hs
b / :
<
1.00+
Aﬁ
Hs,Hs, Hs, He
-/
O

1.00 = 200 3.00
Bridgehead proton chemical shift*
Fig. 1. Plot of changes in chemical shifts vs. concentration of Eu(dpm)s for

protons of sulfoxide 2

*The chemical shift change of bridgehead protons is assumed to be linear
with the conc. of Eu(dpm)s; which was difficult to measure directly due to
some precipitation accompanying addition of the reagent,
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Fig. 2. Plot of changes in chemical shifts vs. concentration of Eu(dpm); for
protons of sulfone 3

*The chemical shift change of bridgehead protons is assumed to be linear
with the conc, of Eu(dpm),; which was difficult to measure directly due to
some precipitation accompanying addition of the reagent.

EXPERIMENT

7, 8-Dichloro-9-thiabicyclo (4.2.1) nonane

From separate funnels 58 g (0.56 m) of freshly-distilled sulfur
dichloride in 700 ml of CH,Cl; and a solution of 60.8g (0.56 m) of
1, 3-cyclooctadiene were added with stirring to 1 liter of CH;Cl; in
a 5 liter 3-necked flask at room temperature (waterbath cooling)
over 7 hr. The yellow solution was allowed to stir for an additional
12 hr. Solvent was removed by distillation, leaving 100 ml of brown
syrup which was subjected to vacuum sublimination at 80°C twice to
give 69.8 g (59.3%) of waxy crystals, m.p. 186-187° (lit. 185.5-186.5°).
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7, 8-Dichloro-9-thiabicyclo (4.2, 1)-nonane-9-oxide

Sulfide 1 (3.0g, 0.014m) and NalO, (3.2g, 0.015m) in 25ml of
H;0 and 3 ml of absolute EtOH were stirred at room temperature
for 22 hrs. The resulting precipitate was collected by filtration and
washed with two 50 ml of warm water to give 3.14 g crude sulfoxide 2.
After column chromatography (20 g silica gel, elution with pentane
and methylene chloride) 1.87 g (812 vield) of white crystals 2 was
obtained, m.p. 228.2-229° (oil bath). The infrared spectrum (KBr)
of 2 showed maxima inter alia at 3.39, 6.89, 7.00, 7.57, 7.71, 7.90, 8.65,
9.67 (>S0), 10.22, 11.67, 12.20, 13.10, 13.45, 13.97 . The NMR spec-
trum, shown in CDCl;, revealed the presence of only one isomer.

Anal. Calcd. for CH1.50C1: C, 42.48; H, 5.31; Cl, 30.97; S, 14.16.
Found: <G, 42.51; H, 5.33; €1, 31.09; 5; 1419,
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A POSSIBLE MECHANISM FOR THE ACTION
OF UNIFORM MAGNETIC FIELDS ON THE
BIOELECTRIC RESPONSE OF NITELLA

LinG-CH1A YEH

ABSTRACT

The bioelectric signals from single internodal cells of the alga
Nitella clavata have been studied in uniform magnetic fields up to
17 KQe. This study has been carried out by the author in
collaboration with Professor Sigurds Arajs and T.E. Farrington,
Jr. at the Clarkson College of Technology. The spike amplitude,
excitation threshold and propagation velocity are all affected by
exposure to magnetic fields either parallel or perpendicular to the
streaming protoplasm of the cells, Wei's quantum model of nerve
excitation is drawn upon, and a composite model is formulated to
account for most of the observed phenomena. It is also shown that
Wei’s model seems to he capable of resolving the puzzle associated
with the production of magnetic field accompanying  bioelectric
activity,

INTRODUCTION

It is well known that large individual plant cells respond to
electrical, chemical, or even mechanical stimulation in just the same
way as a mammalian nerve cell does: with an electric impulse that
sweeps along the cell. This instances in the green algae Nitella
whose cells may be up to 10cm long, 1mm or more thick, and nearly
cylindrical in shape, The detailed distribution of ions in and around
the living cell accounts for its bioelectric properties.

There has been considerable interest in finding the effects of
magnetic fields on biological systems®. In particular, contrary
results have been obtained for studies of bioelectric signals in the
presence of applied magnetic fields. For example, the observation
made separately by McKendrick® and Erdman‘® that constant
magnetic fields change the irritability of the isolated frog nerve was
completely denied by Liberman ef al®. Using intracellular mea-
surement, Sachava and Samokhvalova® found that the membrane



68 The Bioelectric Response of Nifella

resting potential decreased when Nifella flexilis internodes were
subjected to constant magnetic field lines intersecting the streaming
protoplasm of the MNitella cell orthogonally. Arajs, Yeh Lin and
Farrington® found that, in general, the effect of the magnetic field
on the bioelectric response was to reduce the spike amplitude, the
propagation speed, as well as the excitability. On the other hand,
Blatt™™ studied the effect of homogeneous magnetic fields on the
action potentials of N. flexilis and N. franslucens and did not observe
any effect on the magnitude or the time course of the action
potential.

The author believes that failure to obtain an appreciable effect
of the magnetic field is due to unjustified underestimate of the im-
portance of the residual fields of the electromagnets used. In fact,
she found that magnetic forces came into play as soon as the ex-
perimental sample was introduced into the region between the pole
pieces of the magnet. When the sample was allowed to stay long
enough in the residual field (~30-60 min), the effect of the magnetic
field gradually became saturated so that no further change would
be noticed upon increase of the applied magnetic field strength.
Thus the existence of modification in the action potential of Nitella
due to applied uniform magnetic fields cannot be denied. Further-
more, these observations can be accounted for by using a relatively
simple model.

While some investigators have focused their attention on the
action of external magnetic fields on plants and animals, others have
turned their minds on the magnetic dipole fields produced by plant
and animal tissues. The magnetic fields apparently related to elect-
rical impulses traveling along stimulated frog nerves have been
recorded. Two important teams of investigators, Seipel et al*® and
Gengerelli et @l arrived at the same conclusion that neuron activity
produced signals in coils that were designed to detect the existence
of magnetic fields around a propagated nerve impulse. The detected
signal was diphasic, and preceded by 0.5 msec the nerve impulse
detected by conventional electrodes located at the same region of
the nerve. Its direction of deflection was not affected by the direc-
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tion of travel of the nerve impulse. No signal could be obtained
when the axis of a series-wound coil was oriented at right angles
to the long axis of the nerve, while a signal was detected when the
axis of the coil was oriented parallel to the long axis of the nerve.
This signal progressively dropped to zero when the nerve was
gradually dying.

MODELS OF NERVE EXCITATION

Various concepts have been derived to account for the many
intriguing aspects of the electrical activity of the neuron. Qualita-
tively, these same concepts apply in discussing the electrical activity
of the Nitella. Specifically, the basic idea of the Hodgkin-Huxley
equivalent circuit model®® js that the ionic characteristics of the
membrane are uniquely determined by the potential difference across
it. The assertion by Hodgkin and Huxley that sodium ions are all
important in the generation of an action potential is, however, not
true. A molecular model which includes this model as a special case
is the “two-stable-states” theory formulated by Singer and Tasaki®®,
Here, the process of excitation is considered as involving a rapid,
reversible cation exchange process, based on transitions bhetween
two stable conformational states of the membrane macromolecules.
Although the two-stable-states theory accounts for many intriguing
phenomena, it is only a qualitative mechanism for excitation and
impulse propagation. Wei® was able to formulate a more quantita-
tive molecular model. His viewpoint was that nerve impulses could
be a macroscopic expression of quantum transitions of electric dipoles
at the membrane surface upon stimulation. The quantum theory of
nerve excitation started out with the Danielli-Davson model which
includes an electric dipole layer at the membrane-external solution
interface, with the negative end facing the aqueous phase, an excess
of mobile negative ions within the membrane and, in the aqueous
phase, an excess layer of mobile positive ions whose concentration
is greater than that in the bulk solution. The barrier potential was
found to be E,= os/e, where ¢ is the net charge per unit area on
either plane of the dipole layer, ¢ the permittivity and s the barrier
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width. Thus the barrier potential may be changed by changing the
physical state of the dipoles. The latter may be simply achieved
by reorienting the dipoles. There are two obvious stable orientations,
one parallel and the other anti-parallel with the majority of dipoles
in the unexcited membrane. When a negative potential is applied,
the negative poles of the dipoles will, by Coulomb repulsion, turn
away from the applied negative potential. If the kinetic energy
(field strength x dipole moment) gained from the applied field is
nearly equal to the energy difference between the two stable orienta-
tions, the dipoles will switch to the reverse orientation. If N; and
N, are the populations per unit area of the parallel and antiparallel
dipoles and Q is the charge of the dipole, the surface charge density is

g=Q(N1—N;).

Thus, a cathodic potential can depopulate the parallel state and
hyperpopulate the antiparallel state and therefore lower the barrier
potential. When the barrier potential becomes sufficiently low, a
nerve impulse results.

Assuming a value of 20mV for the outer barrier potential E,
and taking s=10A, ¢ = 8.85 X 10~ Farad/m one obtains

o= B = 177 x 10-* Coul/cm?.
This is in order of magnitude agreement with the measured values
by Segal®® of — 1.9 X% 108 Coul/cm® and — 42 X 10-% Coul/cm?® for
squid and lobster respectively. Moreover, the infrared emission
from stimulated nerve of crab’s leg*¥® and the birefringence change
coinciding with the action potential observed in several species®
lent some support to this model.

The identity of the dipoles at the membrane interface was re-
lated by Wei® to trimethylamine ions — N+ = (CH;); contained in
in a phospholipid. From its structure, this ion species must possess
a permanent dipole moment. The N(CH;); may be assumed to have
a tetrahedral configuration with the N* ion sitting at the apex and
vibrating relative to the base plane of the three CH; molecules.
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Every time the N* inverses from “in” to “out”, the dipole moment
is reversed corresponding to a 180° rotation. Since the N* is linked
to the lipid, it is restrained to spend more time inside than outside.
Hence, at equilibrium, there are a greater number of dipoles with
positive ends inside, which is compatible with the polarity of the
potential difference across the resting membrane. Since nitrogen is
a rather active chemical agent, the vibrational state of the trimethyl-
amine ion could be largely affected by the environment.

While examining the dipole flip-flop model of nerve excitation,
we discovered that this model can also be used to settle arguments
regarding the magnetic field accompanying a nerve impulse. The
fact that the direction of travel of the nerve impulse has no effect
on the direction of deflection of the magnetic pulse rules' out the
possibility that such a magnetic pulse is produced by longitudinal
currents in the nerve fiber. If one associates the magnetic pulse
with transverse membrane currents alone —the inward surge of
sodium ions and the subsequent outward surge of potassium ions??—
then it is difficult to see why the detected magnetic signal preceded
by 0.5 msec the nerve impulse detected by conventional electrodes
located at the same region of the nerve®, A look at the time course
of a typical action potential of the squid axon reveals that the dura-
tion of the rising phase lies around 0.5-1 msec®®, It seems therefore
more reasonable to assume that the first phase of the magnetic pulse
originates from an event that precedes the maximum surge of trans-
verse membrane currents. It is very likely that this event results
from the dipole flips. The following arguments provide the basis
for this assumption. First, since, the influx of membrane currents
starts only after the upper dipole state is sufficiently populated so
that the barrier potential is reduced to threshold value, the magnetic
pulse due to the dipole flip is expected to precede the impulse de-
tected by electrodes located at the same region of the nerve. Second,
the dipoles always flip from the lower state to the upper state no
matter from which side they are approached by the local circuit
currents, and such a transition can be achieved through motion of
charged particles (eg., N* in the trimethylamine ions) rather than
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actual rotation of the dipoles. Thus, the sense of the magnetic pulse
should not be affected by the direction of travel of the nerve impulse.
An upward transition can be regarded as being equivalent to the
N+ ion moving outward along the radial direction. This constitutes
a segment of outward directed current. Thus the deflection as in-
dicated by the detection coil should have the same sense as that of
the stimulus artifact, since ordinary stimulating currents are cathodic
(outward) currents. That this is actually the case is apparent from
the composite tracing of the electromagnetic action pulse obtained
by Seipel and Morrow‘®. Third, the diphasic nature of the magnetic
pulse can also be accounted for if we regard the magnetic pulse as
originating from a superposition of two events — the dipole upward
transition and the following action current which is also expected
to give rise to a variation in the magnetic field. Fourth, as the
electrical currents responsible for producing the magnetic pulse are
transverse and not longitudinal currents, it is to be expected that a
series-wound coil would not detect a signal when it is oriented
perpendicular to the axis of the nerve®”, Thus, the quantum theory
of nerve excitation is a sound theory in itself.

PROPOSED MODEL FOR THE ACTION OF UNIFORM
MAGNETIC FIELDS ON THE BIOELECTRIC
RESPONSE OF NITELLA CLAVATA

The experimental results of the effect of uniform magnetic fields
on the action potential of Nitella clavata indicate that the applied
magnetic fields act on magnetically anisotropic lipid molecules to
which the dipoles belong. That such magnetcally anisotropic lipid
molecules exist is supported by the observation of reorientation of
lipid molecules in magnetic fields®® and the fact that biological
membranes consist mostly of a phospholipid which contains tri-
methylamine ions near the surface®. This model is capable of ex-
plaining most of the observed effects of uniform magnetic fields on
the action potential of the N. clavata internode.

When a magnetic field acts on the polar and magnetically aniso-
tropic molecules, some of them become more or less fixed by the
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field, while others get reoriented, depending on the relative orienta-
tion of the field lines with respect to the magnetic anisotopy of the
molecules. Considering the cylindrical symmetry of the cell, there
are always some molecules whose axes of magnetic anisotropy lie at
an angle to the magnetic lines of force. (We assume here that these
axes are perpendicular to the membrane surface if thermal motion
is neglected.) Reorientation necessarily brings some polar groups
askew. According to Wei’s theory, this causes a drop in the mem-
brane potential. The observed decrease in the action potential of M.
clavata in the presence of a magnetic field is thus quite understand-
able. That the membrane potential decreases in magnetic fields has
indeed been observed in N, flexilist®,

As a consequence of the fixation of the molecules by the mag-
netic field, one would expect the membrane to become more stable.
At temperatures above absolute zero, the molecules as well as their
constituent polar groups are constantly in motion. It is therefore
difficult to obtain completely identical action potentials over a long
period of time. This fluctuation of action potential amplitude is
reduced greatly in the presence of a magnetic field in the case of
N. clavata. In addition, spontaneous outbursts, which were frequently
observed when the Nifella cells were newly introduced into the moist
chamber, were nearly absent after the magnetic field was applied.
This is in agreement with the inhibitory effect of static magnetic
fields (1 KOe) on the spontaneous electrical activity of individual
neurons in the rabbit head®®,

The observed reduction of the Nifella action potential in magnetic
fields is gradual and there exists a shallow dip in the curve showing
its time dependence (Fig. 1). These observations indicate that there
is competition between the external magnetic forces and the internal
intra- and intermolecular cohesive forces. The applied field seems to
have the upper hand at first. The tug-of-war becomes keener as
time goes on, and then repairing forces set in. Finally, a state of
equilibrium is reached. At this moment, there is little variation in
the action potential amplitudes recorded. The energy source of the
repairing or restorative forces must come from metabolism. Thus,
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Fig., 1. Normalized Action Potential as a function of time at 25°C.

internodes in different “states of health” ought to give different
equilibrium action potential amplitudes as a result of interaction
with the same magnetic field. This explains the difficulty of estab-
lishing a quantitative proportionality relation between the amplitude
of the applied field and the corresponding reduction percentage in
the Nitella action potential spike amplitude. It also becomes
understandable why in a few Nifella internodes, no effect on the
action potential amplitude could be observed. When an internode
had been in the residual field of the electromagnet for some time,
no apparent effect of the magnetic field could be observed. This
can be attributed to the internodes being already brought to a poor
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state of health before the applied field strength was increased from
“zero”.

We shall now see how the magnetic field affects the excitation
threshold of the Nifella. Assume that the polar groups responsible
for the modulation of ionic flow in the quantum theory of nerve
excitation are actually the trimethylamine ions with the N* vibrat-
ing relative to the base plane of the three CH, molecules. The force
of a magnetic field B on a particle with charge ¢ and moving at
velocity v is given by

F=gqvxB.

Except when the field lines are parallel to v , the charged particle
will experience a sidewise push. Considering the cylindrical sym-
metry of the Nifella internode (and nerve axons in general), it is
obvious that there will always be some polar molecules whose dipole
axes intercept the magnetic lines of force whatever the relative
orientation is between the field and symmetry axis of the cell.
Hence, the magnetic field reduces the probability of inversion in
either sense. The ratio of the probability of inversion in the
presence of a magnetic field to that without the magnetic field is
given by the ratio of the two-dimensional mean square displacement
in the presence of the field to that without the field. The latter
ratio has been found to betD

e~ 1 (2) Jow [ wsorsors ]

where £ is the Larmor frequency, v is the collision frequency and
wp is the plasma frequency. This result has been derived for the
Brownian motion of a charged particle in a viscous medium of con-
stant charge density permeated by a steady magnetic field oriented
parallel to the axis of cylindrical symmetry. Nevertheless, it is also
applicable to the motion of the N+ particle. The only difference
lies in an additional restorative force term for the N* particle which
averages out to zero in the evaluation of <#%*>. One should therefore
expect the relaxation time of the dipoles in the upper state to
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increase when the field is applied. Hence, the chronaxie, being
dependent on the relaxation time(®), increases in the presence of the
magnetic field. This is in accord with the experimental results on N.
clavata which indicate that in most cases the threshold for excitation
becomes larger in the presence of a magnetic field.

The effect of the magnetic field on the propagation velocity can
also be understood from the proposed molecular mechanism. Increase
in the relaxation time entails an increase in the latency of response
at each point on the path of the action potential. Thus the time
required for transmission from one point to another is increased,
which decreases the propagation velocity. The slowing down in the
action potential wave observed in the magnetic field, as evidenced
by a broadening of the trace of the action potential (especially the
after-potential), can also be accounted for by this increase in the
relaxation time,.

The experiments on N. clavata indicate that a statististically
significant recovery occurs when the cells are exposed for short
periods of time in weak fields. However, higher fields affect the
cells irreversibly. An explanation may be that at very high fields,
the lipid molecules get out of reach of the restorative forces. On
removal of the field, the molecules turn loose and get into a state
of random vibration and rotation. In this case, the rigidity of the
potential barrier is destroyed and the cell fails to respond to further
stimulation.

In conclusion, the repressive effect of a constant magnetic field
on the action potential of N. clavatae can be qualitatively described
in terms of reorientation of membrane lipid molecules containing
polar groups.
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“Intensive agriculture is a research-intensive enterprise, and each
developing nation must be enabled to manage its agricultural re-
search for itself. The burden is upon scientists in developed nations
to assist nations learning the rudiments of this function.”

Philip Handler in Biology and
the Future of Man.
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DNA SYNTHESIS IN THE APEX MERISTEM
OF WATERMELON SEEDLINGS

PETER B. W. Lv

INTRODUCTION

It has been reported® that gibberellic acid (GA) markedly
reduces the length of cell cycles in the genetic dwarf of watermelon
primarily by shortening the S phase from 11.3 to 7.2 hours. The
shortening of the S phase by GA does not necessarily reflect faster
rates of DNA synthesis. Since Mitchison'? indicated that there
were numerous DNA replicating sites which were activated at dif-
ferent times during the S phase in eukaryotes, the decrease of duration
of the S phase might result from an increase of the numbers of
DNA replicating sites. Kusanagi®® found that the replication of
DNA in barley chromosomes only occurred at the early and late
stages during DNA synthetic period but scarcely took place in the
middle of the S period. These results suggested that the replication
of chromosomal DNA in barley during the S period did not proceed
in a continuous temporal sequence. Thus, a continuous or discon-
tinuous DNA synthesis may also affect the length of the S phase.
In this experiment, we compare the rate of DNA synthesis at
different sequences of time during the S phase between dwarf and
GA-treated dwarf watermelon seedlings in order to elucidate the
effect of GA on nuclear DNA synthesis in apex meristem.

Brain and Heming®™ first demonstrated that a genetically dwarf
variety of pea could be converted to normal phenocopy by GA
treatment. Subsequently, a number of similar results of the reversal
of genetic dwarfism by GA has been reported in pea’®, cornt®,
tomato®®, and cucurbits®®, It was thus suggested that lower levels
of endogeneous GA in genetic dwarfs is the limiting factor in causing
the retardation of growth. The attempt to reveal the action of the
dw-2 dwarf gene in watermelon through DNA synthesis comparison
in seedlings of normal and GA-treated dwarf watermelon is conducted.
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DNA in Mitochondria and Chloroplast®?1® which carries essential
information necessary for the function and replication of mito-
chondria may be well correlated with the process of cell division.
Degani and Atsmon® indicated that GA-enhanced DNA synthesis
took place outside the cell nucleus, probably in mitochondria and
chloroplast. The effect of hormone on cytoplasmic DNA synthesis
is also included in the subsequent studies.

MATERIALS AND METHODS

Two strains of watermelon seedlings were used for the experi-
ments; a dw-2 dwarf inbred line designated WB-2® and a normal
cultivar, Sugar Baby (SB) (Joseph Harris Seeds Inc., Rochester,
N.Y.). Seeds were germinated on two layers of filter paper in petri
dishes filled with 15ml. of distilled water. After 72 hours of ger-
mination, the uniform radicles were transferred to the 10—*M FURD
(5-Fluro-deoxyuridine) solution for 18 hours which was found to be
the optimum condition to synchronize the apex meristematic cells in
watermelon seedlings by arresting the cells in the G1 stage of cell
cycle (unpublished personal data). Following this, all seedlings were
transferred to the treatment solutions. The beginning of transference
was called initial stage. Four treatments were included in this
study; SB control, WB-2 control, WB-2 treated with 3.2 X 10—*M
FUDR, containing eight groups of seedlings with 10 in each treat-
ment.

In the meantime, a half hour pulse of 20ml 3*H-thymidine
(10/uci/ml) was given at every 2 hours interval to each group of
seedlings in the respective treatment for 8 consecutive intervals.
At the end of each interval, cotyledons in each seedling were removed
and 2cm of hypocotyl from the tip was cut and rinsed thoroughly.
Tips of hypocotyl were defatted in several changes of acetone and
ether. The defatted tips were ground in a Tris-45 homogenizer at
4°C adjusted to operate with the continuous additions of approximately
400 ml of grinding medium. During the grinding, the PH of the
medium was maintained at 7.2 with 6N NaOH. The grinding medium
consisted of 0.3M mannitol, 0.125 bovine serium albumin, 1mM
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EDTA, 0.05% cysteine and 0.05M Tri-HCL buffer at PH 7.2. The
homogenate was filtered through a layer of membrane filters and
the filtrate was centrifuged at 1000x g for 15 minutes. The precipita-
tion was assumed to be the nuclear fraction whereas the supernatant
included chloroplast and mitochondria®. Both fractions were deter-
mined by passing them from absolute ethanol to toluene scintillation
fluid (4g PPO, 0.05g POPOP in 1 liter of toluene) and counted in a
Liquid Scintillation Counter.

RESULTS AND DISCUSSION

Rates of DNA synthesis in nuclei fraction of shoot apex of SB,
SB + FUDR, WB-2, and WB-2+ GA over 8 consecutive intervals are
shown in Table 1. About 902 of cumulative DNA synthesis in SB
was inhibited by FUDR. It has been reported™ that 9025 of growth
in SB was inhibited by 10-*M of FUDR. Thus, nuclear DNA
synthesis is positively correlated with the seedling growth in water-
melon. Only a low level of DNA synthesis was observed in the first
4 hours after the release of FUDR inhibition among all treatments.
Comparative patterns of nuclear DNA synthesis between SB and
WB-24+GA are observed in Table 1 except at 4 hours interval where
SB shows a substantially higher rate of DNA synthesis than

Table 1. The rate of 3H-thymidine incorporation in nuclei of
shoot apex of SB, SB + FUDR, WB-2 and WB-2 + GA
over 8 consecutive intervals. Each value (C.P.M.)
represents a mean of 10 shoot apex

Hours after initial stages
Treatments Total?
0 ‘ 2 I 4 J 6 ‘ 8 J 10 ’ 12 ’ 14
SB 16 79 974 | 1,767 —% 2282 | 1180 651 8,974
SB+FUDR 42 128 107 183 37 96 121 141 855
WB-2 36 =4 108 760 658 | 1,798 | 1,712 | 1,807 | 6,951
WB-2+GA 32 84 371 | 1,948 | 2,811 | 1,982 937 405 | 8,570

a: The data were missing.
b: The missed data to be summed in total was filled with the average
of preceding and following values,
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WB-24GA. It could be explained that the lag period of exogeneous
GA to reach to the regulating sites of DNA synthesis in WB-2
nuclei caused the lightening of the initial rate of DNA synthesis in
WB-2-- GA seedlings. The initiation of DNA synthesis began 6
hours after the initial stage in WB-2 whereas 4 hours after initial
stage in WB-2+ GA. It was therefore indicated that GA could
enhance the initiation of DNA synthesis in WB-2 dwarf to a parallel
stage of that in SB. Thus, Jacamard’s hypothesis®® stated that the
effect of GA on cell division was to control the progression of cell
from the GI to S phase of the cell cycle could be proved by the
present study. Moreover, the drastic increment of DNA synthesis in
WB-2 + GA occurred at the second interval from the initiation of
DNA synthesis where as the similar increase in WB-2 was detected
at third interval from the initiation of DNA synthesis. The results
implied that in those stages, an expansion of numbers of DNA
replicating sites were occurred rather than the increase of absolute
rate of DNA synthesis since the increments were magnified by almost
3 folds within 2 hours period as compared to the preceding stage.
In this manner, GA would not only accelerate the initiation of DNA
synthesis but also increase the number of replicating sites by 2 hours
sooner in WB-2 dwarf as compared to their respectively untreated
stages. A constant rate of DNA synthesis was observed in WB-2
seedlings after the peak in S phase had been reached. On the other
hand, the rate of DNA synthesis in WB-2+ GA varied in different
intervals during the S phase. Housman and Huberman® also
indicated that the rate of DNA replication might change at different
times during S phase in mammalian cells. In this experiment, GA
intensified the rate of DNA synthesis to rise to a peak at 6 hours
after the initial DNA synthesis. The significantly less total counts
in WB-2 than WB-2+GA or SB implicated that the full DNA syn-
thesic period in WB-2 was not completed since all of them should
possess the same amount of DNA synthesis in each complete S
phase. It was identified by the results from cell cycle study‘® where
the S period of WB-2 was 11.3 hours. However, only 10 hours of S
period was included in the present experiment. Thus, the present
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study did not include a complete S phase of WB-2. GA restored the
mode of DNA synthesis during the sequence of S phase in WB-2 to
that of SB. The evidence indicated that dwarf gene dw-2 exerted
its effect on cell division through the retardation of DNA synthesis
by the low level of endogneous GA. The lower level of endogeneous
GA in genetic dwarf than normal strain was indeed found in
beans®®, corn®, and peas®.

Rates of °*H-thymidine incorporation into cytoplasmic DNA among
4 treatments are shown in Table 2. Similar types of cytoplasmic
DNA synthesis during a 14 hours period were found among SB, WB-
2, and WB-2 + GA. Thus, it was suggested that the shortening of
S phase in WB-2 seedlings by GA was mainly caused by an enhance-
ment of DNA synthesis in the nucleus but not outside the nucleus.
In addition, the inhibition of FUDR on cytoplasmic DNA synthesis
was not as significant as on nuclear DNA synthesis in watermelon.

Table 2. The rate of 3H-thymidine incorporation in
cytoplasm of shoot apex

Hours after initial stages
Treatments |- . | Total?
0 2 4 6 | 8 [ 10 | 12 | 1
SB 74 32 166 148 216 117 182 188 1,123
SB+FUDR 47 93 109 —% 85 76 — 9 682
WB-2 41 88 146 79 116 192 182 237 1,081
WB-2+GA 39 68 175 249 —# ] 150 196 145 1,222
Same footnotes as in Table 1.
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A STUDY ON THE MANUFACTURING OF
BLACK QUEEN GRAPE JUICE

J. M. Tsiang, J.C. Hsiex & J.J. Doneg

INTRODUCTION

The rapid rise in the consumption of canned and bottled fruit
juices all over the world has been one of the most significant deve-
lopments of the food industry in the recent years. Commercial
manufacturing of grape juice started in 1869 in the United States,
and the majority of grape juice is made from Concord grapes which
grow mostly in cooler climates.®

In the past few years, natural fruit juice consumption in Taiwan
has increased rapidly. Grape juice along with other non-tropical
juices was imported from other countries. Under the government
Accelerated Rural Development Program (ARDP), the growing and
processing of grapes is one of the important items. To develope a
new method of processing grapes besides wine making is urgent at
the present time. Due to this fact, the study of “grape juice manu-
facturing” raised great interest among many food scientists.

The climate in Taiwan is not ideal for growing grapes. Black
Queen variety from Japan is one of the best grape varieties suitable
to be grown locally, so we are interested in its processing quality.®

This paper includes the storage condition of the raw materials,
the processing methods of the juice, and the effects of containers, so
as to complete the whole manufacturing procedure.

MATERIALS AND METHODS

A, Materials.

Black Queen grapes were obtained from the vineyard of Ho Le
Village, Taichung County, Taiwan.

Black Queen variety (vitis vinifera X vitis labrusca cv. Black
Queen), cross variety of Baily X Golden Queen, was harvested
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around the end of June. The size of the fruit is large with reddish-
purple color,

B. Methods.

1. Storage test of raw materials. Grapes were placed separately
in plastic buckets (depth 23 cm, length 60cm, width 41cm) with a
content of 10 Kg each, and covered loosely with polyethylene sheets.
The grapes were then stored under different temperature and
humidity conditions for testing and observation.

For the experiment, 500g of grapes were picked at random,
were washed, destemmed and blended, then cold pressed and filtered
through two layers of cheese cloths to obtain juice samples for
testing. Total sugar was measured with an Atago refractometer
and was reported as °Brix. pH was measured with a pH meter
photovolt, and total acidity was titrated with 0.256N NaOH and re-
ported as tartaric acid.

2. Depectinizing study. Grapes were washed, destemmed, heated
to approximately 60°C, and this temperature was held for 10 min-
utes before pressing. The heated grape mass run into press cloth
bags for pressing with a hydraulic press. A depectinizing enzyme,
wallerstein - pectinase, was added into the extracted juice with
different concentrations. The extracted juice was then held in a
steam j.acketed stainless steel kettle at 60°C with different lengths
of time for the degradation of pectin.

Pectin residue was determined by using dehydrated isopropyl
alcohol. 2ml of the enzyme treated juice was centrifuged at 3000
rpm for 10 min to remove the suspended solids. 1 ml of this juice
was pipetted into a 10 ml centrifuged tube and was diluted to 2 ml
with distilled water. To this, 4 ml of dehydrated isopropyl alcohol
was added. The tube was shaken gently for a few secoends, then
centrifuged at 3000 rpm for 10 min. The determination of the pectin
residue was based on the observation of the insoluble white colloid
pectin precipitate in the tube after centrifuging.

3. Detartration study. Sodium caseinate and calcium lactate were
used for the study of rapid settling and elimination of argol (crude
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tartrates) from Black Queen grape juice.™

To the depectinized grape juice, 2% sodium caseinate solution
was added, followed by a 20 min settling period before centrifugal
separation. 22 dialite was used as a filter aid.

The centrifugal juice was flesh pasteurized through a tabular
heat exchanger for 10 sec at 85-90°C, and poured into the filler. The
pasteurized juice was then filled into sterilized hot 1.6 liter bottles
for storage. The bottles were placed horizontally for 10 min before
cooling. Different storage conditions were used for the settling of
argols. Samples to be stored in a sharp freezer at —20°C were
prepared by cooling the pasteurized juice before filling into 20 liter
plastic containers. ' ;

Another method of removing argols involved the addition of 224
calcium lactate instead of sodium caseinate, and the prepared sample
was stored at low temperature 0-4°C for the detartration of the
juice.™

After settling out the argols through storage, the juice was
filtered by centrifuging with 29 dicalite as a filter aid to obtain a
clarified juice.

4, Flavor evaluation. Juice from which argols had been removed
was conveyed to a holding tank. Sugar and artificial flavors were
then added. Different sugar contents and variations of flavors at
different levels were evaluated by several groups of people.

A rank sum at the 52 significant level was used for flavor
evaluation of the juice.®

5. Testing of containers. The juice was pumped from the tank
through the tubular heat exchanger for 10 sec at 90-95°C, and was
poured into the filler. The hot juice was then filled into different
sterilized containers. After filling, the containers were sealed and
inverted for 5-10 min, then cooled with cold water.

The juice packed in different can containers was stored at dif-
ferent temperatures for testing and evaluation. The vacuum of the
canned grape juice was measured with a vacuum gauge and was
reported as cmHg. The evaluation of color and aroma was based
on hedonic preference 40 as full scale. Tin in the canned juice was
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determined by the iodometric method.®

RESULTS AND DISCUSSION

1, Storage test of raw materials. Storage of raw materials is
necessary during the harvest season when the food factory is not
able to process all the fruits at once. Proper storage of the fruits
for a few days to more than a few weeks will not only prolong the
period of processing, but in some cases may also allow the fruit to
mellow,

Fig. 1 shows that during storage there is a gradual decrease in
total sugar of the samples stored at 0-4°C, while a more rapid loss
in total sugar was observed in the samples stored at room tempera-
ture (26-30°C).

15.0
—0O— 0~4°C R.H. 95%
—O— 26-30°C R.H. 85%
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Fig. 1. Effect of storage temperature and humidity on total sugar of
Black Queen grapes ;

The changes of pH and titratable acidity of grape as influenced
by storage temperature are shown in Fig. 2 and Fig. 3. A slight
increase in total acidity was observed in both conditions, due to the
loss of water during storage. So the slight increase in total acidity
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Fig. 2, Change of pH during storage
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Fig. 3. Change of acid content during storage

is insignificant in this case. A slight decrease in pH was observed
after 3 days at room temperature, and after 10 days at 0-4°C which
is correlated to the overall quality changes recorded in Table 1.t

Table 1 indicates that the grapes started to decay after 3 to 4
days at room temperature, while those stored at 0-4°C did not change
their appearance until the 10th day.

It is quite obvious that relatively low storing temperature will
prolong the life of fresh grapes. Under summer condition in this
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Table 1. Observation on the fresh Black Queen Grapes
under different storage conditions.

B S 0-4°C, R.H. 959% 26-30°C, R. H. 85%
2 Fresh appearance Pe;iggsiie%ried, berry drop
3 Fresh appearance Surface mold growth started
4 Fresh appearance Decay started
6 Pedicels dried, berry drop Severely decayed
occurred
10 Surface mold growth started
12 Severely decayed

country, fresh Black Queen grapes can be held no longer than 3 days
under room temperature, but can be stored for 10 days in cold
storage. Cold storage facility is almost essential in a food factory.

2. Depectinizing. Different concentrations of pectinase were
added to the hot pressed grape juice, and two different holding periods
at 60°C were tested to allow the enzyme to break down the pectin,
which helped with the clarification and detartration of the grape
juice.(2:7:9,10)

Table 2 shows that 0.0525 pectinase held at 60°C for 30 minutes
had the same effect as 0.1% pectinase held at the same length of
time. Since the grape juice was completely depectinized in both
cases, a level lower than 0.0525 was recommeded to be used in the

Table 2. Observation on pectin residue after
depectinizing of Black Queen grape juice.

Holding time at 60°C, min.

Pectinase 2
20 | 30
0.025 H- H
0.05 Ei= =

0.1 4 | -

4 Heavy precipitate
+ Slight precipitate
— No precipitate
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manufacturing of grape juice,

3. Detartration. To prevent sediments in bottled juice after
storage, detartration (removal of crude tartrate-argols) of grape
juice is necessary, Different detartration methods were studied and

the results are shown in Table 3.

Table 3. QOhservation on reprocessed bottled Black Queen
grape juice treated with different detartration
methods and storage temperatures.

Observation on the bottled
juice product
Storage Storage |Precipitate
temp. time in volume

Detartration treatments

Sample Forms of precipitate

Suspended particles

1. Depectinized juice | 26-30°C 4 mon, —_— (no precipitation)

2. Depectinized juice

295 Na-tCaseinate 26-30°C 4 mon, 0.525* Fine particles
3. Depectinized juice 4 Crystals with fine
22z Na+Caseinate —2°C 3 mon. 0.1 particles

4. g;p‘ﬁgilcz:sei’:;fg —20°C |1 or 2 wk, 0.2% Crystals

5. Depectinized juice —o°C

225 Ca+lactate 4 mon, 0.125* Fine particles

* The precipitation was still going on.

According to the results, depectinized grape juice (sample 1)
without further detartrated treatment showed a suspended cloudiness
in the bottled grape juice, while the use of sodium caseinate or
calcium lactate proved to be a much better method for removing
argols.

The form of the precipitate has great influence on the clarifica-
tion of the juice. Fine particles observed in samples 2 and 5 could
be a sign of incomplete crystallization of the crude tartrates, and
could be a form of very fine crystals which make the seperation
quite difficult.

By comparing samples 3 and 5, it is evident that the use of
sodium caseinate is better than calcium lactate in the juice clarifica-
tion. By comparing samples 2, 3 & 4, it is shown that the lower
temperature treatment, especially the freezing action, in addition to
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the sodium caseinate treatment will not only improve the precipita-
tion, but will also shorten the length of storage time necessary for
detartration. So it is clear from this experiment that the use of
sodium caseinate and low temperature treatment after the juice has
been depectinized proved to be a very effective method in detartrat-
ing the Black Queeen grape juice.®®

4, Flavor evaluation. The purpose of this study is to deter-
mine consumer preferences for a most acceptable grape juice. The
overall quality of a grape juice is determined by its color and flavor.
Since the original flavor of Black Queen grape juice not only has a
taste of astringency and tartness, but also lack of a pronounced,
characteristic flavor of grapes, the adding of sugar and artificial
flavor will be most important in improving this type of grape
juice.

Different sugar to acid ratios were tested and evaluated repeat-
edly. The studies showed that a sugar to acid ratio of 20 was most
acceptable,

Artificial flavors from Taiwan, Japan, and Holland etc. at dif-
ferent levels have been tested and evaluated. The final evaluation
on the two best artificial flavors is shown in Table 4. The result in
this table shows that sample 17 with flavor A at 25 ppm is signifi-
cantly better than sample 29.

Food industry experts were asked to evaluated Black Queen
grape juice which was manufactured according to the best processing
methods as a result of this study. Table 5 shows that this survey
on the overall quality of Black Queen grape juice was favorable.

5. Testing of containers. The selection of proper types of con-
tainers is important for the final overall quality of grape juice, es-
pecially its flavor and color. Single and double coated tin containers
from West Germany, Japan, and the United States were used in this
experiment, plain tin cans without coating made locally were used
for comparison.

The Mobil type tin can, with single or double coating, has the
best effect in maintaing high vacuum in the can as shown in
Table 6.



Fu Jen Studies 93

Table 4, Rank sum of Black Queen grape juice samples (S/A=20)
with different flavors evaluated by 13 panelists,

Rank

Panelists
Sample 17* !

Sample 29*

O 0 3G e W N

=
=]

—
(2]

R e e e e e e e e e BN

B o= NN N NN N NN D ~ N

13

Rank Sum

—
3]

(&)
N

Significant range 16-23
*Sample 17—Holland grape juice flavor 25 ppm
*Sample 29—Holland grape flavor Wonf, 50 ppm
Table 5. A survey on the overall quality of
Black Queen grape juice by 31 panelists.

Panelists Grape Juice Qualities
i Color
Opinion Aroma | Sweetness | Tartness |Astringency
Too weak (light) 3 12 2 1 1
Just right 25 19 22 21 22
Too strong 3 0 7 9 8
|
Poor Fair Good ‘ Excellent
Black Queen |
grape juice =5 4 ‘ le [ ?

Location: Conference room of the Federation of Fruit Marketing
Cooperatives, Taipei,
Date: October 18, 1875
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Table 6. Changes of vacuum of Black Queen grape juice packed in
different tin containers stored at different temperatures.

Vac.,, cmHg
Sample Code* Storage n((::ondition, Storage time, months
0 | i 8
1 Ws 21 31 32 39
2 Ws 29 31 34 31
3 Ws 37 3 26 29
4 WD 21 31 26 31
5 Wb 29 31 25 23
6 Wb 37 31 24 12
7 Js 21 31 29 32
8 Js 29 31 29 22
9 Js 37 31 23 25
10 JD 21 31 25 29
11 Jp 29 31 24 17
12 JD 37 31 22 11
13 Ms 21 31 30 35
14 Ms 29 31 31 29
15 Ms 37 31 32 27
16 Mbp 21 31 i 36
17 MD 29 31 29 35
18 MD 37 31 27 27
19 TP 21 31 29 26
20 TP 29 31 — 19
21 qp. 37 31 20 20

*Tin can manufactured by different companies in different countries
W-—Glasruit, West Germany

J —Tokyo, Japan

M—Mobil, United States

T —Taiwan

S —Single coating

D —Double coating

P—Plain tin can without coating

The degree of detinning of grape juice in different containers is
shown in Table 7 and Fig. 4. The detinning was very severe in
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Table 7. Changes of tin (Sn) content of Black Queen grape
juice packed in different tin containers stored at
different temperatures.

Sn Content, ppm
Sample Code* Storage ﬂ%ondition, Storage time, months
0 1 3
1 Ws 21 74 10.4 36.1
2 Ws 29 7.4 12.3 19.7
3 Ws 37 7.4 16.8 19.3
4 WD 21 74 16.8 12:3
5 WD 29 74 15.3 133
6 WD 37 74 134 13.8
T Js 21 74 . | 44.4
8 Js 29 7.4 53.9 16.3
9 Js 37 7.4 52.4 55.4
10 JD 21 7.4 124 28.7
11 JD 29 74 12.8 49.4
12 Jp 37 7.4 15.8 16.8
18 Ms 21 7.4 7.9 32.1
14 Ms 29 7.4 124 12.8
15! Ms 37 74 11.4 17.8
16 MD 21 7.4 5.1 79
17 MD 29 7.4 5.9 8.9
18 MD 37 7.4 8.4 9.4
19 TP 21 7.4 121.0 118.5
20 TP 29 7.4 1335 138.5
97 Tp 37 7.4 151.3 2385

* Same as in table 6

plain tin cans especially at higher storage temperature 37°C as shown
in Fig. 5. Low storage temperature as well as the coating treat-
ment of the tin can be proved to be important factors in controling
detinning. The detinning in grape juice could be caused by the
presence of anthocyanins which served as a depolarizer. Antho-
cyanins will either be reduced or form complex ions with Sn which
will accelerate detinning.
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Fig, 4. Detinning of Black Queen grape juice in different containers

stored at 29°C

*Refer to Table 6.

The overall quality, especially the color, of Black Queen grape
juice in Mobil type double coated cans seems to be best after 3
months storage at different temperatures as shown in Table 8, while
the juice in plain tin cans caused severe discoloration. The mechan-
ism could be explained by the fact that the anthocyanin pigments
which are responsible for the reddish-purple color in the grape juice
were either reduced by electrons to form Leuco-type anthocyaninst®
or reacted with metalic ions released from the steel plate of the can
after detinning occured.
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Fig. 5. Effect of storage temperature on the detinning of Black Queen
grape juice in plain tin cans

CONCLUSION

During the period of July 1975 till December 1975, storage and
processing experiments were carried out on the manufacturing of
Black Queen juice in order to find a most suitable manufacturing
method for the production of Black Queen grape juice. The conclu-
sion of this study is summarized as follows.

The life of raw Black Queen grape materials can be prolonged
sufficiently by storing at low temperatures 0-4°C. Cold storage faci-
lity is almost essential in the grape juice manufacturing process.
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Table 8. Color and aroma evaluation on the Black Queen
grape juice packed in different tin containers
stored at different temperatures.

Color? Aroma?
Storage
Sample? | Code? conczit'ion, Storage time, months | Storage time, months

WEH T pfl L a 3

WD 21 38 28 26 32 32 | 16

£ WD 29 38 26 24 32 28 15
6 WD 37 38 22 20 32 10 12
10 JD 21 38 28 26 32 29 15
T D 29 38 27 22 32 32 14
12 JD 37 38 22 20 32 14 13
16 MD 21 38 30 26 32 32 14
17 MpD 29 38 28 24 32 31 16
18 MD 37 38 22 21 32 13 12
19 Tp 21 38 30 18 32 32 12
20 TP 29 38 — 17 32 = 12
21 Tp 37 38 22 16 32 14 10

% Number and code of samples is the same as in table 6.

b. Visual color and aroma were evaluated on hedonic preference from 0
to 40, the higher the score the richer the color and the stronger the
aroma.

Wallerstein pectinase at 0.0525 concentration is recommended for
the depectinized treatment of grape juice from heat extraction of
the grape. For best result, the treated juice is to be held at 60°C
for 30 minutes. The removal of the protective colloids accomplished
by this treatment facilitates crystallization of the crude tartrates.

In order to get a clear and stable grape juice after reprocessing
and bottling, detartration treatment of removing crude tartrate from
the pressed grape juice is necessary. The most effective detartra-
tion method for Black Queen grape juice is the use of 22 sodium
caseinate, in combination with low temperature treatment of the
juice.

The tart and astringency taste of the juice can be improved by
the adding of sugar, sugar to acid ratio at 20 is most acceptable.
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The lack of distinguished grape flavor of the juice can also be en-
riched by a slight amount of artificial flavor. The overall palatable
quality of the Black Queen grape juice has proved to be quite ac-
ceptable.

Detinning of grape juice in plain tin-plate cans causes discolora-
tion. The most suitable way of solving this problem is the selection of
proper containers. Besides glass bottles, double coated tin-plate cans
seem to be ideal containers for grape juice. Low storage temperature
also has great effect on keeping the quality of canned grape juice.

Mavidin of the anthocyanins, the major pigment which contributes
to the reddish color of Black Queen grape juice, proved to be quite
stable during storage of the canned grape juice, (Work done by
Dr. T.R. Cheng, National Taiwan University.) Due to the relatively
high stability in heat processing and storage of Black Queen grape
juice, the Black Queen grape could be developed and cultured for
the best grape juice manufactured in Taiwan.
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*“As population growth continues, inevitably there will be instances
in which the food supply to one or another region will become, even
if temporarily, grossly inadequate and on so large a scale that
organized world food relief will woefully incommensurate. And the
resultant political instability could have gigantic consequences for

all mankind.”

Philip Handler in Biology and
the Future of Man.
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