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ABSTRACT
The present paper is a guick survey of the phencmencn of

The firet part of it deals with the experimental data perti-
nent to thermionic emission and the early attempits of different
investigators for a gsound scientific explamation of Them,

C—L

In the second part an attempt 1s made

N - -

Statistics which is the basis of the Fowler-Hordheim theory of

6
i,

electron escape through s potential barrier. The emphasis of

D

xplanations of thermionic emission agree with the experimental

evidence, only the Fowler-Nordheim thecry lies within the bound-

&

ies of modern concepbions of matter as they have been developed
by Pauli, Sommerfeld and Bloch,
In the third part the details of the derivatvion of the ther—

¢ presented, based on the Permi Stat-

£

micnic emisgion formula

a+td
STLEE,

T

The paper 18 ¢losed by a brief discussion of the general
tendenay of Modern Science to uwnlfy the explanation of the phy-

sical world, with the least number of principles and assumptions.



1.1 EARLY HISTORY

Two hundred vears ago many sciéntists noticed that air
1loges its insulating strength when in contact with the sur-
face of a hobt mebtal, Some work devoted to the study of the
phenomenon proved that this was due %o emiésioa of charged
parvicles from the surface of the hot metel. Tr is 1s what
one calls thermionic emissicn.

Particularly, in 1883, Edison nobticed a transport of
electricity across a relabively good vacuum within the bulb
of a earbon Filament electric lamp when a positive plate
was introduced in the bulb.

Later Fleming, using Hdison's observations, constructed
a rectifier velve.

The precise nature of the carriers of electricity,

amithed from hot metals in vacuum,was revesled by Thomson

in 1889,

1.2 Fﬁﬁﬂévﬁﬁ THERNICONLC PHENCMENA

Fhen the phencmenon of thermionic emission was es-
tablished, different investigators tried ‘o gtudy its de-
pendence on the temperature of the emitter, the voltage

of the colleec cting electrode and the kind of maberial used

gg an smitier.
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Using the Tasic clrcult shown
Pig. 1, they established the re-

1in
gults shown schematically in Fig,

2 and 3.
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The next naturel step was the theoretical justi
resulis and their guantitaiive represembation.

The funchtion 7 =
progewts wo distinct psrts:

which

Has been adegua

Many atitempis

theoretically the dependance of the saturation

The experimental resulis

were gatisfactoril

- o

epproximated by the l"a I
funeticon

x
KT

_ i
L= 4T

ately explained

ectd and 18 of no inter

Ty
g

egt of thisg

have been made to Justify

current on temperature,

where A = consiant )
4 Mg, 4 T
e - = il
O=5or 2
= = congbant depending on the material, Even though this may
» g W § A 1 Fal ) 5, L3 2 i
seem impossidle (1 = 5 or 2} ata first glance, it iz true on account
' - X
of the rapid change of the funciion e KT with regpect to T when n
iz of the order of L.

SNEWErS

selentificaelly correct formula depends though on the
by which thermionic emizgion tekes placs.
e i T, 5 .5) L7 E. k) il
First Richardson attempted an evaiuation of

agsunption

are acceplable, The
actual phenomens

the sai:ur ation

that the alfhwﬁcm—; of &



metal bBehave like a neﬂfect g5 Richardson agsumed further that

3

thege electrone have s Maxwellisn distribution of veloecities and that
gt the surface of the metal there's = potential barrier of C volis,
Thug he determined a sabirstion current
12 ~ G
I"AT ‘ =1 - i 2
= = ke g

After Richardson, Wilsen.(g} ghowad that an emdssion formuls covdlid

dyriamic method ifnvolving Clapeyron's
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eguation, Thig idea wags developed by both Wilson and Hicherdson
ﬁmya%m&dtﬁ%tﬁzdemmwmagﬁﬁgnﬁsmwmmw'ﬁeﬂmtmfﬂslm

thermal eguilibrium, even though electronic current is flowing through

6.
Thug they found that the saturstien current is
— b - X
L=F o e (1.3)
where

ade

I = the meen transmizssion eocaefficient

x = the work function

4

In the above formulag the constants are evaluated from plots like

Fy

This was the situstion until = few decades ago when it became

1

apparent that Drude's comceplbicn of sclids was not true even though

the ides of an electronic gas is still very appealing.

=

A

The objection to Drude’s ideas is that they lead

C'I"
O
0@
2
'ti)
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i

clusions which are nob experimentaelly verified. (See for exampl
Seitz: Theory of Sclids p. 139 — 1640}
On the cother hand Sommerfeld; Psull and Bloch had given = pic

of the structure of metals based on Ferwi-Dirae Stetistics which gave



yonderful results in explaining thermal and electrical conductivity

end other experimenial data referrving to the behavior of metals.

So if any attewpt, of relating tihe thermionic emission to the
metal structire, was o be made; it oumhi T be based on the wmodern
conceptions of matter. The introdueticn of new assumptions seemed
hoth superflucus and undesired.

Thig has been tried very successfully by Nordheim

X

who by ugsing Fermi Statistics

-

given by the formuila

1. %, L 0.
5 KT
é — work Funchion in eV
The Fowler Nordheim expression for the seiuraticn current is simi-
lar to Richardson's equation (1.3) but it is based on more sound assump-
tione which are in perfect agreement with the modern conceptions of
golids.,

-

Here instead of dealing

by

urther with the details of the deriva-
tion of the Fowler-lordheim equa “"ieﬂﬁ we pause for a while and present
the Ferml Statisties.

The reason why we present the Fermi Statistics, apart from its
sclentific value, is that in almost 21l the literature it is referved
as "gecording Lo Fermi Statistics one haS.........”, 30 it seemed

ather ilnter st;wg to investigate what exactly that Fermi Statistics

is,



DART II

The melecwles

of idedl gases, his main cbjective wag the explanaticn of the behavior
of ideal gases at very low temperstures., This theory, though, had a

tremendous impact on the further development of the modern conceptions
of matter.’

Fermi Suafued by saying that he would try to Jjustify the behavior

of ideal geses by using the least nunber of assumpiions.
This he postulated that the mo?ecui of an idesl gas ney be

agssumed ss encloged

forth in a periodic

parallelepiped which moves

menner sc that 1t can be quantized.

back and

The hypothesis

T the gasg is ideal

allows one to negleect the

effect of the other

moiecules on the one under comsideration,so thab
+the motion of the molscule is determined only by external forces,

Tt ig worth nobing here that this is generally a week polnt of

the theory.,

Wext, Fermi examined whether Pauli’s principle of exclusicn could
be applied in the case of ideal gases

He assumed that only
et of guanium numbers,

ones which characterize

the one

external

riot depend on the

foree, such

one molecule in

o

As guantum munbers
the in
translational motion.
nolecule ig uhder the infi

that it is

Force.

he econgidered not only

pew?orm% g a periodic modion which

This of course ean be done

given gas can have a given

+the

s

+ternal mobions of the melsecule hubt also

vence of an



differvent ways, one of which ig to consider the mclecule &8 o harmonic

b

faX

noeillator under the influence of & central

%"*)_
te

ge, LI v is the char-

8]
acteristic freguency of the oscillator this force will be

Z,.-_I"l"/“‘vgm v

and its potential energy

2Rl

Y e 2!‘1 v T {2,1)

v  distance of molecule from the center of the force,
Tre gquantum numbers of the molecular oseillator will be S,, Sp---

In order Lo completely characterize a partieular gas molecule one should
2lso consider the quanbum nusbers which refer to its intermal motions,
But one can avoid this complication by exemining only monatomic gases
wﬁich are in a ground state and so there is no need for inmbernal guan-
+tum pumbers, Fermi stated Pauli's principle in this case as follows:

"In a given smount of momstomic ideal gas there can exist utmost
one mclecule with a prescribed set of guantum numbers S§,, LR "

The toial energy of this molecule will obvicusly be

W= hv (5,454 ) =hsy (2.2)

or in other words the total encrgy can be only an integer muliiple cof
hy, OF course this iﬂﬁeger‘can'%e,realized by different combinabticns
of 8,,8,... a8 10:&.g a5 $p S+ =5,whebe S, ¢an take any value

0, 1, 2~ The number of possible combingtions is

sy (522 "
Q, = : (2.3)

in obther words there are

L

1 molecitie with ensrgy 0

3 moleculies with energy hv

A molecules with energy 2hy

e . e sty e G AR A Pl T e 1 et T i i B 55 A L R o Yt £ . e o

o £ H 1%
(3e1)(S+2) = ; R $shy

2



Tt is interesting to note heve that at zero temperature (T = 0)

s will be =t 1ts lowest level of cnergy

L=t

E] - B o
g gLVen smount oL

1]

%

T has only one molecile this would be at zero energy level,

=4
h
fta

+ has 4 moleculés, one wiil be ab the zero level and 3 wil

P
oty
Fe

oceupy the v energy level,
Last if it has 10 moleculés, they will be distribulted gs follows:
1 at zero energy level
2 at hy u - 1

6 st Zhy o 1

¢

Fermi noticed this distribution and in his paper he emphasizes
the similarity between an ldeal gas and the electrons of an stom with
many elechbrons (ot T = 0), This hint méy have been the ignition
spark of the work of Scmmerfeld and others on eclids and of the work of
Fowler-Hordheim on thermionic emission.

Gases are not ﬁheugﬁ.ﬁade of 1, 4, 10... molecules., So Ferml
examined how a given amount of energy is distributed between ng mclecules

-

of an ideal gas which occupy & unit volume, The total amount of energy

is:

W=Ehy (2.4)
Suppose that He is the number of molecules having energies shy
Aceording to the previous asswmptions

Ny € Qg

ZNS: AP

SsMNy= £

Let P be the nurbsr of combinationg which is made of Mgy places wilh

{2.5)

et

ensrgy O, ¥ places with energy hyw cves Mg places with energy ,5F1;z

Two combinations will be the same when the places oecupied by the mole-



10

cules are The same, Thus two combin ations which differ only by &

erent, then the number P should be muliiplied by mn,l{ From whati

follows though cne can ses very easily thet this would have no €ffect

o

2

on the final result, what-so-ever.

Lecording to what has been sald above, the number of combinations

P

5

of the Ng molecules, out of the Q.s possible positions for the ensrgy Sf?nl)

will be given by

0

% - Bt (2.5)
' Mgl (Qg - Ng ) !

In other words this is the probability of having Ny moleculss ai the
energy ievel Ssx\?, Thus the tobal prebablliity of having Hgp

molecules at O level, Kl ab hv 1ever e.b.c., will be

the
n .. &1 .
P o= (I ... Qs - N e
N‘: Ne Mg

gince all energy levels cceur simuilianecusly.

by

The next problem is fo find the most pvomaDWO vglue of P under

the constrainis

g::

& N = Tg

‘-u
al

Z oY = E. : (2.7}

5 a maximum problem solved with the help of Lagrange's coeffl=

o]
L
s
in
[l

cients and Stirling's formuls for the factorials

Fermi showed thet P has itg most prébable value when
. ps

¥g = Qo e e. . {208)
| + ae®s
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The theory which has been presenied in the previous pages would

4 step towards this end is the evaluation of the function T = (aﬁﬁ}
wirich correlates the temperature of the ideal ges with its energy
and volums,

T,

hie could be done of courss by assuming Bolimmenn's enbropy

3”

»
3

prineiple as true., According to thig principle

a
R
ES
m?
-

serperature can he related fo

k) -

the ensrgy of s glven amount of Idesl gas Through the density, which

e

‘& funcition of the digtances bpelween the mcolecules,
Thig when C-peo the previougly developed formulae must colncide

with the classicel cones since the motions are completely randomized.

. ; ) ~ . i
Tor - oo the average kinetle snergy of the molecule is 24

nd the distribuiicn of velceities isg Maxwellian., Thatl means that
the tempersbure function is kunown for densitics -» Q,
This point is very essentlal in the Fermi Statistics because it



Stetistics, at very high tempergiures, To the augthor's astonishment |

thig fzet ls oresented as a happy coineidence in many a relerence,

For higher demsities Fermi examined the probability of mcolecules
with %Kinetle ensrsiesg between L and L +dl, The total encrgy of sueh
molecuies ig

L+2n2v3myv? L+ 2a%v2wmvisdl

snd since ‘2,2 2
sl-\,v = L+ 2n*vimy

o L

v ——nrr—

5

(2.11)
ol s

<

A molecule characherized oy fhe gquantum numbers & . 5, ... will
[ ] z

u

have the coordinstes

r \/H_;, cos (2nv|:' -Q,)

i 5, €05 (2nvt-a,) (2.12)

‘y:
7= ‘/1?{%3 cos (2nvE—ay)

where H g (2.13)

ZnZvwvn
a; = phase cons tants with equal probability of ocourrence.
But the probebility of having », Y, € Tbetween x+dx - x

dxdyd g L dxdyd%
: — : - (2.14)
Y TR R ROV

hility for all possibvle combinations is
| dxdydz l
Qs n? v

where the sum iz to be taken for all integer solutions o

M

£
i

5= 5o+ 32 + SE
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If one assumes thal there are Ny molecules with energy S lw wrLch

follow the Fermi statistics, this vrobsbility becomes
4 Q@g“ﬁﬁ d.xcifyé-% s J , )
Yi. = =% — L2el5
s [4oe® n® v

Integrating over the whole specirum of positions cne find

, -ps
2 ce’ T3
Ns= —To Fs VHs-v? (2.16)

| +a e Ps

Thus " Ci.S of thesge molecules mayvy be at the energy level between
5 =1 h

L and I +d k. Hence the density of molecules at this level of energies

will be
Y\(L)cLL. = YI-SCL,S; =
_ZF\EVmE v? ......,,..;t;.
?._l"! (ZM)\/- (o T =4 h e hi
- 3 Ldb - L2m vmﬁ_z
p-a-a.e. e hV

(2.17)

This formuls coincides with the one given by Maxwell when v et o0

Thus ' L .
X - T
W(dl=kVi db e " o m(L)dL (2.18)
w—“b =l
which means that
hy
B e 2a L
P= —F (2.19)
and the distribution expression glOW becomes: L
£ 2T BT
2n (2w Ae
A PUNE LALLM _ )
W |+ Ae T e
- 2n%imy '
Asae wT
The totsl number of molegules is 3/,

" o= j,a'n (L) di = (Zn:-g:T) F‘ (A) (2.23}
Fa). 2 (T AV e Tdx (5223
Vo e Aeg ™ -




L d

The average kinetic energy of the #olecule is

E = j?ﬂ(L)dL = %KT gﬁf)_ (2.23)
F{A)

G(A) = = j'w AP dx | (2.24)

i}

: e
Thus the temperature is relabed to the physical condition of the
gas because A'—'F'(T) and L:fz(T )a:ﬁd consequently
s n s (A R
P = Zmb = muw T S ) (2.25)
3 TS
Next Fermi evaluated the integrals G (&) and F {4} and the

- 4L .
gpecific heat of sn idesl gas ¢, = - which he finds ih perfect agree-
i voaT’ ©

ment with the experimental evidence,

This is though out of the scope of this psper once the main poinis
of the theory have been emphasized and the assumptions which led to the
development of Fermi Shatistics presented.

How is the appropriate time to examine how Fowler and Nordhelm

used the Fermi Statistics in their theory of thermicnic emission,
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3,1 THE PERUT ELECTRON Gh

Following Drude, assume that the electrons of a metal pehave 11ke

an ideal gas, Further assume that the eieﬂb“o-“c potential energy in-

oy

this fmplies no loss of generality whatb-

[0}
pe
h
]
S«
[
=
6]
¢t
03
i
s
n
8
a
o
b}
{3
c..l,«
~

s

so-ever) and equal to ~¥p &nd thet it veries in a certain fashicn up

to zero,at infinite disbtance from the metal surface, The way in which
the potential barrier varies from -Wy 1to 0 need not concern us at
the present moment,
. o

The tobal energy of 5 given
electron will e

Eaw b~ W

3.1)
L= E o+ g ~ v,
. x

theae electrons follow Fermi Statistics

e

Assuming further tha

thetr epneroy distribution curve will be given by the funeltion {2,.20)

S

namely drn= nt)dl = C.f\f}: L

L=t
N e =t + |}
where
| %
) 2n(2wm)
ginge elecirons have an extra quantum nunber referring to thelr
- ~ £

spin. and L 2

5 | 2ﬂ‘avamf

o
Tt ie inderegting to exsmine the weanﬂna and value of the poara~



Iy F N

g} Tempergture egual fo zero.

7 o oy l * A o . - e oy 7 e

The form of — T 18 illustrated in Fig, ©. Thus one

wt 4 |
may write € i
bt
ewv4l

i

i

fo
!...

8. 0
In other words at absolubte zero all the enérgy levels below L7,

ape fiiled with clecirong whereas gbove L'g they are completbely empty,

The actusl value of L', may be

determined from the relaiionship

"‘*’\
A
3
H
3

0
H

1]
n““*x
&
ﬁ
[
-
]

is the number of electrons per unit volume of electronic gas.

2/.
L! k 3 e ’ (3.6)
° Eivvu 8na e

-

It is interssting to note that L'g de

nends oy on the dengity of the'

o

In the previcus derivations we teciily assumed e econmtinuous dis-

trivution of particles and emergies which is not a loss of gemerality

i

if one congiders the smallness of distance between the particles and

the smsll steps by whieh energy levels change #

,3

gir values.



The difference bhetween Wy and Lig iz what we call the work
furetion of the metal,
Aso the mesn energy of the particles, a guantity useful for
ASATTRE T QAT T I Hhia T 7
CoOMRariscnsg, 18 1IN whli cage
— -]
? 3 ¢
. 7 x y
L, = 4+ Jevidl: £ i, (2.7
v <&
=2
b} Cese iz which T is small in comparison with L',
This eage iz very interesting because L', is much larger than

wT bhelow the melting

The paramebter L' may be determined from the eguation

i (TP VT dL
g = - j TTL AL ' (3»8>
[~

integrals of thig type. The derivation is not of any interest To us.

The result thoush is very meandingful, Nemely

L'z L' 41- -“f(ﬂ)af

(3.9}
2
L= L | 4 = s
o 12 Lo
where L'g and Ly ere given by (3.6) (3.7}
Needless to say that in case (B) LY can be gpproximated by Lig.

¢) Case in which L'

For most metels this ig true st temperatures above the meliing

. o0 Hhis case

e

e

-

. . X . R . P
Tols esge slgo, in whleh o 1s compsrable ©o B, is not of any

=
o
o)
ast
ta
ol
fd
by
&
-
l._.l
Q
=

help to the discussion wh
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The derivations of cases a and b imoly some very interesting con-

clusions, Namely that the assumption of an eleclronic gas, whiceh

eter L' mav be taken as sgiial to L', for all temperatures of

'd
!
o]

Tnterest in the cage of thermionic emission, while from Fig. 6 we
conclude immediately that for T>0Q there are electrons which

have energies higher than 1)

ACCOHDING TO FOWLER AXD

3.2 THERMIGNIC FMISSION AND SHOT

L

Fowler and Nordheim suggested that the emission of electrons from

hot metals may be comsidered as the escgpe of energelic particles

C‘i‘
;433

nrough

!‘3
e
a
L3

a potential surface bar

They developed an intercsting theory based on Ferml Stetisgtics

LWL

and Wave Mechanics { in Orde“ éo take baxe of reflecticng of the
escaplng electrons) which sgrees with the experimental data on ther—
mionic emissicn.

T what follows we present a simplified version of this theory,

neglecting aliogether the affect of reéflectlon.

T+ has been mermtioned glready that thermionic emission is the

phenomencn in which an electronic current evaporates from a healed
o e e . e praa RSN &)
metal in the absence of an electric figld, whereas Schowily e

1

.SSvOﬁ refers to the evaporation that oceurs when the metal 18 st a

negative sotenitial

®

Lot us determine the way in which the electronic pobentisl varles

nesr +the surface of a metal. Suppose that sn electron is at & distance



X from the surface of an uncharged netal, where ¥ ls large corpared wit
an interstomic distence znd smell comparsd with the dimensions of the
surface, ‘Then the only foree that sels upcn the electron is the classical
sttractive image force F: which is given by the eguation

Fi = - — (2.10)

Asgume fuptisr that ingide the ¢

% -

metal the poteniial is ¥

ot

Thig is nod & restriction of the generality of the trestment which
Tollows,

Of course there are some diffieulties in the determination of the
meia’l surface from the slectric point of view, bub they are of minor
imporisrce.

When the metal surface is ab a negative potential, resuliing in

s repulsive £ield E, the potential energy assoclated with one charged

Ve: - EEx (3.12)



C ek #y + PE
L 2 Wo- "-g;;;'gj T (3.16)
2 %
I T Prt ke L
E Z vy

agcording ko Fig. 7 and equation 3.15.
The total number of electrons with mements in the range fo-.k
lp,x +d Fx,. e.t.c. striking a unit area of the surface, in unit

time, is

- oL
-, _ d dis.
vz [n (L)«i}lx‘i?y di?z U = j: {L) ‘5?,( h £3.17)
since , ‘ AL
v, = grx

where n' (L) is the number of electrons per unit volume of momentum
space, Tae elecironic gas under consideration follows, presumably,
Fermi Statistics, Hénee

t
A dls VDAL (3.18)

ewy
The number of elecirons given by the shove expression cccupy a

spherical sheil of radius }og congt and thiclkness ci?: The volume
of this shell ig

32
4np'dp = 4n (2vl) d 2wl Za(@m)Ldl  (3.19)

and thus the mumber of psrticies per unit volume of momenium space

will be
/ 2 |
: L) - N "
A C ) - ka %-_ng (/ 9.20)
. ' e Wt 4+ |
an

‘ 2 i oL 4 dp  (3.23)
[, dp, 3p, 3Ry T:fﬁ-;—-» — %rﬂ“d{”’ P2



= o . K P y gD i - L e I N Y . . e .
and the tobtal oobentisl berrizr 2t the surface of the metal takes

the form of Fig. 9, desceribed by the function
2
&
e S 13)
v = In) éox 1 VJO. \_D@H.
k
- 2
- wa w <
with a maximum value By
3/ .
(3.14)
\f:— € "“'—*:;:,:i?’ Y
Yarniég w
This maximum valve delermizies Wa
2 new effective work function é;_,

& - /4!784} (3.25)

73

where @ i the work function as defined in Fig, 7 (d‘g: and & are ex-

Let us now compube the number of elechtroms which evaporate from

of the metal surface in uniit time, Assume that th

il
g:;
E
e
o
i
H
D
el

D
@
P}
&
3
L

CA T N

{kinetic) of the electrons inside the meltal may be writlen as a

-

fumetion of the components of momentum and choose the x-axis To be
normal to the surface. Then as long as the potentisl berrier is &
funetion of x-alone the Yy and ?_‘ somponentsd of the mementum of any

LY

electron that passes through the surface ave preserved, Hence if g

g T dmrerd Py E B el
energy L ST e greaner than the barrier DELEI




[ o

But cne has

when cne intesrates with respect to = F“ onily and the previocus

integral beeomes

v’-:_.;w eié»yj/déazf L&,+i =
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Thug the current will be zé
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cne designates by V7 the probability that the electrons

It
which have suf ficien® energy to get over the barrier are reflected
Tasl 470 ¢ !
ack, cone finds EJ ¥@+§é
2 -EF 2 TRTT AT
IS =AT (I“r‘)e .-:.AT_DQ
Incidentally D is nob independent of T but in the previous
formda we merely indicate the way i - which it enters into the

saloulstions, Nordheim has shown that J?vw [ ror all practical
pufposes,

The value of the constant 4 derived on the previous theoreti-
cal sssumptions is twice as large as the one evaluated experimentally.
Thig deviaiion was o be expected after all the simplifying assump-
%ioﬁs which have been made during the above derivations. Namely:
1.  Congtant momenta P v s Pz - This is gpproximstely true be-
csuse the gradients along the emitting metal surface are not zero.
2. ¥Ho inbteraction bebtween the electrons. The assumpiion that the
electronic gas follows Fermi Shetistics implies that 1t is congid-
ered as idesl, This, of course, is True 10 & ceriain extent at

high temperatures



3. Plane emitiing surface. This agsumpbion simplifies the derive-

g

i1

tions very much because even small surface abnormalities resudt in
apprecigble modification of the potential barrier,

by  Work funchion independent of temperature which is not true

completely as one may see from the formulas for the parameier LMe-.



s-eye view of the pheno of theymdonic emission has

been given in the previous discussicn. The emphasis has been pulb
mostly on the Ferml Stadistics because it is the author’s cpinion

that in this way all the quantities used in the derivations beccome

D

meaningful and not arbitrary, to the exient the wade agstmpiions dre

true.  On the other hand Fermi Statisbtics have bhesn very frulsful
in the theory of solids so that their use is completely justified
in the case of the phénomenon of evaporation of particles from metsl
gurfaces.

Tne point of view of egeape through a poientisl barrier is
also plausible since it ig in perfect agreement with the experiment-
2l evidence welated hoth to clean and cozted metal surfaces,

A word is due at this poimﬁ zhout the aectusl tendency of modern
science to uwnify the phenomena of the physical world, stariing from

.8 & fortunstie situsbion because

i

a few basic assumpilons. This
otherwise, with the high degree of specialization reguired on bh
part of different scientists, it would be reasonsble, but not Justi-
fiable, to conclude that sconer or later there would be no connection
betwaen the different fields, whatsoever.

The attempts of unification seem for the time being complicated
and uncomprehensible. This is due to the fact that people are still

rather wnfamiiiar with then

s

or in some other cases that they have besn
oversimplified %o the exteat to lose their esgential points. .

The author does not shere the opinion that some of these atliempts



do not express anything elde than a mathematical or spiritusl pler

i

on the part of the scienmtist whe suggests them. On the conwrary,

tne aulhor thinks that they stem from an ineviteble necessity,
which bhacomes more and mors mature as selentifie knowledge increases,

Torthermore the author believes thabt all these suggestions:

veault mostly Ho eonstant product rather than ratio of basic assulp~

tionsto knowledge.,

Jenuary 1955
Cambridge, Mass,
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