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A B S T RAe T 

The paper sets up a system of coupled differential equat

ions to exhibit mil itary interactions. The twin military ob-

jecti ves of dominut ion nnd deterrence emerge as cases of '.'strong" 

and "wenk" interaction. It f6110ws from this argument th~t the 
i 

instab iIi ty 0 f t he arms race is a cun sequence of Its t rang" inter-

action, irrespe~tive of whether offensive or defensive (e.g, 

"Star Wars") strategies nre pursued. Finally, the.argument is 

enjoyed by on 1 y pnc s id::m:ty create .g reater manoeuvrab il i ty for 

stabilizing a regional nrms race. 

RESUMEN 

, . 
Este trabajn modela las interacciones milit~res con un par 

de ecuaciones diferenciales simult§ne~s. Los objetivos mil ita-

res geme10s dedominaci~n y dlscusi6n apareccn como casas de in 

teraccion "fuert0",y ~'debil". Por ello ~:,()l1cluimos que la i11CS-

tabilidad de la carrera armamentista n~sulta de la presencia de 

inter~cciones fuertes, indepcndientementc del hecho que las es-

trategias sean ofensivas 0 defensivas (por ejemplo el caso de 

" ,la "Guerra de las Galaxias"). Finalmente, extendemos, este arg.u

mento, 31 casade carreras armament'ist:.!s locales para mostrar co-

rno el acccso u la discllsi6n nuclear por un s6lo de los contrin-

cantcs puedo 3ument:lr el margen de m:miohru que se'ncccsita pa

rtl estabilizar lln[J carrcrn <ll'lllamentista regionnl. 
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We all kn(lw t)1L' intuitive logic behind an arms race. 

whenever two ,J(ivcrs:lries try to dOllli.'2~lte on.e another in terms 

of military strength, they end up chasing one another in arma-

ment build-up. The resulting arms race -usually based on the 

false doctrine that "negotiations are possible only from a 

position of military strength,i- is unstable; because neither 

sid~,is willjng to compromise on the basic motiv~ of, attaining 

,5uperiorit;y in jts miljtary posl1:ion. This is the'simplest;, 

• and yet, the most fundamental reason behind any arms race, no 

matter'whether it is between two superpowers or two regional 

,powers. 

, To capture mathematically such nn unstable race in 

~ arms, consider two 3dver~aries, wbos~ respective arms stocks 

are (unidimcnsional1y) measured by x "and yrespectively. 
0, 

'*' " The desired armamc>nt stock of 'country X is x and that of 

country Y is y*. However, given the motive of military domin

'ation, the desired stock by either country must exceed that of 

its adversary. Formally, this can be represented as, 

* 1 (1) , " = a. y a > • • • • • • • • • ~ 0 • 0 , 

and, * b. )' = x b > 1 • , • • • • • • • • • e • (2) . 

The current rate of ar~ament build up by either country depends 

on its E£l'c('i\'c~--.S~ betw('en its desired and .;)ctual stock i.e., 
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2. 

dx . 
* ( 3) crt" - x : 1/1 ex - x) m > 0 . . . " .. " . • 

and, ~ . 
(y* y) (4 ). - Y = H - n > 0 dt , ....... 

The parameters m and n are the "speeds of adjustment" of 

the act.ual stock to its desired level in the respect.ive coun-

tires. :rhus, if country X t.ries t.o cover its perceived gap 

in arms in say, 4 years t.hen, m = 1 (4 years. 

Ins~rting (1) and (2) in (3) and (4) respe~tively, 

we have a simple sys~em ~f linear~ coupled differential equat

~ions in the fol1q~ing form:!/ 

" J 
, , 

" r i 1 I " 
L Y J 

= 
[ 

-m -: ma ]" [ x -

nb -n y 
(5) 

" 

It is clear that the eigenvalu~s of its characteristic equat-

ion, . 
-I 

~ 2 t- ~ ( m + n) -!- m n (1 - a b ) = 0 

have negativ~,renl parts if ~nd only if 

I ' 

a b < 1 e ••••••• · ••••••••••• ., •••••••• (6) 

Thu~, the arms race d~pictcd by (5) enn stahlize at 

., 
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its stationary value ,It the origin (0,0) only' if (6) is satis

fied. Howev~r, this condition (6) is contradic~ed by the post

ulate of military domination motive, namely a > 1 and, ~ > 1 

assumed in (1) and (2) respectively. Consequently, we have 

confirmed our intuitive understanding that an arms race can not 

be stable when.~oth_ sides try to dominate militarily. 

For expositonal convenience, th~ prece~ing mathematics 

was kept to its ~are essentials. The analysis could be com-

plicated by "shifting" the origin and allowing the stationary 

value of (5) to be obtained at positivi values of x ~nd y . 

. This wo~ld mean incomplete disarmament as a possible position 

of equilibrium, unlike (5) wh1ch specifies complete disarmament 

as the only possible equilibrium position.!/ Similarly, the 

~peeds of adju~tme~t, m a~d ~ need not ~e constant. For ins-: 

tance, m or n could be zero, whenever there is no perceived 

* ,gap e .. g., (x - x) ~ 0 entails m = o. Such an assumption 
I 

would rule out the assumption of "running down" of arms stock 

through.inadequate replacement, but would not qualitatively 

change the preceding analysis. 3/ Higher or lower values of the 
I 

speeds of adjustment would only set the arms race in faster or 

slower motton without aff~cting its stahility property given in 

(6).!/ It would also be trivial to 'non-linearize' the domin

ation motive by replacing (1) e.g, 

• 

x *= f(y), where fCy) > y and fl > 0 •• (la) 

., ; . .. 
..... ., 
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In this. non-linear c~sc, the local stability condition would be 

h . ( t·. t h h '. c, . ( 6 ) h t e same us 1n .0), except at·t e pnrameter a In as to 

be interpreted rilen :15 thc v.11ue of the derivative of (1a) 

, evalu..i.:'CI at the stationary or equilibrium position. 

More. interestingly, even this simple ~odel emphasises 

t6e crucial influence of military intelligence on the arms race. 

For in'stC!nce, the military intelligence of country X may.be 

~ystematically overestimating (deliberately or btherwise) the 

armament stock of country Y by some factor k, where k > 1. 

The advers~ry!s estimated stock.according to military intelli-

genee is'then, 
... 
y = ky, k > 1.' 

'In so fa r as the desired stock· of country X is' based 

. on such overestim~ted strength of country.Y, we ha~e, instead 

of (1), 
.. 

* A X . = ~y.= a k y a > 1 an d k )0. 1 . . . .. ( 1 b ) 

-As (Ib) suggests, deliberate disitiformation leading to syste~-

atie- overestimation of the adversary's military strength is Just 

anoth~r wa·y· of hiding the'more blatant motiv~ to dominatc. Not 
51 

surprisingly, this can only destabilize an arms race furthcr.-

'If domina-tinn 'is the motive to gain military supremacy, 

detcrrence is its ~bverse. It consists of the ability to ~etcr 

., 
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the adversary from attaining a position of military supremacy. 

This doctrine of ~.C'terrence_ :lssllmeJ exceptional ~ign.ificance in 

a climate of therlllo-llllcle:l1' stalemate in the post-second world 

war era. Possessio)) of nuclear weapon meant that either super

power now had the ~hility to inflict overwhelming and indiscrim

inate damage to its adversary (civilian as well as military) 

ev~n in a retaliatory second strike. This level of damage is 

consider~d so large as to he unacceptable by the potential first

striker. And, it results in theabil~ty to deter the adversary 

from gaining a positionde~isive military supremacy to launch 

any f.irst strike' attack. 

Suppose w~ represent such an "adequa!_ely" deterrent 

pos.ition by a. certain level of military strength, ~hich is ; .".

·.country x.~/ So tong as this" adequately deterrbnt position does 

not 'depend on the adversary's armed strength, instead of (1), 

. w~ have, 

I. . x* = x, an arbitrary positive constant ..... (lc),' 

'. I " 

Acc~rding to (lc), country x desires an independent deterrertt 

policy, not in ·the le~st influenced by its adversary's military 

strength. Therefore, it cannqt be drawn into the arms race. 

It follows that the arms race is necess~rily stahle at the point 

where, country'x hrls hui 1t up its ade'quate, indepenJent deter

re.nce power (i). This can be formally checked by replacing (1) 

.. 
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by (lc) and pxarnining the stahility propcrty of the resuJting 

differential cqu;lti011 system described by (1<;), (2), (3) Hnd 

(4) • 

6. 

In formal tcrms, replacement of equation (1) by (~c), 

uncouples the system of differe~tial equations. This is,the 

logicnl extreme ca~c, where country X refuses to int~ract mil-

itarily with country Yaltogether. From this point ,of view, 

dominat~on can be consid6rpd as a case of strong ~ilitary in

teraction, representpd by 'high' values of the parameters 'a' 

and' 'b', e.ach exceeding unity in equations '(1) and (2). Qilver

,se11, an 'independent deterrent strategy lies at the other ex

~reme with no military interaction. Inbetween these two polar 
, 

cases, there lies ,a whol~ spectru~ of weak miljta~y interaction, 

where at least one side responds relatively mO,derately to the 

military build up by its adversary. This could be represented 

by parameter'a' or 'b' in equation (1) or (2) taking a value less 

'than unity. From earlier stability condition (6), it would be 

p 

imm'ediate1y obvious that such moder~te response by at least one 
.' 7/ 

~ide improves the possibility of stabilizing the arms race.-

But therein also lies th~ tragedy of ~n arms race: ~ven if coun

try x. is very .moderate i~ its response l.e, the parameter 'a' 

takes a value well below unity, ~ sufficiently strong domin~t~ 
, . 

ion motive by coulltry Y, represented by the val4e of parame~er 
i 'b' (ar exceeding unity, can still destabilize the arms race by 

violating condition (6). In other words, it wotild take 

both sides to stabilize an arms race; but· it takes 
• ., 
one £ide t.o c1ef,tab-:~lize it, except when 'one count:ry 

I 

aac., j£.. _ ] ; tcMWA i.WAX U)z(Z;qJ&£& .. @ ... ARU1W£@PA·& 



7. 

follows an _jndep{'n(k~lt stratpgy of adt'qu<ltP det0rrcncc (ns in - -. ----. _ .. _-------------_._-----------_._-----
(lc)). 

Unfortuna~-ely; the persuit of any inc1epe-ndent policy 

of adequate deterrence is jeopardised by its own logic. Ef

feciive deterrence r~quj~es the country following such a po] icy 

.to maintain an unacceptahly high level of destructive power vis

a-vis the Cldve rsary. Consequent 1 y, ;my improvement even in the 

defense cttpabi 1 i ty 0 f the adversary wou'ld reduce his pe rcei ved 

level of threat. In turn this would undermine the deterrent 

power. It becomes pointless in such a situation to disting'Jish 

between "offensive" and "de-fensive" weapon systems in propelling 

an arms race. E~ther type of weapon syste~ may fu~l the.arms 
t-

race as increased "dcfens{''' c:Jpahi 1 ity of one side induces the 

olher side to incy('£)se its expenditure on "offensive" weapons 

in an attempt to maintain its adequate power of deterrence. 

This blurring of the distinction between offensive and defcnsj ve 

weapons is inherent in t~e logic of dert rrence in -sofar as- re1-

iance has to be p]ac0d on offensive wc~pons to threaten the ad-

f h ·· d f b· -, . 8/ versary or ac levIng - c ense 0 Jectlve~!-

Consider the case of ..:-ountry X wanting to maintain an 

adequate dptC'rrent position with ofEC'nsive armed strength. Using 

subscript '0' ·to denote 6f offensive ~trength, we can rewrite 

(lC) as, 
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However, its dptt'rrc-nt stn'ngth may h0. continously undermined 

fro III Xo due to ~!~LE..:.!!si~e arms possessed by its advt~rsCiry Y. 

Thus, the dE'sirE'd stock of offens ive arms of country X i.e,. x.* 
o 

must be such as to m('lint-ain its deterrent streng~h at Xo despite 

the defense capability of itg adversary Y. Using subscript 

. 'd'to dE'note defrnsive strength, a simple (and analytically 

most. easily trnctahle) formal way of representing this is, 

- * i , 
Xo = Xo F (Y d) F >. 0 

.. , , 
*. - , 

or, ~o·= x + ·F (Yd) F· > 0 . . . . . . . . . . (1 d) 
.0 

where, Yd represents· tho stock of defensive arms of country X 

and the funciion 'F' represents some specifIc way iri which def

ense capab iIi ty. 0 f . Y undermines the deterrent sytength of X • 

If is .. obvious that (1 d) has a simil ar mathemat ieal form encount-

ered earlier in (la), except for the constant term x represento -.. 

ing the deterrent strength of X vis-a-vis Y. Tnerefore, o~e 

. would expec.t the earlier analysis to hold: the arms race ·'oJould 

become unstab I.e 

if the military intera~tion is strong between offensive weapon 

acquired by X (I.e x) 
.• I 0 

and the defensive wea~on acquired 

by its adversary Y (i.e, J
d

) • 

. To elah.orate the· analysis, assume country X concen-

trates entin-"ly 011 offensive weapons in pursuit of its deter-

rence strntcgy whereas, count ry Y cnncentratc5- t'nt i rely on 

... 



dcfensivp wcnpon~ to r0Juc0 its perceived level of military 

threat. Thus, count!"} Y would desire its stock of (kfensivc 

\~ (' a po n s t () 1) e S 11 ~ has 1 0 red u c e t h 0 mil ita ry t h rea t t 0 5 0 me 

a r hit l~ a r i.1 y 1 0\-1 <: n () s tan t . 1 eve 1 A, w her e. x > A > 
o 

" 9/\ o. I.e, -

or, 

A = "0 

*. -1 
= F Yd 

- 1 
where, F E G 

(A ~ x ) 
o 

-
, Xo > A > 0 

, 
G >. 0 II. 1(1 •••• (1 e) . 

Inserting (id) and (le) in relations "(3) and (4), the 10cal 

stability of the c~upled system of differential equa~ions c~n 

be seen tb be guided by the conditi6n, 

.t , 

F G < 1 0 •• 0 •••••••• 0 •••••••••••••••••••• (7) 

" . 
, , 

9. 

where, the derivatives F and G "are eva t lW t cd at. the i r eq.ui 1 -

ibrium values (provided such an equilibrium exists). We have 

"therefore arrived at the expected res~lt in (7) in accordance 

with (6). Even if one country, Y in this case, maintains a 

dominantly defcllsive posture in terms of strengthening only its 

defense system, the aims rac~ c~n still become unstable, if 

. ."" . d"" (7)" . 1 d 10/ 1ntcractlon IS" s~r()n~,l.e; con Itl0n . 15 VI0 ate .--. the 
r 

basic "reason for thi~ is worth recalling: the doctrine of 

detc rrence cr{'al es the "pu rad('lx of secud ty" whC'rp, a country IS 

.; 
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. security is enhanced only by undermining that of its adversary. 

Therefore, if the J . .!.!i!hll s i tuat ion 'i s already one of deterrence 

based on mutunl1y assl1red destruction (MAD), it makes little 

sens'c to draw a distinction' hetween "offensive" and "defensive" 

weapon systems irrespective of the phy~ical characteristics of 

those weapons, nt least in sofar as the continuation of the arms 

race is concerned~ !ndeed, increa~ed defenie capability ~t the , 
margin (measured by the derhrative F' in (1 d)) would furt'her ',des-

tabilize an arms race by upsetting the existing balance of deter

rence among t'he two super~powers .ll/ . In o.ther words, the int.~n- . 

iity.of mililnry interaction, irrespective of whether the 1'es-

ponse is in terms ~f "offen'sive" or ,"defensive" weapon' systems, 
~ . . 

continues to be the crucial determinant of the arms race, ~hen 

deterrence ~efines·the initial condition. 

, . 
The importance of the above proposi tion can he m.or~' fully 

.ppreciated once we divert our attention from super-power to re-
o -.-

g'ional arms races. Suppose country X not only has' conventional, 

weapons but also enjoys nuclear deterrence vis-a-vis its ~dversary 

'Y. Ho.Wever, this happens to be one-sided nuclear deterrence, be

c~use country Y possesses no nucleatcapnbility; its only option is 
I 

to try to maintaIn superiority in terms of conventfonal weapons 3S 

12/ its policy of detcTrence.·- The nature of this one-sided nuclear 

deterrence enjoyed by country X is best established through its 

declarec! policy oJ renunciation of first nuclear strike in all cases. 

Under these circumstances it is worth while to.investigate whether 

country x, assured hy its one-sided nuclear deterrence power, is in 

a position to exert a stubilizing influence on the regional arms race 
., 

by reducing the degree of intensity in military interaction. -In 
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other worus, we SCl"k rh(' nn:llytic~l I.:onditions under which 

nucle:lr deterfl'nCl' elljoy<,d by only ono side" may have some pos-

sibiljty of hringing the rpgional' arms race to a halt. 

Denoting by subscript 'c' and by subscript In', COll-

ventional and nuclear weapons respectively, the problem cnn be 

set out more formally. 

Let the desired stock of conventional weapon of country X 

* (Le, xc) increase as th,c adversary's conventional stock rrc) 

increase's th rough u'suc.ll mi 1 ita ry interac t ion des cri bed in (1), 
. 

"t.o (ld). * However, this ,desired stock x 
c, 

decreases as countfy 

X itself possesses more nuclear weapons (x ) r partly because 
n 

it requires less Df conventional weapon to deter the ~nemy 
-

fr'om attack'ing (i.e, the strateg'ic motive of deterrence) and, 

also part 1 y because, const raint- on the overall defense budget 

would reduce allocation for conventional weapon prqgramme due 
I 

to a larger nuclear weapon development pl";~,rClmme. :rhus, t~e 
, I ' 

desired stock of conventional ,arms for cou~try X is represented 

by; 

c 
= a }' c - h x 

It ' 
a > 0, h > 0 (8) 

where, x"tl,= stock of nun.'Ial' weapons Possc.ssed by country X. 

Obversely, the desil'pJ stock of conv~ntional weapons of cou~try 

Y (which, by assllmption possesses .no nuc;l,ear weapons) is given 

.. ' 

--- -------------------------------------_._---
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as, 

* y c - b Xc + P x n ' b > 1 , P > 0 ........ (9) 

Not.e that country Y would normally d('sire to maint~in superior-

ity in convt-"nTiol1~1l arms. (i .e, !J > n .. as its bnly option to a 

s.tnitegy of deterrence ;'lgains tbe ndFersary.· ~n addition, it 

may dc::sir~ to illcF'ase fU,.t!i~r its ~onv('ntin!!.2_L strength jf the 

advers·ary X increases j1<; lHH.'lear strength (i.~,·p > 0 in (9)). 

country X by assuming· that it incrcases its.nuclear str('n.~t!l 

whenever it lag::; hehind its ·adversary in convenUou<!l .\-lC:-.pU:i". 

In the 5 ~ mp 1 es t f'HIn, th is ·is reprcsen ted by, 

I' 

,.' x = g (y 
II C 

Xc) , g > a ............... (10) 

whcre, g is the sp0"d of adjustntcnt for !lucii;'3r wcaflOns. 

]lIserting (8) .:illd (9) in (3) and (-1) respectively, and 

using (to), Ive have the following syst('i1I· of differential Cfltwt-

ions depic.t.lllg· tlll.~ !·('B.l~n~·,~:!.!!.~~(' \o:i..!..!~_.£!!.!.x. one side p\.\S~(·s_

si.ng nuclear \~~!!r.nn~: 

.- r-
+mal 

~ 
~ x . -til -mh Xc .. ;, c i ~ 

~ t( I 
t 

~ ; i '\ ~ , 
~n '" ! - g () +g Xn 

I 
• f t i 
, 

, 
! r l 

, 
tlb 'j Y C' <: . '. np -n .. J ..J .... 

( 11) 

"A-. 
. ., " .. .. ' ." . ......... ' 
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L i k (> our pre v j nils 0(1 u Cl t i. 0 n s y s t em (5). (I 1) i s c h 0 sen ( for 5 i m -

plification) t,) 1)(' homog(,f1colis. This means (11) also has an 

equi·librium (lr st:lti\.)nary solulion at the origin (0,0,,0) re-

sentl" 1'he 1-" t" f ttl d" t 13/ .pre. .ng con -lgura Ion 0, 0 [J lsarmamen .--

The characteristic equation of (11) is given by, 

r. " 1 
).3 :+ (m·.+ n)A2 + ~n n (1 - an) - g (np + mh)j A~mng(ap+bh-p-h)-=o 000 (12, 

It can be checked that all the ejgen~alues of equatiOn (12) would 

have negative re~ll !--al ts so that the origin would represelit a 

.stable eqli·i1ihrjum (stationary) position if,.!i! 

Conditio;) A: 

Condition B: 

Condition C: 

,and, Condi ti on D: 

, I 

(m + n) > 0, ~lways satisfied. 

mn (1' - ah) > g (np'+mh) 

(ap + hh) > (p + h, 
mn (m + n) (l-:ab) > grmn(ap+bh)~(m2hf-n2p)-1 

l. _ 

Note that conditions, B apd C together imply that milit

ary internct:ioTi in terms of conventional weapons m'ust be w~a,k on 

the"one hand (i.0. ab < 1 from condition B); but on the other, 

one side mo~t be guided ~y the motive to dociinatc in terms of 

conventional weapons (i.e, a or h must neC:f'ss;)l"ily exceed unity 

to satisfy condition C). This 'is ensllred by,(9) where, b > 1 

and cOlldi tion (B) t~ln ionly be' sat isfied if a < 1 to make 

possible. 

... 

> ah 
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Cnnditj('ll1s CA) to (n) ellso establish that the spt:,eds 

u of adjustment (pafumcrrrs m, n and "g) do m~tter in affecting 

the stability IHt)rl'l"ty i.n more complex situations of the arms 

". 

• 

." 

r ace J inc 0 n t r a s t tot h t.' S i'm p ] er s t a h i1 j t Y I..~ 0 n d i t ion ( 6 ) 0 r 

(7) .. Howl'ver, we can cOllsideT<lbl}' simplify the above conditions 

CA) to (D) by assuming that the speeds of adjustment are roughly 

of the snme orde r j. (~, 

m = n = g (by assumption) ....•.•...•..• : .•... (13) 

. In this.~eci3.1~:~?~£ of equal speeds of adjustment "given by (13), 

the above conditioils (B) and (D) sim'plify respectively" to, 

Condi t ion" (H. 1): (1 ah) >. (p + h) 

and, Condition (D.l): (1 - ab) > (ap + bh) + (p + h) 

It is ev~dcnt th~t, (D.I) entails (B.l) so tbat, we are left only 

with Conditions C and (U.l) to be"satisfied for the stabili~y of 

the arms race in the special case given by (13) . 

. . 
Some straight forward numerical examples (e.g. a = 0'·2, 

b = 2·0, p = 0·1 and h = 0·1) show that Conditions C and (0.1) 

lean indeed be simultaneously sat~sfied. Thus, there is some 

'possibility of SUd.l a r~innal arms race to stabilize when ·it 
. . 

ope-rates I.Ind':.f 6!]£:si~if'd nuclear detcrr~n(;e. 
. • I 

Not to InsIst on 

supe~i ori t y or e \.'('fl pa'ri t yin te rms of convcn t ional' wea pon s 

. . .. 
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(i.e, a < 1 while b ? I) so long as a country enjoys one-sided 

nue] ea r de t e rrenc(' i ~ rorh a p~. the mos t importan t necessary, hut 

not sufficient condition for this. In general, weak military 

interaction, implying nil thc cross product terms ab, ap nnd 

bh" sufficiently small to satisfy (D.l). becomes a realizable pos-

sibilit.y for the country ~njoying the protection of on"e-sided 

nuclear deterrence. However to realize such potentialities for 

stabilizi~g the r~~innnJ ~rms T8CC, it is essential tp have the 

wisdom t.o recClgnize that mClderation and not over-rcaction Cln be 

an expression of gcn~1ine strength that is guaranteed by one-silled 

nuclear' d('tern~nce. It is tragic whcn the politics of populism 

prevents strength from cxpressirig itself through moderation in 

military mritters . 

, 

" r 

. i 
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Footnotcs 

1/ The res111tiIl~ system of equations (5) can be secn to be for-

.ally similar to the celehrated equations of Richardson 

(1960) in 50 far as, Richardson's "defense" terms corres-

pond to our pnrameters 'ma' and 'mb' here, while his' "fat,igue" 

term has the val~e of -m and-n° herc. Our interpretation is 

different from that c:" Richardson bec[.;use, we arc primarily 

interested in formally capturing'the motive of milltary dom-. 

ination . 

. 2/ This would rt~sul t 1.n a system' of non-homogeneous equat l:-rlS, 

where the constant non-homogeneous terms was descrih~d as 
. . 

the "grievance" term.by Richardson (1960) . 

.; .. 

3/ It 'would be· evident from a~ analysis of the phase diagram of 

(5); see Bhadllr i l.1982) O. However, a VI.'l"y high' rate of obsol-

escence ~f the weapon systems -an expression of the technol-

. ogical aspect of the arms race-just Ii i.'s ~he 11oti,on of neg

ative rate of arms build-up i.e; net disinvestment in arms .. 

Jt' mClY be rec:llled that such negati ve net investment (at ze.ro 

grps's invc'stmcnt) plays a eruei'al part in the "upturn" of 

several endogenous cycle mode~s . 

4/ I,e, so long 'as the speeds of a~justmcnt m and n are not func-
.. 

t ion s () f :( and' y t 0 a v 0 ids e rio 11 s non - 1 in ear i tie 5 0 

0, 
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5/ 

1 7 • 

St·ockholm International PE'ace Research Institute in its Ye.1r-

books rcpeaH'd!y point<.'d out how t.he CIA has been known to' 
, , 

have a systc'n:lticupwarJ bias in estimating Soviet military 

expenditure e.g~ see SIPRI Yearbook (1981) pp. 8-12. 

(1982) provides some detailed account on this point 

\ 
Pardos 

The 

mathematical condition for ·stability in presence of such 

overestimation would he, abk<1 which is obviously more strin-

gentifk>l. 

, 
6/ x may now to be measured (imperf,ect] y) in the number of 

- nuclear warheads. See, McGuire (1977) for a summary of this 

-measurement problem . 

7/ I.e, iris a necessaty but not sdfficient condition . 

8/ This is the "paradox (If security". --- the national secur-

ity is enhanced only by undermining that. of the other! 

9/Note the function 'F' may not be estimated to be the snme by 

10/ 

countries X and Y in general in (ld) and (1e) respectively. 

If country. Y hns only defensive weapon.s, it cannot by defin

it ion. launch any a tt ack (e. g, .d igg ing tunne Is aga ins t nuc 1 ea r 

ta]l-~ut). In such a case, a strategy of deterrence based 
, 

on second strike b~com0s unjustifiable for country X. We 

r~le out this -extreme. case in the discussion where country Y 

has no offensive strength whatsoever. 

.. . 
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11/ Its relevance far Str~xcgic Defensp Initiative (popularly) 

.known as "Star Wars") should be evident.' Note in our math-

ematiea1' representAtion, a higher value of the derivative 

~~, measuring ef{ectivenes~ of defense ~ystem at the margin, 

. would make the itability condition (7) more.stringent. 

I I 

12/ I~rael vis-a-vis its adversaries in the Arab wotld or India 
I 

vis-a-~is PAkistan may well be real-liie examples of such 
I 

one-sided nuclear deterrence. 
' .. J 

.13/ See earlier footnote (2) "nd the related discussion. 

14/ Eoil~wing conditions CA) to (D) follow from the applic~tion 
I 

of Hunvitz's well-known theorem. Accodringto it CsimiJlif

ied for our present purpose), the characteristic equatiun, 

A2 + a A + a = 0 
1 2 

I 

have real parts of the roots negative if, a > 0 and n > 0 
1 2 

(see equation (5) and condition (6)). For the third-order 

polYllonti,l1 (as in (12)), 

'3 A + a A2 .+ a A + a = o. 
J 2 3 

the ranI parts of the roots are ncgativt) i f t a > a (Cond i t-
1. 

ion A) , :J > 0 (Condition 'B) , a > 0 (Condition C) and, 
2 3 

a a - a >'0 (Condition D) • 
1 2 ,3 

., . I 
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