
detailed analysis of' c:~cli biological interaction tcrm. which is 
omitted here in the interest of brevity. 

The study also fi11ds that the plankton model is I'i~ndnnicntally 
dependant upon the vertical dilhsion tcrm in the plankton trans- 
port equation ( I ) .  and in particular upon the value of K, which 
quantifies the amount of* vertical turbulent mixing. Wlicn 
applied to 1;irgc hotlies of water. h', is I I S I I ; I I I ~  modelled by :I 

simple f.i~nction of the vertical density structure of the fluid. as 
buoy;lncy efkcts niay help to generate or  suppress turbulence. 
The study shows that plankton growth near the surfi~ce is 
strongly responsive to the value of K,. as blooms can be trapped 
near tlie surl*:lcc Ibr sm:~ll K,  or  diflhscd away from the growth 
region rapidly when K,  is large. In this way tlic plankton responds 
to the lake's density structure. which is predicted by the two- 
dimensional flows of' the model. 

Discussion 
In this ;\rticIe I II;IVC attcmptcd to gi\.e a flavour of the coupled 
pliysic;~l-ecological modelling which is now possible using com- 
putational techniques. ant1 I have given a brief' example of such 
an application which has been pcrli~rnied on :in ordinary desktop 
coniputcr. 

I t  should be noted that the formulation 1 have used as an 
example here is at tlic simpler end of the spectrum of plankton 
models. I t  is possible to adopt modcls with many more state vari- 
ables. representing dillkrent species of plankton and nutrient 
types and ;~ddition;llly mt)dclling such factors as Oxygen concen- 
trations. the bcntliic (bottom-dn.elling) communities. and even 
the elrects of higher organisms such as fish. However. extending 
models in this \\ay c:r~i be probleniatic due to uncertainty in the 
mathcm;itic;~l rcprcscntations of ecological processes and tlie 
increasing number of poorly-known parameters which arise 
fro111 such increased cc>mplexity. The model used :IS an example 
here is mcrcly the lirst step in a series of attaiipts to capture 
matl~ematically tlic interaction between the physics and ecology 
of tlie thermal bar circulation [101. 

Tlic most important consider;~tion is to lirid accurate results 
\vliicli are o f  relevance to tlie real world. regardless of tlic com- 
plexity of' the model used to obtain them. With :I host of parame- 
ters to be set in each ecosystem model. increasing rapidly with 
every new sopliistication. i t  is the lack of' in-situ hydrobiological 

da ta  required to v;~lidatc these parameters. rather than 
computing power. which now limits tlie numerical morlclling 01' 
pl:u~kton cco1ogy.U 
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Pensions By Dickens 
T J Fairclough CMath MlMA 

Wickfield & Heep punctual especially in such inclement \ \~c:~t~icr if I m;ly t;lkc the 

T heclock wasstriking tlir appointed hour on a drizzly Deccm- liberty of  saying. 
her morning as 1)rnlid C'c>ppcrlicld tapped liglitly on the 'Good Morning Heep. Mr. Micawbcr'. sitid Coppcrficltl. 
counting-house \vindow. Above his head and below the nodding to each as he entered the chamber. removing liis stovc- 

three brass balls a painted wooden sign proclaimed " Wick field & pi pc hat to shake the raindrops from i t  and sitting down as he 
Hecp - Independent Fitinncinl Advisers". Inside Uriall Heep spoke. 'l have an appointment with Mr. Wicklicld. plc;~sc be so 
jumped down from liis stool and thrust aside thegreat fat book in good as to tell him that I've arrived.' '13lcss you sir' rcplictl I-iccp 
which liis lank fi>relinpr Iind been tracing each line as he reitd. 'Rut unli>rtunatcly Mr. Wicklicld is inclisposed totl:~y ;tntl  h;ls 
Hurrying over to the door he unctuously admitted his visitor asked me to stand in for him unless of' course you have any objcc- 
with a grinding of palms and liis customary two bows and tions Master Copperfield'? - I should say Mister. hut tlic other 
scrape. comes so nnturnl.'said Uriah 

'Good morning Master Coppcrlield niy dear Sir and most '1 suppose not' replied David i~nentliusi;tstic;~lly. 'Very wcll 
welcome I'm sure to my cr.,. I shoi~ld say of course o,,r ilmble then let's get down to business straight :iw;~y sli;~ll we? I've 
establislinic~it. I t  is indeed the mark 01' a gentleman to be so rcclucsted this meeting because I want some lin:~ncial :tdvicc. 
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Thanks to thegenerosity shown to me in the will of a distant rela- 
tive. the late Mrs. Lirriper, I have recently inherited a modest 
lump sum. It is my present intention to  invest this unexpected 
bcncli~ction ; ~ t  4% per annum with the Rank of England in a 
quantity sullicient to provide me a regular pension of forty 
pounds ;I year. Such an income. although considerably more than 
the seven shillings thiit was once my weekly stipend from 
Murdstonc and Grinby. may yet be insufficient to meet all my 
filturc needs and I am interested to discuss ways of increasing the 
income. I'm willing to consider any prudent suggestions you may 
care to recommend.' 

Mr. Micawber's Opinion 
Mr. Micawber. sitting on tlic high stool in his capacity as confi- 
denti;~l clerk to  Uriah Hecp. hiid been listening to the 
proceedings with interest. He now jumped down to say 'My dear 
Copperfield, I'm delighted to hear of your windfall and please 
accept my sincere coniniiscration on the sad circumstances that 
gave rise to i t .  With regard to such matters as income and expen- 
diture I hold resolute opinions and my advice is easily stated[l] 
"Atit~rrrrl itit.ottic, ,/i)r!,. po~rtitls. trririi~trl c,.\-pc1trtlitrrrc~ tlrirtj.-tiitic~ 

/>oirritLv riitie~te~c~~i trtitl .si.v, rc~.vrr/t l i t t~~~~i t~c~,s ,s .  At i~ i rr (~ l  itie~ot~ic~ , / i )rtr  

poirtitl.y trtitiirtrl c,.\-l,c~trtlitrrre, ,/i)rtj' /~orrtit/.v orr,y/it trtitl s i v ,  rcsrrlt 

r~ii.sc*r:~: Tlic, hlossot~i i.v hli~qlitrrl. /lie* 1c~r1f ' i .s n~itlic~rc~cl, /lie, got1 ~ f ' r k t r j ~  

~oc,.r r1011.tr IIIIOII tlio clrc~trr:l~ sc.c,trc~. rrtitl- trtitl iri sliort j301r trrc~,/ i )re~~~c~r 

floorr3rl. As I crtti!" 

Coppcrlield weighed these words of wisdom c:~refi~lly before 
venturing to remark 'That's very clear Mr. Micawber. I will defi- 
nitely bear those sensible precepts in mind and thank you most 
kindly. Wlii~t do you say Hccp?' 

'Of course Master Copperlicld. most excellent advice i t  is if I 
may be allowed to say. Particularly suitable advice it is on the 
o.v/~c*trtlitrrrc~ sidc of tlie equation certainly but perhaps a trifle 
morc guid;~ncc coi~ld yet be supplied on the itic~onic sidc of the 
equ;ttion sir if I may make so bold'? Why, any fortunate gentle- 
man blessed with such a considerable degree of capital might well 
increase the aniount of income he draws from it. Of course tlic 
precise amount of income taken would depend on the particular 
circumstances of his age and health and hisdesire or  otherwise to 
leave ;I fortune behind him when the time cventi~ally comes for 
him to become a partaker of glory.' 

'A trille more guidance to be supplied Sir'?' spluttered Mr. 
Micawber at last and with somc asperity. 'Pray explicate to tlie 
present company on the specilic shortcomings of my advice that 
you so evidently perceive and to which you have so kindly 
alluded!' 

Uriah Heep's Advice 
'Goodness gr;~cious mc Mlca\\ber'. >a111 Llriah Heep. 'A thou- 
sand apologies if my clumsy manner of speaking has led you to 
mistakenly believe 1 thought there are any shortcomings in your 
clear assessnicnt of the situation I'm sure.' 

Mr. Micawber. seemingly mollified. went on to briskly say 'Per- 
hapf then Mr. Heep you would be good enough to explain how it 
is possible to t;~kc morc than 4'XI per annum from an investment 
paying4'XI per annum without, in short sir, ending up in the work- 
house!?' 

'Ry all means sir. if '  you will kindly allow me the opportunity I 
will attempt to clarify my meaning.' said Heep, hurriedly contin- 
uing. 'It is clear that the lump sum in question must be f 1000 for 
that is the amount required to furnish £40 yearly interest when 

invested at 4%) per annum. Obviously if intercst rates remain 
fixed at 4'Xl per annum and if only the f40 interest is spent each 
year as income then the f l000 capital will of coursc survive 
intact. continuing to earn E40 a year for ever and cvcntunlly pass 
into the hands o f the  estate beneficiaries. Indeed for this reason 
such an  income producing investment niny be ternled n pcrpcl~r- 

 it^^.' 
'If Master Copperfield wishes however. lie could increase the 

annual income over and above f40  by simply taking out instead 
say f5O or  even f 100 a year. Of coursc taking the cutra income 
would eat into the original f 1000 capital. The capital could even 
disappear altogether if Master Copperfield outlives i t .  That 
would leave nothing for the estate and niore to tlie point, nothing 
more for Master Copperfield. Another, perhaps more cautious. 
way to increase the income is to sign over tlic entire f 1000 to n 
Mutual Society in return for what is termed an trtitiiri~j,. This 
would provide a guaranteed income for tlic whole of Master 
Copperfield's lifetime. It should be appreciated however that 
unless special terms have been negotiated at the outset. annuity 
income generally dies with the recipient leaving nothing for the 
heirs' 

David Copperfield nodded as lie 1c;rned back in his chair. He 
said ' I  must admit that the notion of slowly running down the 
fund by drawing a trille more income over and above the f40 
intercst has already occurred to me. Unfbrtunatcly I encountered 
some arithmetical difficulties when attempting to calcul:~te the 
number of years the fund would last for tlic various hypot1ietic:il 
amounts of income. Ideiilly of course I would like to arrange 
matters so  that the fund and myself expire together for if the fund 
expires first then I doubt I can be long after. I t  seems that on 
average a person of my iigc can expect to live for about 22 more 
years and I certainly wouldn't wish the last 5 or  I0 of them to be 
passed in the workhouse as Mr. Micawber hiis speculated. 
Perhaps Heep. you or  Mr. Wickficld may have somc fi~rtlier 
advice to help me out of this difriculty'?' 

Misery Postponed 
Uriah Heep held his hands clasped togctlicr in front of his chest 
and raised up  his eyes before saying 'No11. t~iirc~li lrci1,c~ I to he* thtrrrk- 

, / ; I /  ./Or it1 liriti*q (111 tlie~.vc, j,cJtrr.v 11,itIi Mt: li'ic~(fic~l(/! I t  ;.v A4t: 
I+"c(/ic~/t/'.s kit~tl l l .  ititoitiori tlitrt ,y(rvc t ~ i c  ttiy trrrich..c: 11*11ie.l1 11.o111tl 

ot I ic~r~~~i .sc~ tiot Iitrrc, 17c~evi 11Y11riti 11rc r r 1 ~ 1 1 ~ 1 ~ ~  tiicit~tr.v tiro~lie~r trriti 

sc~l/:l' Indeed it was also Mr. Wicklicld as kindly showed me tlic 
way to calculate tlie number of years a fund might last depending 
on the income taken from it. Mr. Wickficld cfTects i t  by means of 
a formula that I now propose to write on tlic blackboard. if you 
will only be so kind as to permit me:" 

Hearing no objections raised he walked to tlic bli~ckbo;~rd 
on thccountingliouse wall i ~ n d  wrote there in bright ycllowcholk 

David Copperfield stared with bafflement at the simple rule 
written so neatly on the dark counting house blnckboard and he 
fell speechless for a minute or  two. At last he broke the silence 
with "You may say, Heep. that it is'e21sily sliown'but I must adniit 
it's not so easy for me. I assume that Tis  the number of years that 
the fund will last and most probably the symbol R signifies the 
interest rate as the number of percent per annum. or  4 in this 
case? However I'm at a loss to know what tlic symbol E might be 
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frequently. say in niontlily or  even weekly instalments. What 
would become ol'your m:~rvellous formulae then 1 wonder:" 

'Why. tl i ; t t  would present no insurmountable dilliculty Master 
Coppcrlicld' replied Hccp. 'In fact a simple calculation leads to 
yet ;~notlicr expression t l i ; ~ t  will prove useful.' Another formul;~ 
joined tlic others on tlic bl;~ckboard: 

5 = ( 1 + r ) '  -F [ ( l+ r ) '  -11 (5) 
41 

Hccp continued 'This formul;~ (5)  shows how the successive peri- 
odic account b;~lanccs. P,. will reduce over timc if the annual 
income is paid out in N equal instalments over the year instead of 
just ;I single payment at the end of the year. In ( 5 ) r  = *may be 
termed the periodic intcrcst rate or  the interest rate per interest 
pcriod ;incl the integer X- = 0.1.3.. . .. is used to label the interest 
periods with 4, representing tlic f 1000 starting capital. Assume 
now t l i ; ~ t  at the end of each pcriod we take a fixed amount of 
incomc crlu;~l to F times the interest c;irncd in the first period but 
now cach period does not have to be a whole ycar. it can be a 
month or  a wcck or  whittcvcr we choose. The amount of cach 

I' H income institlmcnt will be E +  and therc will be N such pay- 
nicnts sprc;~d cqui~lly over cach year. The interest is paid in and 
the incomc is taken out at tlic end of cach period. Ry making E n 
bigger multiple we could obtain it bigger income but run out of 
money sooner. 

We c ;~n  use cclu;ttion (5) to find out how many payments can be 
matlc hcli)re the fund is completely exhausted. We see that P, 
becomes zero when 

so t l i ; ~ t  with N payments per ycar the fund will last for T years. 
where now 

I3y setting N = I in (7)  we recover our carlier situation where therc 
was just one payment a year and obtain equation number (2) as 
expected. 

11' o n  tlic other 1i;tnd in (5) we incre;tse N without limit corre- 
sponding to tlic continuous compounding of interest and the 
continuous payment of income we find that after t years the 
amount ol' Principi~l rcmiiining. P ( / )  may now be found using 

Equation (8) may he used to determine the length of timc. 7: 
before the fund becomes exhausted (i.e. Set P ( / )  = 0) and we find 
11i;tt Tcomes out to he the same ;IS our old friend that was written 
in ( l ).' 

Hard Times 
David Copperfield lennctl h;~ck in tlic chair looking interested 
and suitably impressed. 'I've just had :I disturbing thought gen- 
tlemen. Inflation! Would it not be scnsiblc to increase tlic income 
as time passes to make some allow;tnce fix inllation? Is there any 
formula to deal with that? 

Uriah Hccp smiled as hc said 'An excellent strategy Sir. and ;I 

very prudent course of :rction if I may say so. To allow for infla- 
tion we can make use of formula (9) instead of formula (7). First 
we choose the amount of incomc that we wish to take as our first 
income payment and ilsc it to calculate the value of E cx;tctly as 
before. Then we assume an appropriate (constant) inflation rate. 
let this be I '%, per nnnum. Finally we substitute our value of 
together with the assumed values for R. hland I into formula (9). 
After the first income payment all subsequent income payments 
are incre;iscd to rise in line with tlic nssumcd inllation and 
formula (9) tells us how long the funds will last. 

Formula (9) is really quite similar to forniul;~ (7). In fact (9) can 
actually be obtained from (7): i t  is as if we h;~vc used in (7) an 'ef- 
fective' income multiple E' = & E  instend of F and iln 'cn'cctive' 
interest rate R' = J+ instead of R. 

l * ,111 \ 

Inflation has a very detrimental elt'ect on the situation. We have 
already seen that when no allowance is made for inflation. R = 4%) 
p.a. and with annual payments ( N = I )  the fund provides a flat 
annual income o f f  50 a ycar for 41 years ( F  = 125). If we want to 
increase this same £50 income in line with inflation at the rate of I 
= 2.5'%~ per annum formula (9) predicts tIi;tt the inflation linked 
equivalent income can only be supported for T = 24 years before 
the money is all gone.' (Some further examples are given in 
column 4 of Table l .) 

Our Mutual Friend 
Mr. Micawber had bccn listening to the proceedings with increas- 
ing agitation. He now jumped to his kct  and said ' i Z . f , ~ .  t/c,trr 

Copp~~r / ic~l~ l /2 ] ,  I trtii oI(1cr t11(1ti !~>11; (1 ttlc111  sottic, tic, c.~pc,ricvic~e, it1 

/i/i: rrtirl- trtirl r!f'.sot~ic~ (1.1-pcpric8tic.c1, iti sllort, i l l  cl~~fi'c~rtltic~s, gc~tic~rtrll~~ 

spc,trkiti~ At prcl.sc,rit, trtiel ritlril sotiic~tllitig trlrtt.\. rip ( 1c.hic.11 I rrtii. I 
t?itr,r strj: liorrrl~ c,spc~titi,q). I l ~ t r ~ ~ c ~  trotlrirl,q to hcisto~c hilt c r d ~ , i c . c p .  
Still t ~ i ~ .  rrr11~ic .c~ is so/irr II-orth ttrkittg. tlitrt - it1 sl~ort, tlltrt I htr1-c, 

ncJl*c,r ttrkcvl it tti!.sc,l/; rrtitl (r t t i  tllc,' - l~c,rc, hlt: A.lic.trlc.hc*t: 11-110 htrtl 

h c c ~  hctrt~iing trtid st?liliti,q. ir.111 o ~ ~ c r  Iris lrc,trtl trtttl~/irc.c~, rip to 111t' 

prc..scvit t~iot~ic~tit, c.lic~c.kctl llitiisc~lf' rr t ic l  ,/k)~~.tlc,tl - 'tlrc~ ttlisc,rtrhkp 

n~rc,tc~llj.orr hcholtl."To continue Sir. my advice in short is to avoid 
such a hazardous strategy that in all probability could lead you 
into poverty and ;I miserable old age. A man in your prime physi- 
cal condition could easily outlive his fortune if it is consumed at 
such rapid rates as have been mooted. 

Were Mr. Wickfield himself to be present at this meeting I am 
convinced he would strongly encourage us to look to ;In ;tnnuity 
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as tlic hest solution. I t  is possihlc 1 m;ly he of some ;tssistancc in plenty to think itbout and I sli;~ll nccd s o ~ n c  tinlc to tlo so. 1 t l i i ~ i k  
that regard. As you kno\v I /I(JIY, c~tr~(~rc~d it110 t r r r t rn~(~t t r~~~t t .~ ,  17.1. the rain has stopped so 1 \\. i l l  bid you goc>d day and cotit;~ct you 
~irrtrc~ o/'~~./ri(.lt I . ~ I ( I I I ( / ~ ~ / ( ~ ( / ~ ( ~ ( /  (JII(/ (.o~II~.(IcI(~(/ to ot~r./i.i(rttd IIcc~l). ilgi~in at ;I I;~ter d;~tc. '  
to (r.~.vi.v/ IIII(/ , S ( ~ ~ I Y ,  Irirtr it1 //I(# (YJ/ ) I I ( ,~I I ,  01'- (rtr(1 10 /W - 11i.v c~otr/i(/c,tr- . . .  
tic11 c~/(,rk. I t  is i n  th;~t c:tp;lcity that I have recently had occasion 
to invcstig;~tc tlic suh,icct of ;inni~itics. hringing to bc;~r .vitc.lr 
otltlt~c~.v.v tttttl itr/(~/li,y~~trc~c~ (/.v I (./t(rtr(.c, 10 /)~.v.vo.v.v. AS ;I rcsi~lt I 11;1ve 
managed to turn up a little I'or~nul:~ of my o\vn that may be of 
interest. Taking into account the 'bonus' 01' 11iort:tlity cross- 
subsidy. \i~hcrch!i the people \v110 die early alter taking out a n  
;~nnuity subsidise tlicir fellou. :~nuuit:tnts who l i \r  longer. my 
Ihrniul;~ cstirn;~tcs tlic ;1nnu;11 i~icome. I(.\.) to be cxpcctctl \vlicn a 
Pri~icip;~l sum ( f  I000 in this c:~sc) is used to purchase :I continu- 

C ous l i l i .  annuity hy it person aged '.v' years at itsco~nn~encemcnt. 1 
stress t11;1t s i~ch inconic of course \vould he xuarantccd li>r the 
lifcti~iic nl'thc ;~nnuit:~nt. '  Mr. Micawher took tlic chalk in his 
hand and with a firm hand wrote on the board in green chalk 

i t  s i  I could he incrc;~sctl i n  line 
inllaticln rnai~it;~inctl \vi11i i1il1;11io11 ;I{ 

us in^ I lccl>'s 9 T VI ' . ; I .  

70 f 110 
This \vas li>llo\vcd hy ;I stunned silence I'rom Davit1 Coppcrlicld 
\vho eventually said 'Steady on plc:rsc Mr. Micnwber. have some 75 f 137 

pity. Now I'm complctcly lloored and 1 n o  longer know. if I'm 
coming or  going. What is ;ill this ;~hout and what am 1 supposed 
to make of tlicsc nc\v hicroplyphs and \vhat can possibly be the 
link hct\veen my pension and that great green snake you h:~ve 
dra\vn 011 tlic ho;~rd:" 

Mr. Mia~\vhcr hc;~rncd and smiled. 'My dear Cnppcrfield. one 
thins you could ~ i i ; ~ k c  of i t  indeed is that a nialc aged 57 taking 
out ;l11 annuity wit11 f l000 \\rould expect to receive no less than 
f72 0s Od income cvcry yc;~r Ihr however long he lives. That very 
s;lnlc income with Mr. I-lccp's method would completely eshaust 
the f I000 f111id in just over 70  years so \vitll an anni~ity yc>u would 
he 'n1ic;id' as i t  \vcrc if you livc beyond the age of 77 years. 

As to the symbols used; the f i~~ ic t io~ i  I-(.\-) is the survival fi~nc- 
tion oht;~incd using the lifccxpcct;~ncy tables[?] fbr males. Out 01' 
100.000 livc hirtlis [-(.v) is the number surviving to age .v years. 
For instance my mortality tables tell me t1i;it for males L(57) = 
00705. this hcing the number of m;~lcs per 100.000 livc births 

f 0 2  

C I I S  

Uriah Hccp cscortctl D;~vid C'oppcrlicltl to tlic counting house 
door. At thcdoor:~nd out of thccarsliot of Mr. Mic;t\vbcr he said 
'You d o  realise Master Copperfield 1 hope that tlicrc's really n o  
ncccssity for yot~ to d r ; ~ ~ .  down your f i~nd or to hcctl Mic;twhcr's 
call to purchase an i~nnuity if you don't \vish it? Thcrc arc so 
many other interesting opportunities lh;~l  \Ire c;111 t;~lk about on 
your next visit. Why there arc Precipice I3ontls. Ostrich 1:;irrns. 
Tinie-Shares and Shipping Containers to n;~rncji~st ;I fi.\kl of them 
so plc;~sc don't l~csit;~tc to let mc guide you ~Iirough ;l11 tlicse 
import;~nt investment decisions. You kno\ir full well you c ;~n 
al\\:;~ys trust your sincere and umhlc servant LIri;~h I lccp and rely 
on him to shon you the right path. Alter ; ~ l l .  i f '  yorl can't trust 
your 1. F.A.. just \v110 c:in you trust cli?iJ 

espectcd to be still alive o n  their 57111 hirthd;~y. The symbol p = +G :111d 1101 L - ~ I I I  
1 .\ li.\\ .;cntcricc\ l i ;~\c hccn rl1:1niclc\\l! pt~rloinccl \crIi;~tiln I'rotii Hckrc~i~.~. I 

and the time I is ~iic;~surcd in yc;~rs. As far as inllation goes one ; I I ~ O \ C .  some. hur 11111 all. arc ~c;rl~ci/cd hut  ~n ;in\ c:i\c the rc:i~lcr 11ti d < i t ~ h t  

i n n a t i o n  \,,ill so i t  is  i ~ p o s s i b l e  h,,. klny 7 l i11p:f l \ \ \ \ \ \ .~;1~l.~~~\.11h/ l .1Sc~~1'~1hIc~II1i1cr ini~l1l l .~t ;1l~l~~\. l i~1i i  
Inlcrini Lil'c I;~hlc.;. l0Oo - 2Olll I lnitcd Rin?(lcun M:~lc\  l 1 . I.( \ l )  

finite resources to guar;intcc an  annuity incon~e that will rise in 
(511. 042S7). (51. 07SS7). (52. c13J75). (57,  ~ l ~ 0 2 c ) l ,  (54. 02574). 

line wit11 inll;~tion. I lo\vcvcr wc can ;~pproxi~ni~tcly take into (55. O I ' I S ~ ) ,  156. O I ~ S S ) .  (57. 'l07oi). (5s. s'I')J(,). (5'). sott7). 
;~ccount an ;~ssumcd stc;~d\t inl1;ition rate at I ' K I  per annum bv ( ~ I I .  X S ~ ~ O ) .  (61. ~727')). (02. s(,I(,I 1. (07. S4')S')). (OJ. S ~ T S I .  
simply using the clTccti\lc intcrest ratc p' = in place of p in (65. S2377). (hh.  SOSh5). (67. 7')2lh). (OS. 77410). 160. 75J'l1). 

(70. 773Xhl. (71. 71 117). (72. OShhl ). (77. hhO3l. (74. 072lIh). 
formula (10). 1 have cvalu;~tcd the integral (10) by means of n 1 7 .  ~ ( I ~ J J I .  (70. 571071. (77. 53x71 I. (7%. ~IIJX')). (7'1. J ~ I I I I O ) .  

cubic splinc littcd to the J ; ~ t a  and the rcsults arc here in this (so. 434~0). 1x1. ~ooo?). (S:. .IOJXSI. 1x3. > ) 1 3 ) .  1x4. 2025s). 
(SC. 25714). (X6. 220I). 1x7. I 0 1  141. (XX. I h l h f l ) .  IS'). I3lS71. 

t:~hlc'. lie s;~id. Ii;~nding T;~hlc 2 to D;~vid Copperfield. (oo. 1oo17). (91. s7s.1). 1 o 2 ,  0075). (07. 57t)~~). IV-I. ~ 0 7 4 ) .  
Coppcrlield took Tahlc :! into his 1i;lnd and sti~died it. 'This ;l11 (95. ~OI IS) .  21021. (97. 1527). IVS,  1022) .  I ~ N .  07~1. 

looks very intcrcsting. Mr. Micawhcr and many thanks to you for 1 Illo. 4.75) 

all your hard \\fork and for sharing this with me. I t  certainly seems I . G ~  ~ I I C  p~trp,~\e. cl[ inec~r : t t~o~i  111 ( I O I  c 1 1 ~  \ I I ~ \ I \ ; I \  I ' ~ I I I~~I ,~ I I  I I \ )  \v:I\ 

from these Iigurcs t l i ; ~ t  mortality cross-suhsidy is not to he : ~ p ~ i r o \ ~ ~ i i ; ~ l c c l  h! :i c t ~ h ~ c  \p111ic filleel I t )  the ; I~o\L.  cl;11;1 l i ~ r  5 l l <  \ * I O I I .  \ ' I \ ~ I ; I I  
i ~ i \ ncc l~o~ i  o f  tlic c\lr:~nol:~lc~l \ I ~ I I I I C  I>L*\OIICI  I = I l l 0  ~L-\L.;IIL.~I l l i ; ~ t  11 et~111111t1c~l 

sneczcd at' I ( \  ( ~ o \ r n \ r : ~ r ~ ~  L I C \ C C I ~ I  10 1ii1 I C ~ - C I  ;I[ i l h ~ t l t  = I O ~ .  111 I I I C  i~h \c~icc  O I  I I I I ~ C I .  ~ : I I : I  

Rising to his feet Copperlield took one more look at the formu- (;11i(1 \ \ i l l1 clic grc;llc\l re\pccl\ 10 i l l1  lO2+ !c;~r-tild\) :111d \ V I I I I O ~ I I  ~111! 

~ I I \ I I ~ ' ~ C : I I ~ O I I  ;#part fro111 ~ o n \ c ~ i i c ~ i c c  tlic \ I I ~ \  I \ : I I  1'11nct101i l i : ~ \  l~x.11 
Inc on the ho;~rd and said 'Well gentlcmcn. thank you again for ;~~>pro \ i t i i ;~~c( I  h\ I I I C  lil~cd \111111c 111 111c C \ I ~ ; I P I I I ; I I C ~  ( I I ~ I I I ; I I I ~  511 c \ ( 1112 ; I I I ( ~ ( ~  . . 
your most intcrcsling cc>ntrihutions. You h;~ve certainly given me 1;1hc11 10 hc I P ~ O  l i ~ r  \ > IO?. 

M.~lhrm.~firc TODAY DFCFMRFR 200:l 191 I 


