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Frequently, the student of actuarial science is called upon to justify 

interest or life contingency formulas in his own mind by the use of so-called 

'general reasoning'. This is all well and good, for it helps to better establish 

such formulas in the mind in preparation for the society examinations. 

One may invite trouble, however, when using general reasoning to 

arrive at formulas rather than using mathematical proofs. A case in point is 

the derivation of the approximation for in Life Contingencies 

by C. W. Jordan. 

One can easily show that formula (3. 27) for is exact 

under the assumption of a uniform distribution of deaths throughout each year 

of age. Simply express (Ier..> A)x as 
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Next, Jordan puts bars over the A's in (3.27) to obtain formula (3.28) 

(I~r~J A)x 
for and the implication is that this is also exact under the 

uniform distribution of deaths assumption. But this is not the case, as will be 

shown for m~ 2. 

Observe that when m ~ 2 in Jordan's formula (3.28): 

Consider the corresponding one year term benefit: 

Assuming uniform distribution of deaths: 
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Thus formula (3. 28) does not reflect uniform distribution of deaths as 

one would believe. 

Exact formulas for and 

(I A)>< can be derived assuming a uniform distribution of deaths: 

ex? ~ 

(ltM> A)~) ==(IA)~)-A~> + 2 r-f)C ~~ • v~·~lo\; ~x+r 
r=o ;t-::.( 
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(lA)x-Ax+~ ,Ex(IA)x:r:/1 
r-= 0 

(IA)x- (f- })Ax 

(TA)x- t (+-})Ax 
The following chart compares to for various 

interest rates: 
_L ~ d 

... -1 
3% ... ~ '7. 5"1: '/, 10% m T;; 

I 0 0 0 0 0 
2 .25 .251847 .252750 .253346 .255955 
4 .375 .377309 .378438 .379182 .382444 

12 .4583 . 460779 .461975 .462763 .466219 
00 .5 .502463 .503667 .504461 .507941 

and m-1 
~ 

can be The difference between -i - ~ 
shown to be almost exactly equal to ..,., ... _I 

p .... 1. . ~. Thus, the error 

in using increases in proportion to an increase in 
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Derivation 
of 

(~(M) A)C:> 
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Assuming a uniform distribution of deaths: 
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Simplifying the summation, we have 
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Since under the 

uniform distribution of deaths assumption, we now have 

( 
(!-n) )(m) = (I A)Lm> - (1 - (~'::YL~) · A(_rl1) I A X X l~ v 0.71 J X 

And simplifying the coefficient of A em' 
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An expression for (I A})( can be derived directly and 

simply by using calculus. 

~ 

Integrating by parts: lA = ;( ) Atu.. = ~) ~ = v~ ;tJ;t;) V= _vb 

and noting that. 

Let y=v*; then ~ (i-••y)=~(;tkv} and ~ (y)== y-f-v 

so -1; (vt) =- f v:t-

Thus, 



Then 

(
- -) ( -) - 00 IA = lA - + . -I ' j_'-j_ I 

x X Ax L rEx Ax:tr:TI (s- ).) 
r==-o 

c=(I A). - Ax{ I T I- n 
= Q=A)x-A/ [':1

- t] 4At- (t- f)A" 
m..:=..L It may be difficult to grasp the difference between ;1...,. and 

-} - ~, The following development should be helpful in this respect. 
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Thus one has 
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Since 

~ A ~ ~ -n· ( ~:' - 7 ;~1 · b) 
•:a. 

since ~ = h ( I+)) ' • ) - .!:j 

Thus, the error in using l!ctJ.. 
;1. .., is very_ close to 

for is 111.2.-l . r 
1.2 .,...;z IJ I 
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