Advamatiiematicat Sec 4.10 - Using Mathematical Models

UEGISIoNIMaking] Annuities and Investments Name:

It is important to consider saving for retirement and many people set up an Individual Retirement Account
(IRA) with a financial planning company (e.g. Charles Schwab, J.P. Morgan, etc.). Usually, it is common that
a person contributes an amount each month and then the financial planning company invests it in something
like a mutual fund (Oppenheimer, Ariel Fund, T. Rowe, etc.). For example, the Ariel Mutual Fund has
averaged almost a 9% annual return over the last decade.

Let’s consider a monthly account statement of a retirement account in which a person varies in the amount they
contribute to their IRA each month but the mutual fund they invest in stays at a constant rate of 9% annually.

Similar to monthly compound interest, a person investing would only receive — of the 9% each month. So

each month the person would earn 91—(’2" or 0.75% per month. Let’s also suggest the deposits into the IRA are

made at the end of the month.

Interest Earned Amount to be
IRA Val he 15t of | R
Month Vtzn:;;:n::he - (1:;11':S=t 9 ;t)e by End of the Deposited in IRA at
: Month the End of the Month
Jan. $0 0.75% 0 $250
el $250 0.75%  |7%° ;i“e'e‘ = $250
250 + \.88 *250= 50188 x..oo"lf =
Mar. 0.75% $250
fls0), 2 1
Apr 50188 + 316+ xgg 0.75% 755.45 &.w%= $250
] f755. 04 ' 15.¢7
I55.6u+5.67 » 250 = o 1001, 3V ¥ .(:o'ls—.
May ﬂ.'o“ a1 0.75% 87.58 $250
it Tl a, ;7'“ + 8’:° = 0.75% ‘°"8';'27’ 5;;:"“ $250
13¢8.89 + 9.55& 260 = 1598 .41 # -.onf <
Jul. 0.75% $250
i 1528 ul ° —LiLde
1538.41 + LY, +950 = 189.81 # o775 =
Aug. 0.75% $250
fi1789. 87 gi3ng
S 1789.87 + '3.42 + 360 = 0 9053.29 £.007S =
p- 12053.99 0.75% #1540 5250
2053.99 4 15490+ 350 = 398,49 # 0015 s
Oct. 0.75% $250
$2318.4,9 817.29
Nov 2318.4L9 & 11.39 + 250 = 0.75% 3586-08 % .00 $250
' $asg,.98 ' #19.490
Dec. 2586.08 + \ﬁ.qtz‘é—asr- 0.75% aess;;\x.::; $250
385,48 + A\ A2+ 750 = :
TOTAL o A 9% #126.90 $3000

Using a monthly ledger like this could easily allow for varying return rates and varying deposits made.
However, if equal payments and a consistent interest rate are used we can use a formula to find the total value.
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Many people invest in an annuity for retirement. An annuity is a sequence of equal payments made at equal
time periods. The value of an annuity is the sum of all deposits and interest accrued. >4,
&

3
The value of an annuity can be determined using the following formula. P 3

Annually: n =1
Semi-Annually: n =2
Quarterly: n =4

T
(T_l) n =compounds/payments| Monthly:n=12
per year Weekly: n = 52

P = Payment

p [(1 + _)nt — 1] r = rate as a decimal
t = number of years

Value of Annuity =

It’s important to start investing early. Let’s try an example and say that at age 26, you started investing $250
every month and continued to do so until age 56 and the retirement investment yields 9.5% annually (possibly
using a mutual fund like T-Rowe, Oppenheimer, or Ariel). How much would the account be worth at age 56.

From this statement we can see that P =$250 , r=0.095, t =30, n=12.

If we substitute each value in to the formula, we can determine how much the account would be worth when

. TI-88 Plus Shver EAH0n
you retire at 56. 29 T Bemicmies

$250[(1+°'f;’5)12'30—1]

Value of Annuity = = ~ $508,259

12

If you saved just $250 every month for 30 years in such an account, the account would be worth over a half
of a million dollars.

It is also worth investigating how much you contributed and how much interest you earned. If we put in
$250 every month for 30 years, then we invested a total of Contributions = $250- 12 -30 = $90,000.

Contributions = P-n-t

So, the rest came from interest which we could subtract from the account’s value to find the interest.
Interest = $508,259 — $90,000 = $418,259. So, we would have invested $90,000 and made $418,259
in interest.

Interest = Value of the Annity — Contributions

The important thing is to invest early as the retirement account grows exponentially and the increase in
value of the account is most noticeable towards at the latter part of the term of your investment.

Can you use the formula to verify the monthly ledger of the IRA on the previous page?

(@ f-nt - 50 ,,_._o.j_"*‘ - i
ﬂ = (( Y= ‘)‘4 . ’ﬂ [( ‘a) L - ﬁ3‘9('.30 , 126896569
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1. On your own, determine how much an Annuity would be worth if you invested $300 per
month in a investment fund had a 10% APR return starting when you are 18 years old and
continuing to do so until age 58

P [(1 + %)nt - 1]
&)

P= 300 r= ,\0
n= 1k = 40

Value of Annuity =

How much would the annuity be worth when you are 58?

g1 8471, 2973 .87

How much did you contribute out of pocket?

(Mooxl’a)""o = ﬂl‘-M,OOO

g s
AMounT PE YEAL  YEALS AMoveT  ConTRIGUTKD

How much did you earn in total interest?

#1,697,203.87 ~ f144,000 = 1,753,293, 871

VALVE ofF Alcounr Mot o
oL o ecp AMov EARNED
2. Determine how you would need to save each month in an annuity that has an 12% APR return

so that the annuity would be worth $1,000,000 in 25 years?

nt
P [(1 +2) - 1]
Value of Annuity =

&)
a2y
000 v = P - E(“_ %) \1
(=
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18798406

@.’)t\ at?)

£),000,000 = WUESTING ¥532.0U Pex monT? PR 35 Veags et A R

Student Worksheets Created by Matthew M. Winking at Phoenix High School SECTION 4-10 p.3

v




