Student Name:

Purdue ID:
MA 373 - Spring 2025
Midterm 1
PHYS 112 8:00 - 9:00 PM
Wednesday, February 19, 2025
INSTRUCTIONS

Do not open this exam until you are told to do so.

There are 60 points possible on this test divided into two sections, each worth 30 points.
You have 60 minutes to complete this exam.

Be sure you have filled in your name and Purdue ID in the slots at the top of the page.
Show all work to maximize partial credit.

Be sure all cell phones are silenced and put away out of view. This policy applies to smart
watches as well.

Headphones are not permitted unless prior approval was granted by your instructor.
Formula sheets are not permitted.

You are only permitted to use calculator(s) from the following list:
o BAIIPlus
BA Il Plus Professional
BA-35
TI-30Xa or TI-30XA (same model just different casing)
TI-30X I (1IS solar or 1IB battery)
TI-30XS MultiView (or XB battery)
When time expires, put your pencil down and close your exam. Failure to do so will result in

automatic disqualification from obtaining University-Earned Credit.

O O O O O

PURDUE HONORS PLEDGE

“As a boilermaker pursuing academic excellence, | pledge to be honest and true in all that | do.
Accountable together - we are Purdue.”

STUDENT AGREEMENT

By signing below,

| agree with the Purdue Honors Pledge stated above.

| will not give or receive any assistance on this exam, and | will report any infractions of the
honors pledge.

| acknowledge that | only used calculator(s) from the above list.

| am claiming all work in this exam as my own.




SECTION 1

30 Points Total

8 Questions (3-4 points each)



Section 1

1.

(4 points) You invest 50 into an account today.

During the first 3 years, the account earns an effective monthly interest rate of 2%.

During the next 2 years, the account earns a discount rate of 9% compounded quarterly.

Determine the amount you have at the end of 5 years to two decimal places.

Solution:
A (t\)
T 0.07 A :0.0q
//—N
l | gy
Al \
o
3 5
50

(-4)(2)

1 0.09
A(5) =50(1+0.02)"" [1- —

4
— A(5) =122.36

Points

2 Correct equation that uses d® =0.09

e 1 point for recognizing correct symbol for what's given
e 1 point for using properly in accumulation function

2 i(12)
Correct equation that uses —

e 1 point for recognizing correct symbol for what'’s given
e 1 point for using properly in accumulation function
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Section 1

2. (4 points) You want to have 1,000,000 on your 40™" birthday. Your 20%" birthday is today.

You want to invest K in an account which has a force of interest of &, = 0.04+0.0005t° so

that you will exactly achieve your goal on your 40%" birthday.

Determine K to two decimal places.

Solution:
Se= 00N 6.0005t* 1,000,000
40
e
hme O S5
K
Ka(20) =1,000,000
20a?t-dt 20(0.04+0.0005t2)<dt
Ke® =1,000,000 => Ke® =1,000,000
00 4t+0.00055"}20
Ke ° =1,000,000
1,000,000
K= —e2_13333333 =118,441.83
Points
1 Correct equation of value
2 Correct treatment of accumulation function with delta
1 Integration done correctly (this includes correctly defining limits of integration
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Section 1

3.

(3 points) You are given that a(t) =1+ 0.02t +0.0005t .

Calculate J,, to three decimal places.

Solution:

_a't)  0.02+0.0005(2)t  0.02+0.001t
" a(t) 1+0.02t+0.0005t> 1+ 0.02t+0.0005t2

0.02 +0.001(10) 0.03
) = = =—=-0.024
1+0.02(10) +0.0005(10)°  1.25

Points

2 Correct relationship defined between equation that uses o,
and the accumulation function

1 Correct method to find Oy,
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Section 1

4. (3 points) You invest money in an account earning simple interest S.
You are also given that i, =0.05.

Calculate s to four decimal places.

Solution:

|‘“ 2 005 = o.(u)—a(w\
a ()

6.05 = +s(1)- [l*’ s(to)—)

+ 5 CLo)

6.05 (L+105) = S
0505 = (0L98S

Points
3 Correct setup for effective interest rate (whether from
accumulation function or recalling the direct formula)
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Section 1

(4 points) You want to accumulate a sum of money at age 65 so you can retire. In order to
accomplish this goal, you plan to deposit 200 per month at the beginning of each month. You
are currently exactly 20 years old and your first deposit will be today. Your final deposit will be 1
month before you turn 65.

Given that you earn an interest rate of 9% compounded monthly, calculate your accumulated
value at age 65 to the nearest dollar.

Solution:
200 MuMM
1/00(;
1040:)00 £ y e T 1{00
< — —— - . “~.—"*m—~t_‘
(1Y)
wwae O \ = 0.09 45
ape 1o - C QL
‘} 2 ,—-‘ L\; D-OO?S (%\5
\
)(=o.t.£uvw-"-“""‘"
- valwi

= ©0O
T ° 12(45)]0:00%5

) sS4ons
200 ((.oo?S) ‘ - I“f;qqz,083.o\}
R

9.00?5
210700 =2

1.0035
(-
FHU O . H1S
equiveitnin: Snb
X= 200 > SWo)o.00ds (1.00%S)

1)

200 & gigo.00ts (1.0075) i

\\

[Z@OOL;TE\O‘.,O;S (1 ~°°*59 (lLooas i

Points
1 Correct interest rate
3 Correct setup for finding accumulated value of stream of payments

e 1 point for correct number of payments
e 1 point for correct timing of payments (beginning)
e 1 point for valid annuity formula setup
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Section 1

6.

(4 points) You are the beneficiary of a deferred annuity. The deferred annuity will pay you 60
monthly payments of 1000 with the first payment at the end of 8 months.

Given an interest rate of 6% compounded monthly, calculate the present value of your annuity
to two decimal places.

Solution:
- (12) 6
n=60,i" =0.06=—=——=0.005
12 12
PMT  =1,000

Monthly

PV (atMonth 7) = P

Using the Annuity Formula:

P =(1, ooo)(

1-(2.005) "

= 51,725.56075
0.005

Alternatively, you can use the BA-II Plus:

<—60; PMT | <~ 1000; |1 /Y|« 0.5 |CPT

PV

Lastly, we need to discount this to Month O:

PV (at Month 0) = (51,725.56) (1.005) " = 49,950.84

= 51,725.56075 = P

, 4
[fe® o
Sttt — D
5 4 + ST‘% i‘“’—,a.oo
1000 A
(0004 o5 Go)0.005
ALY
1,005
%

!

1 —

1:005

PN = (000a . L NG & (RN
slo-oos | Soemmil 1000 & T3 0,00 oot

0.00S

(oE . SRR
51.325560Fs

000 | 1= (7228) ™" | | L\ .
[—4—*}(..005 - [49,450.83

Points

1 Correct interest rate

1 Correct annuity setup

2 Correct handling of deferral period
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Section 1

7. (4 points) You received a birthday gift from your grandparents today, at age 20. However,
instead of giving it to you as a lump sum, they would like to give it to you as a perpetuity due
with semiannual payments (2 payments per year) of P .

They purchased the gift today for 5,149.48 using an annual effective interest rate of 4%,.
Calculate P to two decimal places.

Solution:

i@\ @ 1
[1+ 7) =(1+i)= =~ =(1.04)z ~1=0.019803903

£ (2)
; . . ) i
Leti,. be the semiannual effective interest rate (IM = 7)

By Perpetuity Due Formula (adjusted for semiannual payments):

(e

5,149.48 = P L (1.019803903)
0.019803903
=>P= 5,149.48(0'019803903j =99.999 = P =100.00
1.019803903
(z) -
T,’ o (-42)7 = 1oy
s lﬁ ll | - -CL(P--' 0.0 @49
o:%( Lo 1\
i i
pN= SIMAMY = d o5 Asew“wv""( sffentive
A A(‘Scovn\- ot
SUANE = —iq - = 94,499422
Points
2 Correct interest rate
2 Correct equation of value and perpetuity setup
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Section 1

8.

(4 points) You have taken out a loan of X to purchase a car. You will repay the loan with 120
monthly payments. The first 60 monthly payments are 50 each and the second 60 monthly
payments are 100 each.

Given that the interest rate on the loan is 12% compounded monthly, find the outstanding loan
balance right after the 110" payment to two decimal places.

Solution:
0 qv 0 50 50 W®  yo o0 LOS
—
5 X &L 39 *tv 64 6o Bl B [ T | 120 ot
X 0
O0LB, ¢
- (12
i 0.12

N =120-110=10; — =——=0.01; PMT =100
12 12

Using formula:

1-(1.01) "

OLB,, =100a_ =100 ————— |=947.13
Using BA-II Plus:
=10
=1
= -100
= 947.13, 50 OLB_, =947.13

Points

1 Correct interest rate

3 Correct OLB setup, prospective or retrospective, by hand or on the calculator
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SECTION 2

30 Points Total

5 Questions (6 points each)



Section 2

1. (6 points) You borrow 15,000 from the bank at an effective quarterly interest rate of 2.5%.

You repay the bank with 3 payments. There is a payment of 5,000 at the end of 2 years, a
payment of P at the end of 4 years, and a payment of 3P at the end of 5 years.

Determine P to two decimal places.

Solution:
BOCE ¢ 3¢
RIS ‘ - st (\_ﬁ“-_ "(‘()
“4 = 00
0 L q &
[S,000

[STOOOR=AS COCEES i
(Lozs)t® (-l.ozs)““) N ((-025)‘”5)

10,320, 26bHS = 2 5pUN3FF@zZ P
U =14350.483%0

or i =(1.025)" —1=0.103812891
15,000 = 5,000 (1+0.103812891) " + P (1+0.103812891) " + 3P (1+0.103812891) "~
15,000 — 5,000(1.103812891) * = P [(1.103812891)"‘ + 3(1.103812891)’5}

~ 15,000-5,000(1.103812891) °
(1.103812891) " +3(1.103812891)

= P =4,350.78
Points
2 Correct interest rate (convert to annual effective rate or use proper exponents)
4 Correct equation of value (discounting to 0 or accumulating to time 5)
e Note: if marked for incorrect interest, as long as the incorrect rate is
used properly for discounting, credit should be given for this part
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Section 2

2. (6 points) XYZ Corporation has the option to invest in one of two projects. The two projects have
equal net present values when calculated using a 5% annual effective interest rate. They are
expected to produce the following cash flows:

Time Project 1 Project 2
0 -10,000 X
1 -3,000 10,000
2 7,000 -20,000
3 12,000 45,000
4 10,000 30,000

At the end of 4 years, no further cash flows are expected.
Calculate the internal rate of return for Project 2 to four decimal places.

Solution:
NPV, = -10,000 - 3,000(1.05) * +7,000(1.05) * +12,000(1.05)  +10,000(2.05) * =12,085.14
NPV for Project 2:

12,085.14 = X +10,000(1.05) " —20,000(1.05) * + 45,000(1.05) " +30,000(1.05) *
= X =-42,851.85
Enter X into CFO with Project 2 Cashflows in calculator

IRR CPT on calculator, IRR=12.93884185%

NPN (Project 4) = WPV (Pofect 2) @ (=0.0S
pividad alk (€ by (9°° b nake ork eansX.

-lo‘-‘_%s—+ —1:0—5)1* %? 12— - vy 10 20 S C
: «. (1os)*  (L.os) 105 (109)?  (1.05)*  (ros)t

Lt ) s Ay
NPV on ealeutadu € NCN on calevlotor
(k6= -\0 NEN (EG=O NeN
olt=-3 TS col=10 —.:!:S
ot = ¥ NPVE (7,085 (02 =720 2
0% = |7 H c03=45s  yNENTSY93%
(Y = (o (oY = 30

12,0854 = X *+51.4361% 0
X= -42.%S'84% &— enar a3 CFO

Jig®) cer :{,z[qiw

Points
4 Correct setup to find X
2 Correct method to find IRR with X solved for in Project 2
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Section 2

3. (6 points) Given ¢ =0.0598505, calculate the accumulated value of 100 paid at the end of each
month for 10 years to two decimal places.

Solution:
10 \0© (0° \60
Litt ANgies
R —— < =o. 65238505
0] |2 120 o und 't
s(ncl constonik
0058505 o
¢ = LAY Voarek
(L a(cu-wvw
“cu) val
= 0.005

= 00 3 120
TN 100 5o e = (00 [ {{hosHisEl
0.00%

= [(?‘384"0‘3

k____——l
(3.5 138

eQqu (vollenk Qx‘avef 5004

BN E 100 a5, (l.oog)‘u

Points
2 Correct conversion to monthly effective interest rate
4 Correct setup for accumulated value of stream of end of period payments
e 2 points for setting up as stream of payments rather than single point
e 2 points for finding accumulated value (rather than present value)
Note: If setup correctly for accumulated value of a single payment of 100, give
2 points for demonstrating understanding of using constant force of interest
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Section 2

(6 points) You have won the lottery. You have the choice of the following three options:
a. Alump sum of 5,000,000.
b. An annuity immediate with 10 years of quarterly payments of 166,142.13.

c. A perpetuity immediate with level annual payments of P that begin 5 years from today.

All payments have the same present value at an annual interest rate of i .

Determine P, rounded to the nearest dollar.
Solution:

10)
PV (a) =PV (b) =5,000,000 = use your BA-II+ Calculator to find IT :

<« (10)(4) = 40:[PV | « 5,000, 000; <« -166,142.13

i(4)

~1467384731% = -

TORM
i = (1+ ITJ —1=(1.01467384731)* —1=0.06

PV (a) = PV (c) = 5,000,000

4
5,000,000=P L , S0 P =378, 743 if interpreted as first payment is at t=5
0.06 /\ 1.06
1Y 1Y
*if interpreted as first payment at t=6, then 5,000,000 = P(ﬁj(mj and P =401,467.67

Points *2 answers accepted for this problem due to unclear wording*
3 Correct setup to solve for quarterly effective interest rate
e 2 points for correct setup of equation of value or calc input for ann immediate
e 1 point for recognizing interest rate from calculator as quarterly effective rate
3 Correct setup for deferred perpetuity

e 1 point for perpetuity immediate formula (P/i)

e 1 point for correct interest rate (converted quarterly effective to annual)

e 1 point for correctly adjusting for deferral period
*Note: subtracted 1 for any incomplete calculation since many didn’t solve (floor 1 if
received any credit for setup), subtracted 0.5 if math error
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Section 2

5.

(6 points) You borrow 40,000 to buy a car. You will repay the loan with 120 level monthly
payments of 645.34. The interest rate on the loan is 15% compounded monthly.

You make the first 60 payments on time. Additionally, at the end of the 42" month, you make
an additional payment of 2,000 over and above the normal payment.

Determine OLBg, to two decimal places.

Solution:

!\
163 2 102 (Bl
Lc.s.w*,,."s U*,,_\M T

et = A s \"” =015
U2 3T Y
©o 6l L2 (26 oty
40,080 i) 47 : 6.0125
W ont 0tB 0

I'Z.&J-re $P€ VR
—

0 Buo™ 40,000 (1+0.028) 53S o pias = 2099 (1.0126) "

A 5 [ D o s
= Z . Jecrease OLB by
K3 o\u,‘;a.ym P Xontinz puerp Ak SN R Ao
(o r owe HAS
u:;ﬁ:” amt (mort
increate guerprk w/"""’“‘)
OLBy,= B4, 2825615311 (rons)*s-| | = 2501.1548
6,025
S5 ervs)

= §4,28%.25 - 03 100. 6328 —256(.1SYE ={ 24, LZSMS }

fis-gecsaial

0¢B, ., = (415.3Y K ] sata ZOOOCl.ollS)w-\u

i
4263459

T 23,026.6034% - 256( 154 ’-!z‘i.bls.'is S

Points
2 Correct handling of overpayment
e 1 point for subtracting amount of overpayment from OLB
e 1 point for correct interest accumulation
1 Correct effective monthly interest rate
3 Correct setup for OLB (retrospective or prospective) before overpayment
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