Ambherst College
Department of Mathematics and Statistics

MATH 250 MIDTERM 1 PRACTICE 28 FEBRUARY 2025

NAME: .S’oh(fwm

Read This First!

The exam uses both sides of the page.
Keep cell phones off and out of sight.
Do not talk during the exam.

You are allowed one page of notes, front and back. No other books, notes, calculators, cell
phones, communication devices of any sort, webpages, or other aids are permitted.

Show ALL work clearly in the space provided or on the blank pages.

In order to receive full credit on a problem, solution methods must be complete, logical and
understandable.

You may cite any theorems proved in class or on the homework in your proofs, except in cases
where the statement to be proved is essentially the same as a theorem proved earlier. In that
case you should write out the full proof. Please ask me if you are uncertain about whether
you should prove a theorem or if it is enough to cite it.

Grading - For Instructor Use Only

Question: 1 2 3 4 5 6 >
Points: 12 12 12 12 12 12 72

Score:




Math 250 28 February 2025 Midterm 1 Practice

1. [12 points] Find all prime numbers p between 1 and 100 such that

p=-1 (mod 15).

The infequms in [1100) conquuentdo -ImodiS ane

~|+I1S =4
MHg:ZQ
24+6S =44
4y+1s=589
59+16 = 34
#+1S =84

we can check those mdividually 1o see that 24,56, 84 andthe prime

o $hvia List. We could aleo doti Sieweol' Enclocthonas o 100
g -64}0{- checl each numberonthe Lot
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2. [12 points] Recall that a primitive Pythagorean triple consists of three positive integers (a, b, ¢)
such that

o o> +b>=¢2 and

e there are no common factors of a,b and c.

Find a primitive Pythagorean triple such that a = 15.

As weve seem inclom, a PPT wl a odd cam be W

by choosing two odd infegens st wl s<t®
o cowmpn fadkon, and choo&ohg

- L 2_4.) Z= z_b’L
= 2t . = (cc«-b)(c-b)

Lk cab=t® & c-b:s‘? o
)
=I5, thMe & az&’i‘, b"-e—%é’ C‘-‘%s’

op-\:’a—n" s=8 t=§ 9{)@2 s=I ¢=IS
=15 = a=1s
=) a_ 1 \
p=i(5-4)=8 p= 4 (150 =3-224
o= L(252)=17 i
~1 \
@’ &, 1% c= (1S 1Y) =5 2lb
=113

(5.2, 13))
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3. [12 points] Compute the greatest common divisor of 1106 and 203.

Euclidean algeithm’
., = 10b
fp = 203

n = \WDb6 mod 203
1106 - 56-20% =1I1D 6~ 10\S

= ai
f, = 203 wmodql

= 203-2-4l = 20%- 182
21
Ty = Q1 mod |

= q|-42\ = ql-&4

=3
T = Z| mod 3

= Z\- %"'
= D.

So ged (11D6,203) = ged [1.0)

1"
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4. [12 points| Solve the following congruence.

28z =3 (mod 149)

Check P common Lo ko &l Pind ivens wl extonded
cuclidean algﬂuﬁm I oun shorthand:

\Aq u+ 28V U v
|4 Q ' ©
28 o 1
1q-5-28 = >4 : -5
g-%a = 1 316
w 1 =-314a+ 1628
jo. 28 =16 mod (44
Hence

% =12%"-3 mod (44
=163 mod 4]

(=D W

(=D
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5. [12 points] Suppose that a,b,c are positive integers such that ged(a,b) = 1. Prove that if a
divides bc, then a divides c.

ol 1 (equation)
Smce %zd(a,b)-—’],, Juuel st
au+by=1.
YYlele%Jng by ¢, we hawe:

cau + cbv =¢

= a-uka-gv =¢

= a-[CM'\- %‘.".V]-; C.
Sirnce albe, el ok By e an well,
2 Hhig shows that alc, aa desired.

SolbZ (whing covigruemeen)

S.mce a|bc, we. hawe

be =0 moda..
Nown gM@»U=1 imqlies Yoot &'moda exish.
%0 5'bcz=b"0 mda

i-e. alc an well.

10



Math 250 28 February 2025 Midterm 1 Practice

6. [12 points] Suppose that you enter a store carrying a large supply of 6 dollar coins. The shop-
keeper is able to make change using 28 dollar coins and 63 dollar coins. Find a way that you
can purchase a 1 dollar item.

For partial credit, you may first assume that both you and the shopkeeper have a large supply
of all three types of coins (6,28, and 63) and solve the problem in this context.

We com solve  6ur2&u +63w =0 waing two Euelidp in

QA NOW' Gu+Ziv
%
6
2%-4-6=4
6-4 =&
421 =D
D 84&(6’2&) =2 & 7= 5'6"1'2&.

Now, +he eudidean algo - wl 632 has giunt e ey
63-31-2 = 1.
Plugging in the Mevious Nesl.
| = 63-31:[576-128]
= 63-155-6+3128
_ ~185-b +31-28 + 1°65.
S fon the conjen verion of e pwblem, oe

solution -

v
1

(o]
|

m}:—o:

£ 1 463 com.

comA in chamge .

12



To a aolufion m the desined form | though,
we can do the modliCeation desribed m the
ginea equation theowem:
| = 1-63 - 31I'Z
o 1 = (1F2)-63+(R1+63)2
= -|-63 +32-2
5 anotha €AV wl the digns we wont.
I+ cpvn
= 143+ 32[ 66 1-28]
. _1-43 +160-6 - 3228

160-6 — 32:28 — 163

-
-

g0 You can

~ Py 160 $b coin
- et 32 38 am &1 463 coin

n cham%e..



