Mathematical Reasoning — Exam 2 Name: SM Ocecom

MAT 312, Fall 2020 — D. Ivansié Show all your work!
1. (14pts) Prove using induction: for every mteger n=>4,
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2. (14pts) Prove: for any integer n, the number §n3+4n is an integer
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3. (16pts) We know that /2 is irrational. Are the following statements true? Justify with
a -:mmterexample or a proof.

a) There exists a real number = such that is rational.
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b) If & is rational, then is irrational.
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4. (18pts) Cousider the statement: for all a.b € Z, 5 | a® +2b® if and only if 5 | @ and 5 | b.
a) Write the statement as a conjunction of two conditional statements.

b) Determine whether each of the conditional statements is true, and write a proof, if so.
¢) Is the original statement true?
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5. (14pts) We have shown a similar statement on homework: for every integer n, if 7 | n?,
then 7 | n. Use this proposition to show that /7 is irrational.
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6. (10pts) Sketch all points (z,y) in the plane that satisfy |y — 2| < 3. (Hint: what
inequalities without absolute value is the inequality |u| < a equivalent to?)
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7. (l4pts) Prove both statements for all real numbers = (one is easy):

a]if:n{-l,tllenx+;j-_—1{ﬂ; b]ifr}—l?then:r—i—mhl_lz-l,
= g’ "‘l_" . i l"’“ \ Y
a) ],ﬂ X< i} e, ) ﬂKH 2\ | ﬂ ‘mr’)bchm
be cd XA+l<
e T ST
So ';L; 20 . Tl 1
t 20
i |
X ){}leo "i"r’h.{'

Prodt Let Yo Tle.. X+ 20,

Fer anny X A(L?:‘-O
4 X4 2K

1

] o ({rﬂj 20

X4 K
= .
8 a7

Bonus. (10pts) Let 0 < ay, a1, ....a, <9 be integers,
a) Use {mod 3) calculus to show that
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b} Use a) to show that a natural number is divisible by 3 if and only if the sum of its digits
is divisible by 3.
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