Homework 2
MATH 361 (due September 29) September 22, 2023

Problem 1. Prove or disprove the following items:
1. If f : A — Bisinjective, then for every X C A, f ' X is injective.
2. If f : A — B is surjective, then for every X C A, f | X is surjective.

Problem 2. Prove thatif f : A — B is a function such that for some X ¢ A,

f I X: X — Bisonto B, then f is not injective.

surjective and prove your answer for two of the items which are not the

tirst ones.
1. fi:R — R, defined by fi(x) = 5x — x2.
2. f»:R — P(R), defined by fo(x) = {x?}.
3. fa: P(R) — P(N), defined by f3(x) = x N N.

min(x) 4€x
4. fy: P(N) = N, defined by f4(x) =

0 else

5. f5: P(R) = P(N) x P(Z) x P(Q), defined by

f5(X)=(XNN,XNZ XNQ)

o)

. fo : P(N) — P(Neyen) X P(Nygq) defined by fo(X) = ({2n | n €
X} {2n+1|n € X}).

N

. f7 :®R — R defined by f7(f) = (7).
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Problem 4. For a function f : A — B and C C A define the pointwise image
of Cby f as
f’e=1{fle)lceC}

(a) Prove thatif f : A — Bis a function and C C A, then
(f"AN(F7C) < fIANCI.

(b) Give an example of a function f : A — B and a subset C C A such that
(f"AN(F7C) # frlANC].

(c) Prove thatif f : A — B is an injection and C C A, then
(f"AN(7C) = frlAN Cl.

Problem 5. Prove that the interleaving function F : ("{0,1})? — {0, 1}
defined by

f(3) 1 € Negen

g(551) neNygy

F((f,8))(n) =

is one-to-one and onto. Prove that it is invertable and find F~1.

Additional Problems

Problem 6. Let f : A — Band g : B — C be function. Prove the following

items:

1. If f, g are injective then g o f is injective.
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2. If f, g are surjective, then g o f.

Problem 7. Prove that the following functions are invertible and find their

inverse:

1. h:(0,00) — (0,1) defined by h(x) = -

1+x2

2. f:N — N defined by f(n) = e R
n—-1 n €Ny
3. §:ZXZ — ZXZdefined by g({n, m)) = (n,n + m)
Problem 8. Define
fi:N->NXN, fin)=mn+1,n+2)
f:NSN, fio(n)=n?
fi:NxXN—>Z, fs(n,m))=n—-m
fa:N—>N, fin)=n+1

Determine if the following compositions are defined and compute them:

1. f1 o fz and f2 o fl-
2. f2 o fz. and f3 o f3
3. f4 o fz and f2 o f4.

4. fao fio frand fyo fo fo.
Problem 9. Let A,B # 0 be any set and let f : A — B be a function.
Define a new function using f, as follows, F : P(A) — P(B) defined by
F(X) = {f(x) | x € X}. Prove that f is invertible if and only if F is

invertible.



