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1. Let

f(x) = (x− 3)2, x ∈ R

and
h(x) = x2, x ∈ R

Show that the graph of h is a transla-
tion of the graph of f .

2. Let f : [0, 4] → R such that x 7→
√
x.

(a) Show that f es injective.

(b) Find two left inverses of f .

(c) Let h(x) = x2, x ∈ R. Show
that h is not a left inverse of f .

(d) Show that f has no inverse func-
tion.

3. (a) Show that the composition of two
injections is an injection.

(b) Show that the composition of two
surjections is a surjection.

4. Let f : A → B be a bijection. Let gL be
any left inverse of f , gR any right in-
verse of f and g any inverse of f . Show
that gL = gR = g.

5. Find a set B such that the triple F =
(R, B, {(x, x2 − 2x) : x ∈ R}) is a sur-
jective function. Find a right inverse of
F.

6. Find a set A ⊆ R such that the triple
(A,R, {(x, x2 − x − 6) : x ∈ A}) is a
injective function. Find a left inverse of
F .

7. Find sets A ⊆ R and B ⊆ R such that
the triple F = (A,B, {(x, 4 sin 2x) : x ∈
A}) is a bijective function. Find the in-
verse function of F and draw its graph.

8. Find a set A ⊆ R such that the triple
(A,R, {(x, 5) : x ∈ A}) is a injective
function. Find a left inverse of F .

9. Let S be the set of circles in the plane
and let f : S → R be defined by
f(S) = the area of S. Is f injective?,
surjective?, bijective?.

Now let T be the set of circles in
the plane whose center is the origin
and define g : T → R+ by g(T ) =
the length of the circumference of T .
Is g injective? surjective? bijective?.
Justify your answers.

10. Let Z be the set of integers and Q the
set of rational numbers.Find all triples
a, b, c of rational numbers such that
(Z,Z, {(x, ax2 + bx + c) : x ∈ Z}) is
a function.

11. Let Z be the set of integers and Q
the set of rational numbers. Let G =
{(m/n,m) : m,n ∈ Z, n ̸= 0}. Is
the triple (Q,Z, G) a function? (Jus-
tify your answer)

12. Let G = {(
√
x, sinx) : x ∈ [0, 4]}.

Is the triple ([0, 2],R, G) a function?
Prove your answer.

13. Let G = {(sin x, x2) : x ∈ [0, π]}.
Show that the triple ([0, 1],R, G) is not
a function.

14. Let

G = {(sin x, (x− π/2)2) : x ∈ [0, π]}.

Show that the triple ([0, 1],R, G)} is a
function.
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15. Let f : A → B and g : A → C and
G = {(f(t), g(t)) : t ∈ A}. Find suffi-
cient conditions for the triple (B,C,G)
to be a function.

16. Let f : A → B and g : B → C. Show
that g ◦ f surjective implies that g sur-
jective.

17. If f : A → B and g : B → A satisfy
f ◦ g = idB show that f is surjective
and g is injective.

18. Let f : A → B and g : B → C. Show
that g ◦ f surjective implies that g sur-
jective.

19. Let f : A → B and g : B → C. Show
that g ◦ f surjective and g injective im-
ply that f is surjective.

20. Let f be a function with finite domain
and codomain. If the cardinality of
the domain equals the cardinality of the
codomain, is it true that if f is not in-

jective, then f must be non-surjective
as well? Prove or disprove.

21. Let f : Z× (Z \ 0) → Q be the function
with values given by f(m,n) = m/n.
Let g : Z × (Z \ 0) → Z be the func-
tion with values given by g(m,n) = m.
Let G = {(f(m,n), g(m,n)) : (m,n) ∈
Z × (Z \ 0)}. Show that the triple
(Q,Z, G) is not a function.

22. Let f = (A,B,Gf ) and g = (B,C,Gg)
are functions. Let g ◦ f = (A,C,G)
where G = {(a, c) ∈ A × C : (a, b) ∈
Gf , and (b, c) ∈ Gg for some b ∈ B}.

(a) Show that g ◦ f is a funcion.

(b) Show that g ◦ f(a) = g(f(a)) for
all a ∈ A.

(c) Let f : A → B and g : B → C and
h : C → D be functions. Show
that (h ◦ g) ◦ f = h ◦ (g ◦ f).


