EXERCISES CHAPTER 3

1. Let A=1{1,2,3,4,5}. Consider the relations

R=1{(1,2),(1,4),(3,1),(3,4),(3,5), (5,1),(5,4)} C A x A

and
S:{(al,ag) GAXA|CL1+CL2:6}.

(a) Illustrate R and S by graphs and as points in a rectangular coordinate system.

(b) Which of the following propositions are true for relation R:
1R2, 2R1, 3R1, {2,3,4,5}={a€ A|1Ra}?

(c¢) Find the inverse relations for R and S.

(d) Check whether the relations R and S are mappings.

2. Consider the following relations and find out whether they are mappings. Which of
the mappings are surjective, injective, bijective?

1. 2. 3. 4.
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3. Let A= B = {1,2,3} and C = {2,3}. Consider the following mappings f : A — B
and g : C — A with f(1) =3, f(2) =2, f(3) =1 and g(2) = 1,¢(3) = 2.

(a) Illustrate f, g, f o g and go f by graphs if possible.

(b) Find the domains and the ranges of the given mappings and of the composite
mappings.

(¢c) What can you say about the properties of these mappings?

4. Given is the relation
F = {(21,72) € R?| |1y = 2y + 2}

Check whether F or ! is a mapping. In the case when there exists a mapping, find
the domain and the range. Graph F and F!.

5. Given are the relations

F={(x1,25) | 2o = 2%} with z; € {-3,-2,-1,0,1,2,3}

and
G = {(z,y) € R* | 92% + 2y* = 18}.

Are these relations functions? If so, does the inverse function exist?
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6.

Given are the functions f: Dy — R and g : D, — R with
flz)=2x+1 and g(x) = 2* — 2.

Find and graph the composite functions g o f and f o g.

7. Given are the functions f: R—R, and g : R—R with

10.

11.

12.

f(z) =¢" and g(x) = —x.

(a) Check whether the functions f and g are surjective, injective and bijective. Graph
these functions.

(b) Find f~! and g~' and graph them.
(¢) Find fog and go f and graph them.

Find a € R such that f: Dy = [a,00) — R with
y=f(z)=a"+22-3
being a bijective function. Find and graph function f~!.
Find domain, range and the inverse function for function f: D; — R with y = f(x):

@y=YETL  By=(e-2p

Given are the polynomials P5: R — R and P : R — R with
Ps(z) = 22° — 62" — 62° + 222° — 120 and Py(z) = (v —1)%

(a) Calculate the quotient Ps/P» by polynomial division.
(b) Find all the zeros of polynomial Ps and factorize Ps.
)
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(d) Draw the graph of the function Ps.

Verify Vieta’s formulae given in Theorem ?77.

Check by means of Horner’s scheme whether 1 = 1,29 = —1,23 = 2,24 = —2 are
zeros of the polynomial Py : R — R with

Ps(z) = 2% +22° — 2* — 2% + 222 — 2 — 2.
Factorize polynomial F.

Find domain, range and the inverse function for each of the following functions f; :
(a) y1 =sinx, yo =2sinx, ys=sin2z, yy;=sinx+2 and y5;=sin(z+ 2);

D) y1 =¢€%, ya=2¢", yz3=¢€*, ys=e"+2 and y5=e""%

Graph the functions given in (a) and (b) and check whether they are odd or even or
whether they have none of these properties.



13. Given are the following functions f : D; — R with y = f(z):
(a) y = Ina?; (b) y = Ina3; (¢) y =32%+5;
) y=vi—2%  (y=1+e"  (Hy=|e]-x
Find domain and range for each of the above functions and graph these functions.

Check where the functions are increasing and whether they are bounded. Which of
the functions are odd or even?



