) Answers
Functions 1. (a) and (d) 2. (i) (b); (ii) (d); (iii) (c) 3.(@{-8 -5 -2,1,4, (b){—1,1,7}
4. {0, 1,2, 3,4} {1, 2, 5, {0, 1, 4, 9} 5.-{0, 4:2% $21, 0, 1k {0,442, 3}
6.(a 7 (b)1 (c) 15 (d) —3 7.¢a) 10 (b) 10 (c) —2 (d) 3or —2

(a) (b) (©) (d)
1 T P :-E :; 8.(a) 18 (b) I8 (©) 6 (d) -14, 1 9.2 -3 101,230 19
k - : 11. (a) { } one-to-one (b) {»:|y| < 2} one-to-one
(c) } one-to-one (d) {y: |yl < 6} one-to-one

1. State which of the following arrow diagrams show functions.

y»3is<ys<?7
o< y<6o6
2. State which of the following difotaris s (€) 1y:0 < y < 9} many-to-one (f) {¥:0 < y < 5} one-to-one
& ﬁiitcetign 1;“10 'l ¢ following c_\l‘l‘O\N“ |d5fdrr‘15 8 O_W._(I) a one-t.o-one (g) {y: 0 & ¥y < 3} many-to-one (h) (yy> 0} many-to-one
pping into the co-domain, (ii) a one-to-one function @ Ly =100 i ;
mapping onto the co-domain, (iii) a many-to-one function mapping into K .y: Yo any-tutene ) {yo<ysxg 1} one-to-one
the co-domain. (k) 1y:y = 4} many-to-one () {yeR:y # 0} one-to-one
12. (a) (i) R (ii

(a) (b) () (d) & 5 1 R) R (l;) DR (i) {yeRy >0} (c) () {xeR:x 0 (i) {yeR: y # 0}
s ”— 'r' ) {xeRx#3} (i) {yeR: y # 0}
o 0 O o Graphs

1. IfA = {3,4,5,6} and B = {l, 2, 3, 4}, write down all the ordered pairs

3. State the range of each of the following *function machines’ for the (x, y) such that x € A, y € B and x is twice y.
?:)m“'“s shown. 2. If A = {2, 3, 4}, write down all the ordered pairs (x, y) such that x € A,
_5 . ) y € A and x is greater than y.
0 — fix = 3x — 2 — 2 2
1 o2 > : 3.IfA ={-2,-1,0,1,2}and B = {0, 1, 2, 3, 4}, write down all the
& Draw arrow diagrams for the functions /> x — x + 2, g x — ¥ + | ordered pairs (x, y) such that x € A, ye Band y = x2.
and /- x - (x ~+ lf for the _domainlt —2, —1,0. 1, 2} and state the 4. Three elements of the cartesian product A x B are (2, 3), (2, 4) and
ramge of each function for this domain. (3, 5). If there are six such ordered pairs in the cartesian product, find
% Draw arrow diagrams for the functions /> x — x|, g:x - |x| — | and (a) the sets A and B,
dic x - |x - 1| for t_he dom.ain 1—=2, = 1.0, 1, 2} and state the range of (b) the other three elements of A x B,
. ‘;ﬁh _'u'lCtio_nio'; tf?'zdomam' (c) set C, a subset of A x B, such that C = {(x, y): x€ A, ye B and x = y}.
sy = 2x + 5o : o 5.1fA ={1,2,3}and B = {1, 2, 3,4, 5,6}, find the ordered pairs
g f2).(b) f(=1), (¢) f(6). (d) the value of ¢ if f(a) = a. of set C given that C = {(x, y): x € A, ye Band y = 2x}.
W glr) = x* — 6 find _ _ 6. State which of the following points lie on the line y = 8 — 3x,
l2) g(4). (b) g(—4). (c) g(2). (d) the possible values of « if g(a) = a. 2,2), (—1,5),(1,5), 4, -4

M If fix) = 2x? and g(v) = 3 — x find
ta) f(3). (b)) f(=3). (c) g(—3), (d) the possible values of ¢ if f(a) = gla).

M. The function f'is given by f(x) = ax + h. If f(3) = 3 and f(4) = 5, find « and b.
The function g is given by g(x) = ax* — b Il g(2) = Sand g(— 1) = 2,
Snd the values of « and b and hence find g(—4).

Each of the following functions maps an element x of the domain onto

7. If all of the following points lie on the line y = 2x — 6, find the values
of a, b, ¢, d and e; (5,0), (2, b). (=2, ¢). (4. 2), (e.B).

8. If the point (2, 2) lies on the line y = ax — 4, find the value of a.

9. If the points (2, 1) and (—2, —11) lie on the line y = ax + b, find the
values of a and b.

s image v, i.e. f(v) = 1. Find the range of each function for the given 10. Find where the following lines cut (i) the y-axis (ii) the x-axis.

domains and state whether the function is one-to-one or many-to-one. (a) y=x—-4 (b)) y=2x—4 (c) y = 12— 2x

fa) f:x - x + 3 with domain {x: 0 < x < 4}, dy=1ix+3 € y+2x=238 f) y+ 5x=3

bl /i x = x — 2 with domain {x: 0 < x < 4}, (® 2y — 5x = 12 hy=x2-3x+2 (@) y=x2+x-6

icy /- x - 2x with domain {x: 0 € x < 31,

iy frx - 2x with domain {x: —3 < x < 3}, For each of the functions in questions 11 to 20, (a) write down the equation

fe) /1 x = x2 with domain {v: —3 < v < 3, of the function, (b) construct a table of values for the given domain,

i) iy = with domain {v: 0 < v < 25}, (c) plot the graph of the function for that domain.

e /- ¥ — |x| w!th domaf“ ixs =3 = X = 3, . fix .2+ 1 Hor |x| <3 12 fix = —2 for |x<4

th) /: x — x? with domain R, 13 f % 4.9 § <3 14. f: i Ly e 204

@ /:x — |x] with domain R, sille BRI or x| < PR o RS
o , . : Answers

W fx=y with domain {x: x = 1}, 1L.@4,2,63 2062, &2.4.3) 3 (=24,(-1,1,0,0), (1), 24

(k) /: x — x% + 4 with domain R, 4.(2) A=1{2,3,B={3,45 (125330649 ©{33) 51,2,240606

B e s it dioriaif e s B 622,564 -4 7.4-2-10,47 83 9.3 -5

bt T =1 LRSS S G 10. @) () 0. —4) @) 4,0 () () (© 4 @) (20 (© 6O 12 @60

B2 The followiﬁg functions map an element x of the domain onto its image (d) (i) (0, 3) (ii) (=6,0) (o) () ((_)’ 8) (i) (4’ 0 0 @ ©.3) @ &0
r.ie. fi x — ». For each function state ® (®) () (0, 6) (i) (~2%0) (b) () ©,2): (i) (1, 0)and 2, 0)

(1) the domain for which the function is defined, () @) (0, —6) @) (=3,0)and (2, 0).



Parity
Show that each of the following functions are odd functions:
flx) = 7x, (b) flx) = x* + x, (c) flx) = 2xY — 3x.
I Show that each of the following functions are even functions:
a) f(y) = 457, (b) f(x) = 2 + &2, () flx) = 3x2 + 2|x|.

% For each of the following functions, state whether they are even, odd or
neither of these:
a) flx) = 4 — 352, (b) f(x)

Il

32 + oy, (€) flx) = x — 1

d) f(x) = X2 + |x]. (e) f(x) X3+ |x|.
4 For each of the following graphs, state whether they are graphs of odd
‘unctions, even functions or neither of these.

Il

& \ (b) v (c) v (d)

VARV,

5. Find the equations of the lines obtained if each of the following lines is
reflected in the line y = x,
5

ar=3 ®r=4-x @r=2>x-4 (= l 5
Answers
3. (a) even (b) neither (c) odd (d) even (e) neither
4. (a) even (b) even (c) neither (d) odd.
+ 4 1
5. y=3x BMy=4-x @r="F— @Wy=1-2

Boundedness and Extrema

1.Inspect boundedness and extrema for f: y=|x|
2.Inspect boundedness and extrema for g: y=1—x’

3.Inspect boundedness and extrema for f: y:%

Find the global and local extrema of the function. State whether it is bounded above, below,

both or neither.
4. (a) (b) (c) (d)

(0. 3)

5. 6. (a) (b) = (©

r=28 ¥
(—3.8)

(2.2 (1. 3)
4.0

1.0 X 1.0 g 0‘-”<o 0N

0, -1 (=ilvi=l)

(2. 4) W=8 y =8 ©, 3)
¥ (—43.2)

s

x - X
(—1.0) (1. 0) . (—6.0) f ] (3.0
©. —1) (—3.0)

10. v 11. ¥ 12. /‘

.l (1. 0) Y
e — T ; X ______¥__-
{3 0)\ “ﬂ v = -2

13. 14.
—270°° —=90° ) 90° 270° - 360° —IS() ¥

180" 360“
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| i | | \
| | [ I
J' ' ‘\- (360°, 1 ' l
2008, 1) | t | e ) : |
T i { I
TAAY
I I

I

|

:( 90°. 0 (90 0) (77() 0)
|

|

|

\\\\»

(—180°, — 1) (180°, — 1)
16. ¥

(—2.6)

(2,0)

Monotonicity and Periodicity

1. State the intervals of monotonicity for the functions in exercises 4 to 12 in the previous
section.

2. Which of the functions are periodic? State the period.



Answers (Boundedness and Extrema)
1. Min at (0, 0), bounded below 2. Max at (0, 1), bounded above 3. Min =-1, Max = 1
4. (a) no extrema, unbounded (b) Min at (-2, 0), bounded below
(c) Max at (0, 16), bounded above
(d) local Max at (—¥2, 2%4), global Min (-2, 0) and at (1, 0), bounded below
5. local Max (1, 5) and local Min at (3, 1), unbounded
6. (a) global Max 8 for all x < -3, global Min at (0, —1) local Max 3 for all x > 2, bounded
(b) Max at (1, 3), local Min at (—1,—1), bounded above
(c) local Max at (3, 4), local Min at (—1,-4), unbounded
7. Max 4 for all x > 2, Min —4 for all x < -2
8. Max 8, Min at (0, —1)

9. local maximum 2% when x = 1% + 6k where k is integer, global minimum is 0 when x is a
multiple of 3, bounded

10. no extrema, unbounded 11. no extrema, unbounded 12. Min at (4, 0), below
13. local maxima of —1 when x is an odd multiple of 180°, local minima of 1 when x is
a multiple of 360°, unbounded
14. no extrema, unbounded 15. Min at (-2, 0) and (2, 0), below 16. bounded below
Answers (Monotonicity)
4. (a) decreasing (b) dec. in (-0, —2), inc. in (-2, +0)
(c) inc. in (—o0, 0), dec. in (0, +o0) (d) inc. in (-0, —2) and (%4, 1),
dec. in (-2, —%2) and (1,+x)
5. inc. in (-0, 1) and (3,+x), dec. in (1, 3)
6. (a) const. in (—o, —3) and (2,+x), dec. in (-3, 0), inc. in (0, 2)
(b) const. in (—0,-2), dec. in (-2, —1) and (1,+), inc. in (-1, 1)
(c) dec. in (—oo,—1) and (3,+), inc. in (-1, 3)
7. const. in (—oo, —2) and (2,+o), inc. in (-2, 2)
8. const. in (-0, —3) and (3,+x), dec. in (-3, 0), inc. in (0, 3)
9. there are many such intervals, e.g. inc. in (-6, —4.5) and (-3, 0), dec. in (4.5, 3)
10. and 11. dec. in (-0, 0) and (0,+0) 12. inc in (-, 0) and (4,+x), dec. in (0, 4)
Answers (Periodicity)
9. periodp =6 13. period p = 360° 14. period p = 180°
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