CHAPTER 12 NOTES - SURDS,
INDICES AND
EXPONENTIALS

Exercise 12A — Surds

Asurdisareal, wvuhowug) radical such as \rz,, ﬁ v JT .

A radical is any number written under the root sign.

For example, v/4 is considered a radical, but isn’'t a surd as we can write it as
2 .

Important Properties:
e +/a is never negative, so va > 0
e +aisonlyrealifa=0

e Vab=+ax+Vbfora=0andb=>0
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Example: Write as a single surd or rational number:
a. V2x+3 5, 2

- T T

c. VI3xVi3 d. (2v5)°
= l3 2 S )‘23—5
: 4 x§
= 20

Example: Write v18 in the form avb where a and b are integers and a is as large as
possible.
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Example: Write 1/98 in the form avh where a and b are integers and a is as large as
~ possible.

={a1 02
T4a x J2°
202
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Exercise 12A.1: page 323
Questions: all

Example: Simplify

a. 3V3+5V3
=883

b. 2v2 - 52
- .33

Example: Simplify

a. V5(6—+/5) b. (6 ++3)(1+2V3)
=¢f5 - ¢ =5+|2~G+ﬁ+(2;«5)
6+ 353 + ¢
=12 + 1383

Example: Simplify
a. (5-+2)° b. (7 +2V5)(7 - 25)

> 5 T
c s ausaiE 453 : hi-| 2° 5

228 - 1032 +2 ga -4 xY
= 22| -jod2 *4q -20
294

Exercise 12A.2: page 324
Questions: all



Division by Surds

We don't like to wr|te numbers with surds on the bottom of fyachom . S0 for any

fraction of the form J_‘ we remove the surd by multiplying the whole fraction by J‘

We are allowed to do this, because we are essentially just rhultiplying by: il 50
we’re not changing the number, we are just changing how it looks.

Example: Write with an integer denominator:

6 ,‘_.\:-S_‘ E ’i‘ﬁ
s R
A = 35J7
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:Zﬁ = 2 xﬁ *{Dz Jx
3x3 333 3
=r N E = 213
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Exercise 12A.3: page 325
Questions: 1

Things get a little more interesting with these questions when there is either an addition
or _subhachon sign in the denominator. Remember, we are trying to get rid of

the surd on the bottom.

; : J c . a—Vb
General Rule: to change the look a fraction like T multiply by s

This will remove the surd on the bottom line. Let's do an example to see how it works.



Example: Write # with an integer denominator.

IS el2alz | o s(3i)
3-32 | | 3407 | | 22l TR | 4 dots
\' 2
Sig | = IS & 502
e a2
< !S-\'gﬁ
P

Example: Write Zg_? with an integer denominator.

2§72 +1 x 513
2-3 & +3

(1]

2x7 1+ 1I7 |+ §7 # 3 | mPoiL
G‘L _ 37. « OoTs
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w5 7207 43
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Exercise 12A.3: page 326
Questions: 2



Exercise 12C — Index Laws

Most of this is revision from last year, so it's in your head — we just need to bring it
back to the front so we can remember it all.

" "Index Laws:

° am X an — am+n

% (a)n k
am & b pn
L] -———an — am n

o (a™)* = g™

-n _ -
e (ab)" = a™b® *Wn ==
Example: Simplify the following:
4
A el e b % s s
L B e e B B L e e o — 313
TR s R T e e e 0 S e P B IR
g2’ |l e R 28 Rt S 45:1
d. 4x2P e. z—; £ 25%1
21, b s = e 20
- x - >
28 ' < 2x-2
= B" -Ld
Example: Write as powers of 2:
a. 16 b. 116 GL Aox 2
B 2% dvix? 2| 1 AAEE
-1‘1
zFEm
= g™ 2|32
- 2‘“
d. 1 Bl
8
= Lo - Lh
53
i 2n—3



Example: Remove the brackets of:

P 3¢ 4 2x3y2\ 2
a s b (5] e
= (Pl el b e [l ol
‘ ‘ b ‘ !
7 Bla° ' T e
= 8l . VoF
b z QL“J"
Example: Simplify, giving your answers in simplest rational form:
-2
a. 7° b. 32 gz G0 =g~ d. (5)
2 * ‘ [N I ||
= 77!” ) fer® i 1 } } ‘ [ [
1 T o e o e e o0 0 e vy et
FA | =) ) | |= 3t
IS I e | & S _l_.i}_-_.L . L
NN L A |
1 L] ] | |
Example: Write the following without brackets or negative indices:
32
a. (2ab)™? b. 2(ab)™?! c. (sz y)
- = 2' 1 7 | _; 2 -3:1 a
el L S -1 =120x] |y
2ab ab s
- q».b L
tJ.
a dy o
X/"*l

Exercise 12C: page 330
Questions: 1-12



Exercise 12E — Rational Indices

We now look at powers that involve fvach‘ows

Rational Index Laws:

1

1

° \/Ezai ° %:aﬁ
3 l n 2

o \/Ezaa e +am=aqagn

Example: Write as a single power of 2:

3 i1 5 .
a. V2 b. ﬁ c. V4 d. ﬁ
: s
=AY =g
27 r L 1) S
2 2
2 I/ (2*)
v = Z 1
-3 Z— N - —
2/5 =
- 2 Z

Example: Use your calculator to evaluate, correct to 6 decimal places:
7

7 al
a. 2s b. ﬁ
2 2.63101¢ 2 0.62496)

Example: Without using a calculator, write in simplest rational form:

a. 85i b. 8‘§ C. 27’2
9/ -2 -,
:(23> 3 __(ZZ) 73 3 (33) 2
s lu = Z_Z o &vl
g7 L o 1 ]
- 7

Exercise 12E: page 334
Questions: all



Exercise 12G — Exponential Equations

An exponential equation is an equation in which the unknown occurs as part of the
MA¢x or Cx‘aow ont

We want to get both sides of the equation with the same __i« d¢x . We do this because
if a* =a*then _y =k .

Example: Solve for x:

a. 2* =16 b, 3%+2 = L
27
* Y
Z & Z 311'7. o 3L:;
y = % 4 kP
X+2 T 13
x P S
c. 4* =8 d ox2=12
i | = | |
Z'Ll =2 31(1 2) £
2y =3 Yr-2) = -1
| A2 AR EEL
2x= 3
| 8
2= "/

e. 44+2¥-20=0
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Exercise 12G: page 338
Questions: all



Exercise 12H — Exponential Functions

We now consider the graphs of exponential functions. The ‘base’ graph which we
work from is y = a* wherea > 0, a # 1.

The graph of y = 2% is below:
[ A | /

¥Y-40

E] 0 1 3 2 5

|

As the graphs become more complicated, there are patterns we can use to help us
graph them without needing to plot points.

Exponential Function Graphing Rules:
Bory =k xa’=tb

e a controls how steeply the graph increases or __d¢.yeascs
e b controls the vertical translation.
e ¢ controls theAhorizontaI hunslahon

e The equation of the horizontal STV 10].d is vu\’ b

e If k>0, a>1the functionis Mcvcm{ns (_/‘

e Ifk>0, 0<a<1thefunctionis Acma,;.,b \_,

o Ifk<0, a>1thefunctionis _de V‘cmv'n:j ‘-\

e Ifk <0, 0<a<1thefunctionis __incu; o K




_Example: Sketch the graphs of y = 2*and y =2*+2 >
T : ; ‘ [ T | T ‘ | \5 -

RN

Example: Sketch the graphs of y =2*andy =27 -3

— i O o | T i T 1 — x
=S -4 =3 it 4 \ 2 3 " +
NS ("] W SR W IS T _,_x,vﬁ—_-,,v s g
J
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Example: Use technology to solve the equation 3* =7
x21.7?7

Exercise 12H: pége 342
Questions: all
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Exercise 12| — Growth and Decay

We now look at worded problems for this section. Straight to examples!
Growth

Example: An entomologist monitoring a grasshopper plague notices that the area
affected by the grasshoppers is given by A(n) = 1000 x (1.15)" hectares, where n is
the number of weeks after the initial observation.

a. Find the original affected area.

o

5 0
| 000 x(ms),
=+ (000 x |
*= (000 "!Vl

A (0),

b. Find the affected area after:
i. 5weeks

”(5) = 1looo x I15° = 2010 bg
ii. 10 weeks

Al) = 1000 x 1157 * 4050 ba

c. Draw the graph of the affected area over time.
ales)

3000 T

A(h) = looox(p.\f)“

Goop
Y000

Loop

: et — (wcuc:)
1% A

u_
o
=

a 2 9 ¢

d. Use your graph or technology to find how long it will take for the affected
area to reach 8000 hectares.

USI’VD the gm’;A I c) i+ woud  tale afpxinately
% weles 12 Rach | ae aﬂ‘zclza{ ares  of 3000 ha

Exercise 121.1: page 345
Questions: all
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Decay

Example: When a diesel-electric generator is switched off, the current dies away
according to the formula I(t) = 24 x (0.25)% amps, where t is the time in seconds after
the power is cut.

a. Find I(t) whent=0,1,2 and 3

I(o) * 2 xo.2s” T(2) > 24 x 0. 25"
Y L dvps = 1.5 awps

I(1) = 24 xo.s] Z(3) =24 vorrs’
T 6 awps | =| 061378 4ps

b. What current flowed in the generator at the instant when it was switched
off?

1(o) =24 W e Grocvaldy o Gff 24 ayp flased ﬂﬂmju Greir

c. Plot the graph of I(t) for t > 0 using the information above.

T (omp?) :
.
VA S
20
1S
104
5 +
T(t) = 24 H0.25)
o T T T t (52)

d. Use your graph or technology to find how long it takes for the current to
reach 4 amps.

U;,‘-v,j 7./14{,‘-\ i~ fkvl— C) rowl Tale h//ww‘“‘“hl‘l 1.1 Secancts
fo Vact. Y  avmps,

Exercise 121.2: page 347
Questions: all
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