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1.1 Indices

A number or a variable can have an index. The
index tells us how many times to multiply a
number its itself. In simple words, an index is a
numerical value that indicates how many times

a number (the base) is multiplied by itself.

It is written like this:a™=a x a x a x..x a(m
times)
Here, a is called the base, and m is the index.
Key points:

e Base: The number being multiplied.

e Index (Exponent): Indicates the number

of times the base is used as a factor.

In simple words, the index shows how many
times we should multiply the base by itself. It is
a short way to write repeated multiplication

and makes calculations easier.

e Forexample:23=2x2x2=8

e Here, 2is the base and 3 is the index.

There are five basic rules of indices
(@) a? x a® = aPt4

ap

a _ rq
b) S =a

(C) (ap)q = qP4

() ai = Y2

B q—\P
(e) a7 = (Va)
Example 1

Evaluate the following
(a) 22x 23
43
(b) 5
(c) (333
1 1
(d) 22x 22

(e) V27
(f) 1253

Solution

(@) 2°x2°=2%%3 = 25 =132
43 _
(b) ;=4"2=4"=4
(c) (3%)°*=32*3=3°=729
(d) 2ix2i=2t1=21=2
1 1
(e) V27 =(33):=3*%=31=3
2
(f) 1253=(¥125)" =52 = 25
Example 2

Evaluate the following

@) (2
(b) 81%

Solution

(2 (£)3=<125§> _ (=) e
=) =55 ) =
(b) 813 = (481) =27

The zero index

aP _
From—=a??=q%=1
aP

~ Any number raised to power zero =1
i.e.100°=529°=83"=1
Negative indices

It can be shown that

1_a 0-1 -1
E ; a =a
Also

1 — 1 =23

g 23
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Hence a negative index is the inverse of a given
number

Example 3

Evaluate the following

(a) 162

o (&)

Solution

o167 = (2)' = () = () -
_2 2 3 2

o ()75 - () -2

Solving equations with unknown indices

2=

It involves making appropriate substation after
expressing terms containing powers in
simplified form

Example 4

Solve the equation
2241 _7(2%)+6=0
Solution

2241 _7(2%)+6=0
21.22* —7(2%)+6=0
22¥)2-72%)+6=0
Let p=2*

= 2p°-7p+6=0
(2p-3)(p-2)=0

Either2p-3=0

p=§

or

when p=§=> 2x =3
2 2
log 2* = log%

xlog2 = log%

3

x = :;’:i = 0.585
When p =2
2*=2= 21
x=1

Hence x =1 and x = 0.585 (3d.p)
Example 5

Show that

3(2x+1)_4_(2x—1) _
2x+1_2x - 4
Solution

(ZH)-4(2") _
2X+1_ox -

Handling terms on the LHS

3(2x+1)_4(2x—1)
2X+1_ox

_3(2% x21)-4(2%.21)
- 2%.21-2%

_2%(3.2%'-4.21)

6—2
2%(21-1) 1 4

Example 5

4
Solve x3 = 81

x=(481)°=3% = 27
Solving equations with squares

Example 6

V2x+5=x+1

Square both sides
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(\/Zx + 5)2 = (x+1)? Let +(/x; + vx;,) be square root of 6 +2v/5

20452304 20+ 1 > (/T +VT) =6 + 275
xX=4 Squaring both sides
x=42

(W + v = (V6 +V5)
X1 + %, + 24/%1. %, =6 +2V/5

Testing/checking using -2

V2x+5=x+1
Comparing terms on the two sides
V2x—2+4+5=-2+1
x1 + x2 = 6
1+#-1
X1 =6 = X9 errrrrrrerenanns (i)
Hence -2 is not a solution to the equation ,
X1 Xy = 5 ...(ii)

Testing/checking using 2
Substituting eqn. (i) into eqn. (ii)

V2x+5=x+1
(6 — x3)x; =5
V2x2+5=2+1
x + + X12_6x2+5=0
3=3

x12—x2—5x2+5=0

Hence 2 is the solution to the equation 2yt — 1) = 5(xy — 1) = 0

Example 7 (x = D((x;-5)=0

Solve forx:Vx +2 = 4 Either:x, —1=0 =>x; =1

Square both sides or X, —5=0 =>x,=5
(\/x—-l-2)2=42 Whenx, = 1:x, =6 —1=5

X+2=16 Whenx, =5:x; =6—-5=1

x =14 Hence the square root of 6 +2v/5 is (1 + V5)
Finding square roots of terms containing Example 9

rational and irrational quantities
Find the square root of 8 - 2v/15
When finding roots of terms expressed in the

form a + /b, where a is a rational and b is an et £(v/x; —+/x;) be square root of 8 -2vV15
irrational quantity, we let the root to be in the —

form of +(y/x; + 1/x3) where x; and x, are +(Vx + ;) = V8- 2V15

integers. Squaring both sides

Example 8

(V& ~vE? = (V8- 2vis)
X1 4 x; — 2/X1. %, = 8 — 24/15

Find the square root of 6 +2/5

Please find free notes, tests and marking guides of physics, chemistry, biology and mathematics from:
digitalteachers.co.ug Page |4



Comparing terms on the two sides

x1 + xz = 8
X1 =8 = X3 v (i)
X1.X2 = 150, (ii)

Substituting eqn. (i) into eqgn. (ii)
(8 — x5)x,=15
x2—8x,+15=0

x;2—3x, —5x,+15=0
Xp(x —3) —5(x, —3) =0
(x =3)((x =5)=0
Either: x, —5=0 =>x,=5
Or X, —3=0 =>x, =3

Whenx, =5:x; =8—-5=3

Whenx, =3:x;, =8—-3=5

Hence the square root of 8 -2v/15 is i(\/g -
V3)

Application of indices
Indices appear frequently in mathematical
expressions. Here are some real-life examples:

(i) Scientific notation:
e.g. The mass of an electron is 9.11x107*"kg.

(i) Algebra: x> +2x*-x+5
(iii) Geometry: Area of a square: A=s’
(iv) Compound interest:

Formula: A=P(1+r)",

E.g. If you invest $1,000 at 5% interest for 3
years:

A=1000-(1.05)°=1157.63
(v) Population Growth

Formula: P=P,-rt

Example: If a population doubles every
year, after 5 years it’s Po-2°=Py-32

(vi) Computing: Data Storage
Example: 1 GB = 2*°bytes

These examples illustrate how useful and
versatile indices are in maths.

Conclusion

Mastering the concept of index is a key part of
mathematics, especially with exponential
expressions and algebraic simplifications. From
understanding the definition to applying the
laws and rules of indices, the use of indices in

maths is broad and necessary.

By grasping the meaning of exponents and
applying real-world examples of indices,
learners can discover new problem-solving
strategies and strengthen their mathematical
intuition. So the next time you see a small
number raised above another, remember that’s
the mighty index, making math both simple and

powerful

Revision exercise on indices
1. Simplify
(i) 9a% +27a* E a6]
(i) (6a%)+(0a") [ o’
(i) 2a~3b? [2b2c4]

7¢c™4d? 7a3d?
1
(iv) (x*yz?)’ x /x5y2z + (x2)2

[x°yz~°]

W Yt ]
2. Evaluate

(a) (64)™ [16]
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o @) F
o @
@ @[]

243\ 3
(e) ( ) [1.6445]
3. Solve the following equations
(a) 98x*=2 [x=0.1429]

3 _ _ l
(b) x*=8 [x = 2]
1 .3 _ q.-1f, _
(c) 55X = 8x"[x=4]
S 5,2, _5
(d) =x==>x [x =3
(e) 12—4x_2 + 14x = 0 [x =-0.2169]
4. Solve for x
(a) 32**1 +3=10(3%) [x=1orx=-1]
(b) 22%-1 +§ = 2%+1[x =0, x =1.585]
(c) 7* = 317% [x=0.3608]
(d) 7x2+2 =0[x =—
2 _1
(e) 5x3 =x 3[x=—]
_1 1 16
(f) 4x 3 = 5xs [x = 2—]
2 o, 1
(g) 6x3 — ¥ 2= 0 [x =0.077]

1
(h) 8x~2 = 343x2 [x=0.003562]

5. Show that
(22x_3.22x—2)(3x_2'3x—2) _ l
(a) 3X—4(4X+3_22X) - 4
1y _2
(b) (1+a)2—§a(1+a) 3 _ 342a
(1+a)§ 3(1+a)%

(c) (@a—a™D) (ag — aé) = az__al_z

a 3

1
az+ab va a
(d) oo~ Va5 = \/;
6. Solve
1 _1
(i) x3 —3 = 28x 3 [x=-64, x=343]
1 1
(iii) 2x7 = 9 — 4x71[x =i, X = 256]

3
(iv) x3 4+ 8 =9x2 [x = 1, x= 4]

10.

11.

12.

81

1
(v) 2x3 = ?x‘l [x = 8.6967]

5 7
(vi) 49x 75 — %xg = 0 [x=22.2739]
2 1
(vii)x3 — x3 — 2 = 0[x=-1]

1 1
(viii) xz — 5x%+ 6 = 0[x=-1]
1 1 1 1
(ix) 6x3 4+ 5+ x 3=0[x=—,x=—]
2 3

Solve for x
(@) vx + 2 —x = 0[x=2]
(b) \/1+x:1+\/1—x[x=§]

(© B=x)7=(1+x)7+2—x)

-0.92665]
(d) Vx + 6 =v/1 —3x — V4 — x [-5]
Without using mathematical tables or
calculators, find the value of

(V5+2)°- (vV5-2) 1]

8vs
Find the square root of the following
(a) 6+2V5[+(1+V5)]
(b) 18- 2v12[+(+/0.695 — v/17.303)]
Solve the following equations
(a) 32¥*t1 —3x*1 _3x 4+ 1 =01[1,0]
(b) 22x+1 _ 2x+1 +1=2% [_1' 0]
() 3(3%*)+2(3¥) —1=0[-1]
(d) 32¥*1 —26(3%) =9 [2]
2 -2 1

(e) 9x3 + 5x 3=37 [x = or 8]
() (x? —2x)%+ 24 = 11(x? — 2x)

[x=-2,-1, 3, or 4]
(g) 2x*—9x3+ 14x2-9x+2=0
(h) 4*=2""-15=0[x=2.322]
Solve the simultaneous equations

2% 447 =12

3(2%) — 2(2Y)=16 [x=3, y=1]
Solve the simultaneous equation
2+ 4'=12

3(2)-2(2)¥ =16 [x=2,y =1]
Hence show that (4)* + 4(3)* = 100
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1.2 Logarithms

A logarithm is an exponent, an index or power

The logarithm of a positive quantity p to a given
base q is defined as the index or power to which
the bases g must be raised to make it equal to
P.i.e.log, p = x means that q* = p or xis the
logarithm of p to base q

- xisthe power (index, logarithm or
exponent)

- gisthe base

- pisthe number (which must be
positive)

Example 1
Find the values of x in the following

(@) log, 8 =x
Solution
g=2°
~log,8=3;x=3

(b) log, 25 =2
Solution
25 =5°
= x’= 5

~x=5
Example 2
Evaluate
(a) log,, 9V3
Solution
Let log,; 9v/3 = x
27% = 9V3
33x = 32.3% =3§
Equating powers

3x =

Nn

5
X==
6

]og27 9\/_ = 2
1
(b) log%Z
Solution

1
Let log% 2= X
nN* 1
(E) T4
1\2
=)
Equating powers x =2
1
~logi-=2
g24

Example 3

Given that logsx = 2logs4 —logs5 + logs9, find
the value of x. (05marks)

42x9
5

log; x = logs

— 16x9
= 1083 —

= log; 28.8
Comparing both sides
x=28.8
Example 4

Given that p = log,(a®y~2) and q = log, ay?,
find the value of p + g. (05 marks)

Solution

P+Q=log,(a®y~2) + log, ay?
=log,(a’y ?x ay?)
=log,(a*)
=4log, a

=4x1=4
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Example 5

logg 216+log, 64

Evaluate
logz 243-logy 0.1
Solution

Logs 216+log, 64 _ loge 65+log, 2°
logs 243-10g10 0.1 logs 35—logyo 101

_ 3logg6+6log, 2
- 5logsz 3— —1logyo 10

_ 3x1+6x1
T 5x1+1xl

9

6

=15
Rules of logarithms

(@) (i)loggaa=1
Proof
Letlog,a = x
a‘=a'
x=1
~loggaa=1
(ii) log, 1=0
Proof
Letlog, 1 =x
a‘=a’
x=0
~log,1=0

(b) The power rule
log, P9 = qlog, P

Proof

Letlog, P = x

a*="pP

Raising each to the power q
a9% = p4

= log, P =log, a? = qx
=~ log, P9 = glog, P

(c) The addition/multiplication rule
log, pq = log, p +1log, q
Proof
Letlog,p =xand log,q =y
p=a*and q = a¥

pq = a*.a¥ = a**y
log,pq = log,a**Y =x+y

~loga pq = log,p +log, q
(d) The subtraction/division rule

log, (2) = log,p —log, q
Proof

Letlog,p = xand log,q =y
p=a*and q=a”

E = a_x — ax_y

q a¥

log, (S) = log,a*™Y =x—y

10gq () = logap —loga

(e) Change of base
_ loggp
- logga

loga p

Letlog, p = x,thena® =p
= log, a* =log,p

xlog, a = log, p

_ logqp
logg a
. _ logqp
a logap - logqa
Example 6
Evaluate

(a) log, 8v2

Solution
Either: let log, 8v/2=x
= 2% =82

log2 8\/_ =%

1
Orlog, 8V2 = log, (23. 25)

= log, 22
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1
(b) log, —
Solution

Let log, % =X

x 1

a*=a"
x= -1
loga%=-1

Example 7

Express each of the following as a single
logarithm

(a) Log4 +log3
Solution
Log 4 + log3 =log (4 x 3)

=log 12

(b) Log5 +log18—1log3

Solution

Log 5 +log 18 —log3 = Iog(5 };18)

=log30
Example 8

Show thatlog, p = @. Hence solve the
equation logs x + 2log, 5 = 3
Solution
Letlog,p = x
= a*=p

Introducing log to base p on both sides

log, a* =log, p

xlog,a =1
_ 1
- logya
loga p= ogy a

Then,

logs x + 21og, 5 =3

logs x + 2_=3

logs x

Let y =logs x

2
=N -
y+y 3
y2-3y+2=0
(y-1)(y-2)=0

Eithery=1ory=2
Wheny=1:logsx = 1;x=51 =5
Wheny =2:logs x = 2;x=5% = 25
x=5andx=25

Example 9

Solve log, 5 + 4logsx =4

Expressing terms on LHS to logs.

logs 5

@‘i‘ 410g5x=4
1

ogex + 4logsx =4
Letlogs x =y

1

—+ 4y =4

y+ Y

4y2 —4y+1=0

(2y-1)(2y-1)=0

Example 10

Show that 2log4 + %log 25 —log20 = 2log 2.
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Solution (ii) Simplify (log, b?)(logy, a®)

Handling the left hand side (log, a®)

(log, b*)(logy, a®) = (log, b?)

log, b
2Iog4+%log 25 —log 20 8a
3log,
2. 1 = (Zlog, b) : loog ba)
= 2log2” + - log 52 — (log 4 + log 5) 8a
=2x3=6

= 2log2* +~1og 52 — log 4 — log 5
2 Or

=4log2 +log5 — 2log 2 — log 5
oe T 08> melog s T I08 (log, b?)(log,, a®) = (2log, b) (3log, a)

= (—Zlogb“ b) (3log, )

logp a

=2log2

Example 11

=2x3=6
(a) (i) Find logq 27+/3 without using tables

Solution (b) Expresslog,s xy in terms of
logs x and logs y. Hence solve the

Let logg 27v/3 = x simultaneous equations:

1
9% =273 logys xy =43
logs x
—=—=-10
(32)* = 33, 3% logs y
o 7 Solution
3% =32

(i) By change of base rule
Equating indices

logs xy logsx +logsy

7 1 = =
2x=3 0825 XY logs 25 logs 52
x =175 _ logs x+logs y
2
Or logs x + logs vy
. - logys xy = - 3
Changing the base from 9 to 3
Hence solving
10g9 27\/?—’ _ 101g3 273
0839 1
log,s xy = 45
_ logs 27+logz V3 logs x+logsy _ 9
logs 9 2 T2
1 logs x +10g85Y =9 v (i)
_ logz 33+logs 32
10g3 32 log_sx _ -10
3+t logs y
= 72 =2 logs x = —101085 Y wevvvveveennne. (ii)
Substituting eqn. (ii) into eqn. (i)
=175 —10logsy +logsy =9
logsy = —1
y= 5_1 = l

5
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Substituting logs y into equation (ii)
logsx = 10
x = 510

3 x=51°andy=§

Example 12

(a)

(b)

Given that log;, a = x show that
1
logg b

1
b =ax and deduce log, a =

Solution
log,a=x
b* =a
1 1
(bx)x = qx
1
b =ax
Taking log to base a on both sides
1
log, b = log, ax
1 1
log, b = ;loga a=-

But x=log, a

1
logp a

loga b =

Find the value of x and y such that
(i) logipx +logioy =10
logio x —logioy = logyg 2.5

Solution

logigx +logoy = 1.0 ............... (i)
log o x —logoy = logq 2.5 ...{ii)
Egn. (i) + eqn. (ii)

2logp x =logqo 10 + log¢ 2.5
log,o x% = log;o 25

= x?2 =25

x=5
Substituting x into eqn. (i)
log1g5 +logpy = 1.0

log1oy = 1081910 —logyo 5
log1oy =logig10 +5 =logyy 2
y=2

Hencex=5andy=2

(ii) Simplify 2*.3Y = 432
Solution
2%.3Y =432 = 24,33

Comparing exponents
x=4andy=3

1+vV2+V3
VZ+/3

(c) Simplify
Solution

By rationalizing

1+v2+V3 _ (1+V2+V3)(V2-V3)

V3 (VZ+B)(VZ-VB)
_V2-V3+2-V6+V6-3
B 2-3
_ V2=3-1
T
=1+V3-+2

Example 13

Prove that logg x = 183X Given that

1+logz2

logz 2 = 0.631, find without using tables or
calculator logg 4 correct to 3significant figures

Solution
log. x = logsx _  logzx logz x
86X = logz 6 - logz(2 x3) - logz 3+logz 2
__ logzx
T+ logz 2

Substituting for logs 2 = 0.631

logz22 _ 2logz2 _ 2x0.631
1+logz2 1+logz2  1+0.631

loggx =

=0.774
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Application of logarithms

(i)

(i)

Sound Intensity (Decibel Scale)
Use: Measures how loud a sound is.

Example: A sound 10x more intense than
another is 10 dB louder.

Formula:

dB =10.log4, (1)

Iy

where | is the sound intensity and |, is the
reference intensity

Earthquake Magnitude (Richter Scale)

Use: Quantifies the energy released by
earthquakes.

Example: A magnitude 6 quake is 10x
stronger than a magnitude 5. Formula:

M =logo (A%)

where A is the amplitude of seismic waves

(iii) Acidity (pH Scale)

Use: Measures acidity or alkalinity.

Example: pH 3 is 10x more acidic than pH 4.

Formula:

pH =-log;o(H™)

where [H+] is the hydrogen ion
concentration.

(iv) Finance and Economics

Use: Calculates time to reach financial
goals.

Example: To find how long it takes to
double money at 5% interest:

_ log(®)

= Tog(105) =14.2 years

Revision exercise on logarithms

1.

10.

Evaluate
5
(a) logé 25v/5 [_E]

(b) logz 27 [3]
Express the following as a single logarithm
(i) Logls —%1099 [log 5]
(ii) 3log2 + 2log5 —log 20 [log 10]
Given that log;, a and log. b = a, show that
log.a = ac
solve the equation
(i) log, 4+ log, a®
[a =2anda = 4]

.. _ 1
(i) logis x =log; 4x [196]
(i) log,4 (6 — x) = log, x [x = 2]
Without using tables or calculator show

2log9 + log8—log 375
that 2292+ 097708775

%log6—log5§

Iflog, x + logy x +log6 x = i—;. Find the

value of x [x = 1.6818]

Givenlog, b = log, c, show that

log. a = log, b. Hence or otherwise solve

the equationlogg, 64 = log, 4. [x=3]

Solve the simultaneous equations

logio(y —x)=0

2log,o(21 + x) [(x,y) =(-5, -4) or (4,5)

Given that log, x + 2log, v = 4. Show that

Xy = 16. Solve simultaneous equations

10logo(x +y) =1

log, x + 2log, vy = 4. [(x, y) =(2,8)or (8,2)
1

(a) If logy, a = x, show that b = ax and

1
deduce that .
logg b

(b) Solve
(i) log, 4 +log, x? = 3 [x = 2 or 4]
(ii) 2271 4 2 = 2**1[x=0 or 1.585]

11.

Prove that logg x = %10g4 x. Hence without

using tables or calculator, evaluate logg 6
correct to three significant figure, if
log, 3 = 0.7925 [0.862]

(e) Vx + 2 —x = 0[x=2]
) VItx=1+VI—x|x=Y]
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13.

14.

15.

16.

17.

18.

19.

@ G-xr=1+x7+2-%° [x=

-0.92665]
(h) Vx + 6=vV1—3x — V4 — x [-5]
Without using mathematical tables or
calculators, find the value of

(V5+2)°— (vV5-2)° 1]

8vs

Find the square root of the following

(c) 6+2V5[+(1+V5)]

(d) 18- 2v12[+(V0.695 — V17.303)]
(e) 18-2v2[+(v/0.1118 —/17.8882)]
Solve the equations

(@) log, 5+ 4logsx =4 [\/g]

Solve the simultaneous equations

3x — 23y+1; 4x—1 — 122y+1

. log3 _ 8 -40 -29
Given —Z =—[x=—andy=—
log2 5 23 23

Find the value of x to 2 decimal places if
23%+1 — 3%+2[1 53]

Show that:

2logs + %log 25 —log20 = 2log 2.
Express log,< (xy)in terms of

logs x and logs y. Hence or otherwise
solve the simultaneous equations:

20.

21.

22.

23.

logas (xy) = 4

logsx__ =0 _l
Togey — 10[x—5 andy—s]

Solve the equations
(@) log, 8 —log, 2 = 16[ x=2]
21

(b) log, x +logy x +log 6 x = T

1
|x = 8% = 1.6818]
(a) Given that log, x + 21og, y = 4, show
that xy = 16. Hence solve the simultaneous
equations
logio(x +y) =1
log, x + 2log,y = 4
[(x, y)=(8,2) or (2, 8)]
Show thatlog, b = — Hence solve the
logp a

simultaneous equations
log, b+ 2log,a =3
logga + 2loggb = 3
~(x,y) = (27,27)or (9,81)
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1.3 Surd

These are irrational numbers which cannot be
. a
expressed in terms of; where aand b are

rational. Irrational numbers may be defined as
square roots of prime numbers.

Examples are \/Z \/§, N

Expression of root of numbers in surd form
Example 1

Write the following as the simplest surds

(i) V32 (i) V50 (ii)V8 (iv)V27

Solution

(i) V32=+V16x2= V16xV2 =42
(i) V50 = V25x2 = V25xv2 =5V2
(i) V8 = V4dx 2 = VAx+2 =22
(iv) V27 = V9x3 = V9x+/3 =3V3

Addition and subtraction of surds

This is done by expressing the surds in their
simplest form

Example 2

() V75 —3V27 +2V12
=vV25x3-3v9x3+2V4x3

=25 x V3 = 3xvV9x V3 + 2 x V4x/3

=5xv3—-3x3xV3+2x2xV3

(5-9+4)/3=0

(i) V50 ++/2 —3v18+2V8
=V25x2+v2—3vV9x 2+ 2V4 x 2
=5V2+V2—3x3V2+2x2V2

=(G+1-9+4)V2=v2

Multiplication of surds

Finding the product of two surd numbers is the
same as finding the root of the product of two
numbers.

i.e. VaxVvb = Vab
Example 3

Find the value of the following and give your
answers in the simplest form

(i) V2x~2
(i) V2 x+/20

(i) (3vZ — 2v3)’
Solution

(i) V2xvV2=+V2x2=4=2
(i) V2x+/30 = v2x30 = 2V/15
aim)  (3v2 —2x/§)3

Using Pascal’s triangle; the coefficients of the
terms in the expansion (a +b)*are 1331

(3vZ-2v3)’=

(3v2)° +3(3v2) (~2v3) + 3(2¥3)(-23) + (-2v3)’
=(54v2) +3(18)(—2v3) + 3(12)(3V2) — 24V3
=162v2 — 132v3

Example 3

4 4,
Express NN + N form by/c where b

and c are integers. (05 marks)

4,4 _ 4(V3—V2)+4(/3+V2)
V32 V3-V2 T (VBHV2)(V3-V2)
8v3

1

Henceb=8and c=3

Example 4

3 6
Show that 25745 =—ﬁ
5756 2
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253456 [(52)3456

5756 - 5756
56456
5x56-56

NN o g
o |G
ol o

_V2
T2
Example 5
. . 6/10+2v40
Without using a calculator, evaluate vz

Solution

6vV10+2V40 _ 6V10+2V4x10
VZxV20 T VZxV2x10

_ 6V10+2V4 xV10
T V2xV2xv10
_ 6V10+4 xV10
T 2xv10
_10V10
~ 2xv10
=5

Division of surds

There are two types of division of surds;

A fraction whose denominators has a single

1 1
term such as NAENEL etc.
- Afraction whose denominator has double

1 2+/3 1 otc
V2+V3'2—/3" 1+V5 T
- In both cases, first eliminate the surds from

the denominator. The process of
eliminating surds from the denominator is
called rationalization.

- Inthe first case rationalize the fraction by
multiplying the numerator and
denominator by the surd term of the
denominator.

terms, such as

Example 5

Rationalize the following

L2
(i) e

1

(i) =

n 5

(iii) NG

Solution

(i) == 25 _ 25 _ 2V5
V378 T 3vsxvs  3x5 15
.. i_ 1xv2 _Q

i) %= %z~ 2

53 _ 5V3

(i) £ =
WB =B 3

In the second case rationalize by multiplying the
numerator and denominator by the conjugate
of the denominator.

Note

(i) The conjugate a + Vb is a - Vb and that
a-vbisa++Vb
(ii) The product of a surd function and its
conjugate is equal to the difference of two

squares. i.e. (a+Vb)(a-vb) = (a2 -
(vB)")
Example 7

Rationalize the following

(i) 2—v2

L1

) 3%

.\ 35

(iii) N

solution

. 2 2(2+v2)  _ 2(24v2) _

) = Ve = e = (2+V2)
1 1(3+V5) _ (3+V5) _ (3+V5)
B e (EE25) MR
3B VER3 _ (3)2-(VB)° _9-5 _ 1
V) = == R
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Set square angle (30°, 45° and 60°)

(a) Consider an equilateral triangle ABC of each

side = a units

C
a 30\ a
A 60° 60° 5
D 1,
2

ED? = a% — (la)2 = 3%

Ec=2
2

0 a3 _ V3

a 1 .
cos 60°= — = = sin60" =——
2a 2 2a 2

tan 60°:§ x% = \/3_’

av3 V3 a 1
cos 30°=— = — sin60% =— = =
2a 2 20 2

o_1,2 _ 1
tan 60 = > x\/§ =5
(b) Given a right angled isosceles triangle ABC
with equal perpendicular sides each of

length a units

B A

AC? = a? 4+ a? = 2a?
AC = a2

0_ . o__a@ _
cos 45" =sin45 =z

ol

tan45°=%=1

a

Example 8

Express without a surd in the denominator each

of the following

(a)

1+tan 30°
1—-tan 300

(b) (1+cos 450)2

2-sin 600

Solution

(a)

1
1+tan30° _ 1*77 (\/§+1) (\/§+1)

1-tan30°0 1-L V3-1/ \V3+1
V3
3+2V3+1  4+24/3 =
T3 T2 =2+v3

2
(b) (1+cos45°)2_ 1+§ _(2+«/5)2
2-sin60®/) — \,_ 8] T \4-y3
2

_ 4+42+42

T 16-8V3+3

_ [ 6+4V2) (19+8V3

N (19—8\/§) (19+8\/§)

_ 114+48V3+76V2+32V6
169

Application of surds

(i)

(i)

Architecture and Construction

Use: Surds appear when calculating
diagonal lengths or slopes.

Example: To find the diagonal of a square
with side 5 meters:

Diagonal=5*+5*=y/50=5v/2

Why it matters: Keeps measurements exact
without rounding errors.

Geometry and Trigonometry

Use: Surds are common in formulas for
area, perimeter, and angles.

Example: The height of an equilateral

. o . av3
triangle with side a is %

Why it matters: Helps in precise design and
modeling.

(iii) Navigation and Distance Calculation

Use: Surds help calculate direct distances
using Pythagoras’ theorem.
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Example: If a plane travels 3 km east and 4
km north, the direct distance is

V32 + 42 =+/25 =5km

If the values aren’t perfect squares, the
result remains a surd.

(iv) Physics and Engineering

Use: Surds appear in formulas for speed,
force, and energy.

Example: The speed of a wave might be

T
expressed as \/%

Why it matters: Ensures accurate modeling
of natural phenomena.

Revision exercise on surds

1.

Simplify

(a) V48 [4/3]
(b) V162 [9V2]
(c) V28 [2V7]
(d) V45 [3V5]
(e) V125 [5V5]

() VT47 [73]
2. Simplify the following suds
(a) V8 + /200 — 4V18 [2V2]
(b) 5v20 + 2V45 + 2v/5 [18V/5]
(c) 3v50 + 2v32 — 2V75 + 2V12 — V27
[23v2 — 7V3]
3. Given that 4v20 + 3v/5 — 5v125 = x+/5,
find the value of x [-14]
4. Find the value of the following simplifying
the answer as much as possible
(a) (5V2—+5)(3V5 —2v2)[5 + 13V10]

5. Express each of the following in the form

a?\/B where a, b and c are integers
2 [2V7
@ % [%7]
3 [3V2
() 7 [5]

() 225 [2v35)

6. Solve the equations

(@) /(x—5)+Vx=5 [9]
(b) /(I —=20x)-2vx+1=3 [x:_i]
@ 2/a-D-Ja+H=1

13
[x=5 orx-?]

Thank you Dr. Bbosa Science
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