Operations with Radicals
Multiplication Property of Radicals: va- Vb= Va-b, where a and b are real numbers such that {/a and
V/b are also real numbers.

1. Multiply the radicals. Always simplify when you can.

V5 V5 V13 V212 V53 - V1028
— 3
- 55 o T . [5on?
-5

=5
- 5x3.ax
(V3ab?)(v21a%b) VmZIn2 . V/48min? (44/3zy3)(-2/62%y?)
3
_ Je3e? 13 = [68 . m€.n = -8 VI8xy5
y—
- J97 ota.bib = \/6'23 ménd.n = -8 /29 x99y

= 3&!’)@ = QmQYJG'T :_Q.QXQUJ 13

2. Notice that v/5 - v/5 = (v/5)? = 5, and generally, Va-va=
to any real root, by saying, If /a is a real number, then (
again. always simplify when possible.

(v/a)? = a when a > 0. We can even extend this
t/a)™ = a. Using this idea, try the following, and

(V3 +2v10)(4V3 - VI0) (4v/T3zy)* (Va—1)?
= 44343 - {340 +8 i {3 -2 Nle = lel3Y = %I
=43 - 30 + 830 _ulo = Lo8 xg
=12 + Ff3o ~20
= -8+ 2o
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Problemn 2 continued..
(—2V6w=22)3
_Bx6wl’
_Y4gw2?
=P+7F -2/7P

(vP = V7)?
= (ﬁ;)’l—lﬁﬁ +(ﬁ)l

1}

(V5 + Vw) (V5 - V)
_(B) - BN + B W WV

- 5w

Multiplying Radicals with Different Indices. So far we have been multiplying radica}s of th}e same
type, like both being square roots, or both being cube roots, etc. Remember, we can write radicals as
fractional exponents. We will use this idea to multiply radicals of different indices.

Example: \"/5_.\/_=5%.5%=5§.5%=5%: 6/55.

Now you try:
\/5,{1/5 5q4.3q2 T\/-r; %
3 5
) LN 4 o a2 %
= x % A ~9°.q7 T = —
w3 va
2 ! 3 1 lo 3 'EI . :
= xTxT 2" = q9%. 9" BTSN -vipd
)/ 2% 3 -2 ol
3 — -—
X = i5 =u6‘u6 :V‘ _Vq‘
7
% X
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Rationalizing the Denominator and Solving Equations with Radicals

25
1. Simplify the following.
43 V72ab® V128w
| 254 v8ab V2w
g DU 9 b 3
59 *fea w
= 3 bl ,

Rationalizing the Denominator is the process of removing a radical from the denominator. To begin
this process, we need to identify the missing radicand to be able to take the root.

Examplé: Va - V?=vVa®=ua 7=a
w_\ﬂ/-?:aiy.“.:y -gzy'z _
Yod A= VP =0 fnd 2. a2t

2 Using your answers from above, rationalize the denominators of the fractions below by multiplying both the
numerator and denominator by the correct /7 from above. c
1 Ja & " 5 3F 53:@‘1 422 5 Sfag B 434 Jav3*
Va iz _a] FZEro Kl V2t e 17
Now Try These (Hint: It may help to write the constants in factored form): =32 5/9_n{ 32
3 3 3 3 3
b 2 2 1 e o5 5 ‘f— 6 ez

[
V3 12 B i B Y i3 2 3T 3(— B g
:b;"g __._‘Q;__X\G:_g :3{5— .?rﬁ— _ g@_lsﬁ—ﬂ—
- = - 2¥39
Z

3. We've seen that (a+b)(a —b) = a® — b?, so we will use that to rationalize the denominators with two terms.

For example, use this to simplify (2 + V6)(2 - v6).

= Aol ool

-2
Notice your answer no longer has square roots. Use this example to rationalize the denominator of 3
b
2 <) g 3
(2 +8)(2 7)) Bt i
Now try these:
— 12 {5+3) -5 Afx-{5) 3VZ =y fx -fy) 3VI0 Q2 io)
V5 —3 Ai543) vz +v5 A% E) VE+VI Wz g) 2410 2-1io)
=2 _ \IE = o R = - e -
i.}_@:lw :’xﬁ-’xrum+5{§ = 3% 3@-\[?5_,_3 —Eﬁ_____g_i
& ~9 =H x5 _'__{(“_E‘—-—-—h 4—lo

. - BAG T £ o
= 943@1 = -8y L5 (=5 %_—E-@_t?_ ; G{_TG =
x-5 L. =Tt
{715 <N |

I
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We know that (y/x)? = z for real valued roots, and generally (/Z)* = z. We can use this to solve radical
equations. For example, with ¢z =4, we can cube both sides to solve for z, (\%?)3 = 43 to get = = 64.

However. when we raise both sides to an even power, we might introduce false solutions (since raising to an
even power can change the sign). For example, VT = =T, when we square both sides to solve for r. we get
2 = 19. Now if we check that solution by plugging x = 49 back into the original equat ion, we get V19 = =7,
This is incorrect, since the principal square root of r must be non-negative. Therefore, we must check our
solutions when raising both sides to an even power. '

4. Solve the following radical equations. please isolate the root first, before raising both sides to a power.

S a= 6 (Br =)’ (2: - 3): —3=6
VX = 6-4 5941216 (12-3)5'=g+3
({;ﬁi (2)* 59 - 15 ((13—3)7'%)2: (9)2
x=4 3;%5_33 23-3:8!..;,22:—_?_‘{
Dek g 2446/ dek = fl551 =47 wack:(&’f{-g)%_‘g:;;%‘/
(k+18)5 +5=3 2W3—-w-w=0 2\/51;—+1‘+£=;+3
(ks |8)3”|= 25 23w = W (WL(SH)Z 5 S+ la Jredyql
((/};+!8)";5);=(—1\)3 ‘,/3_;;}; {%)1 Wy WaSsn = 3§ -0 > yry-3)=o
BEIB = 8 sdls-IBB 3-W - 1;{:_1 A qt ;1_ -Gj*iio-i.d\l:m-:bf\,
2%) T e /b = § deck: 42 = ¢+3 »/

VBh+6-YH-6=0
(§ a— g e orE
(ﬁbd}%{ﬂ)* ( 50-9)2(‘50-5)
Zbe€n7b-€ 5 4b= 12 Fa-9=5a +9_2(3)ka
BE =b &f5a =17

2 2
o Y (@):(3) = 5(1,:9 = Q=
Dweell am s 4 4 ,
tztk~)/94lf-\rl!-§ =yI5 - JI5 - diaki: SBx2 9. f5%D YB-6
8 5

[ d
5. The time. #(d), in seconds it takes for an object to drop d weters is given by t(d) = \ 5 Approximate the

d‘fdf.;‘@+1 = 3{3
= “1'1"1:—.6\/

&n‘-\p

height of the Willis Tower in Chicago if it takes an object 9.51 seconds to drop from the top of the tower.
Round to the nearest meter.

L. 950 i (9.51/;-;/41__)2
4.9

%.44 - ol
R e ‘f‘fBM}
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Complex Numbers

Complex Numbers Definition of i: i = v/—1, which means that 2 = —1.

v/—b = iv/b for positive real number b.

1. Simplify the following.

JoE —/ETE =50

2
el JH AT
=2J5t

2. When simplifying the product or quotient of an imaginary number, first simplify in terms of ¢, and then

perform the multiplication or division.

For Example, /=2 - /=18 = iv/2-3iv/2 = 3i% - (v2)? = 3(—1) - 2 = —6. Now you try these:

V=27 V=125
vV=-9-v-16 V=12 - /=50 =
V9 V45
=3Bixdi o 12(-1) bl x J3x4 x [2x95 , ;ug = b {2B+5
=-ll‘ =-lx2x EKFG_ & 43){5
= ~lo {_6'— - = %h
3. Powers of i:
1L Decomposed | Simplified formn i Decomposed Simplified form
form form
i 7 i i° i=14 i
i i1 -1 i° .t =1.-1 -1
i 2 i=—=11 —i i’ it =1 -4 —i
P i2-i2=—1--1 1 P i =1 1
Do you see the pattern? Use that pattern to simplify the following:
;13 426 443 o
<o . 20 :
- é » .l e '2 « 2= I L L
:.inxi.:.\éxllxl ‘-ZXL x L= lilx-‘f"! = ke TR R

=lxlx-|x'&=j_ﬂ—(

Definition of Complex Numbers: A complex number is a number of the form a + bi, where a and b are

real numbers, and i = /—1.

If b = 0, the complex nuinber is also a real number. If b # 0, it is an imaginary nunber. a + bi sfqd a—bi

are called complex conjugates.

Coenedoy Sambon

sesgee g
Nuwte s Mo Numben

Ratwnial Trratimal
Nuralwrs Numbxes
i -

T 7 emn N
2o W ud i2?

14 ! N\
i ] / ™ \ 1
. Whede Nn-;l.—-\\‘ 1 "
l \
“\
A
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4. Addition/Subtraction of complex numbers. (a + bi) £ (¢ + di) = (a = ¢) + (b £ d)i, in other words, like we
have been doing for like terms, add/subtract the real parts and add/subtract the imaginary parts, keeping

them separate. Try the following:

(2—1)+ (5+7i) -li-(-2+ %) (24 3i) = (1 = 4i) + (=2 + Ti)
- B g R B B Fd =D & B 445 4-F0
il = B‘f‘é)‘ “E —--"—i.'—
.:_:7“_:‘-6?' =(_-::_0)(+§2‘ sy +'|'L“"

5. Multiplication of complex numbers.

Gi(1 — 34) (2 = 104)(3 + 20) (4 + 5i)? (5 + 2i)(5 - 24)

. ; . -2
- 18(i)* = BT « Bl . Dai ™ 16 + 2502 4 24 (50 ) 25 ~lot + lot =4v
:éa,ﬁﬂ = Bl e =125 +Uol = 92544 =99

= ,_;_T,_;Z} = -9 4401 '

6. For division of complex numnbers, we multiply the munerator 'and denominator of the fraction by the complex
conjugate of the denominator. Try the following. Write your answer in a + &i forin.

2 (1-3i) —i (4+3i) T+8 , (4+2) i T
1+81 11=2¢) 4-3i @+3i) 4-32 ~ H+n) = L
T ; :
g - B 8.1 : = '.qi_-_a._.b__ IqL-#-l'ZL-FéLl _éi- L%
—_— s2=05l 2 6t 1§ 92 = T g " il
1 -9;2 ([ lo Hi43 R -i2
e B -
—_— = ‘I—m— = X143 - 2B-6+ 260 o =G bged
B A = T6+q ]
5 75 .
- 4 3 :‘2'2+')_6L__]]+|3,;
~ e i 20 N
25
T =M +-l-§l-
7. Simplify the following and write in a + bi form. lo 1o
B /TR B4 I = o .
8 N R é
1+ T ] - =1+ ifOx8 - g+ L2 |
=kl 3 e
< -1 4+ L3223 =3 + 502¢
¢ lo
-— l 1 —I 1 ]
sy=diepdd GZ{Z =~ + 4.;: L
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