8.5 DeMoivre'sTheorem

DeMoivre' s Theorem is used to raise complex numbers to integer powers.

DeMoivre's Theorem: If z=a+ bi isany complex number withtrigform r cisq and n isany
positive integer then the nt power of z is given by

z"=r"cisng = r"(cos ng + isinnq).

Find [2(cos 15° + i sin 15° )] ®. Writethe result in standard form.

Example:
[ 2(cos 15° + i sin 15° )] ® = (2cis 15° )©
= 25cis6(15°)
= 64 cis 90°
= 64(cos 90 +isn 90)
= 64(0+1*i)
= 64i.
Theorem:; If z=rcisq and n isapositiveinteger thenthereare n- distinct n'" roots of z
They are given by
2" =¥ [cis(q+k360)n], k=012..,nL
Example: Find the cuberootsof 27, in standard form and graph.

First write 27 intrigform.

27 = 27cisq = 27(cos 0 + isin0).
So that
2713 = 273 [cis (0 + 360k)/3] , k = 0,1,2.
If we denotetheroots as w | then
wo = 273 cis[ (0 + 360%0)/3] = 273 = 3 + Oi

wy = 2713 cis[0 + 360¢1)/3] , k=1
= 2713 ¢is (360/3)

3 cis 120°, ref angle is 60 °

3 (-cos60 + isin60)

= 3(-%+03i/2)

wy =273 cis [(0 + 360% 2)/3] , k=2
= 3 cis 720/3

3 cis (240°)

= -32 - 303i/2

Converting all realsto decimal form, we havetheroots w; ,w, and ws as
3 + 0i, -15 + 26i, and -15 - 26i




Example: Find therootsof theequation x3+ (1+i03) =0.

Recall any polynomial of degree three has three complex roots.

Now
X3+ (1+i03) =0 ——» x3=-(1+i03)
x =30-(1+i03)
-1-i03 e a=-1,b=-03r=01+3=2.
Soql QI
Theref.angle q‘ = tan"t&-03/-18é
= 60°

Thus g = 180 - 60 = 240.

Thus -1 - iO3 = 2 cis 240° sothat therootsare w, where k = 0,1, 2.

wo =23 cis [(240 + 360* 0)/3 ] = 213 is240/3 = 213 s 80°
wy = 23 cis[(240 + 360* 1)/3 ] = 213 ¢is600/3 = 213 cis 200°
w, = 23 cis[(240 + 360* 2)/3 ] = 213 is960/3 = 213 s 320°

HW.p518ff.  #1-13(odds), 15, 19, 22, 29.



