Differential Equations
Dr. E. Jacobs

Today’s Topic : Imaginary Numbers
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Suppose m =1, 8 =0 and k = 4.
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Substitute y = e into y” + 4y = 0
r? 4+ 4 =0

r? = —4
r==+v—-4=22v—-1==22

What do e?*t and e~ 2* mean?



1 = v/ —1 is called an imaginary number




Suppose the coordinates of a vector are a
and b




Regard a + bi as an alternative notation for
a vector
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u=a-+b v=c+dt
ut+v=a+c+ (b+d)
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What does complex multiplication mean?

(14+4)(241) =24 1i + 2i +4°
=2+3i—1
=1+3i



Suppose the vector is a unit vector
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a = cost b=sinb
a -+ bi = cosf + isin 6



2 3 4

. X X X
e =1+x+ 5 +3! +Z+---
R R Ll
sinx:x—g—l—a—ﬁ—l—“-
Cosle—x—2+$—4—x—6—|—



e — 1140+

2 3 4

T X xr X

€ :1—|—£IZ—|—2—|—3!—|—Z—|—“'
IB $5 $7

SN =Ly o
$2 $4 $6

cosr=log gy e T

(10)*  (10)°  (i0)*
> T3 T




~
\V)
|
|
—_

~
|
~
.
I
|
N



=1
L
B 10 + (@'9)2
_|_
" 922 n (10)3
; 26)_3 § n (10)%
: ’ ﬁ 4!
4! * Y
° Z_
5

(i0)°
5|

_|_ .



(i9)°

_|_

(i0)°

_|_

(i0)*

(i0)°
5|

_|_ .



(i9)°

— cosf + 1sin 6

_|_

(i0)°

_|_

(i0)*

(i0)°
5|

_|_ .



Fuler’s Formula:

e — cosO + isin @

Replace 6 with —6

e % = cos(—0) + isin(—0) = cosf — isin6



e’ — cosO + isin 6 e "% — cosf — isin6

cosO+isinb




d2
Substitute y = "t into Eg + 4y =0

r? +4 =0 which implies that r = +2i
Yy = c1e" + cye 2t

This answer can be written in terms of sin 2t
and cos 2t



