
=
=

1.4 Complex Numbers 
=
k~íìê~ä=åìãÄÉêW=å=
fã~Öáå~êó=ìåáíW=á=
`çãéäÉñ=åìãÄÉêW=ò=
oÉ~ä=é~êíW=~I=Å=
fã~Öáå~êó=é~êíW=ÄáI=Çá=
jçÇìäìë=çÑ=~=ÅçãéäÉñ=åìãÄÉêW=êI= Nê I= Oê =
^êÖìãÉåí=çÑ=~=ÅçãéäÉñ=åìãÄÉêW=ϕ I= Nϕ I= Oϕ =

=
=

ááN = = ááR = = áá NåQ =+ =
NáO −= = NáS −= = Ná OåQ −=+ =
ááP −= = ááT −= = áá PåQ −=+ =

46. 

NáQ = = NáU = = Ná åQ = =
=
47. Äá~ò += =
=
48. `çãéäÉñ=mä~åÉ=

=

===== =
=

Figure 6. 
=

49. ( )~ + Äá + (Å + Çá)= (~ + Å)+ (Ä+ Ç)á =
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52. á
ÇÅ

~ÇÄÅ

ÇÅ

ÄÇ~Å

ÇáÅ

Äá~
OOOO
⋅

+
−

+
+
+

=
+
+

=

=
53. `çåàìÖ~íÉ=`çãéäÉñ=kìãÄÉêë=

Äá~Äá~
|||||||

−=+ =
=
54. ϕ= Åçëê~ I= ϕ= ëáåêÄ ==

=

=
50. ( )~ + Äá − (Å + Çá)= (~ − Å)+ (Ä−Ç)á =
=
51. ( )~ + Äá (Å + Çá)= (~Å − ÄÇ)+ (~Ç + ÄÅ)á =
=

=
=

Figure 7. 
=

55. mçä~ê=mêÉëÉåí~íáçå=çÑ=`çãéäÉñ=kìãÄÉêë=
~ + Äá = ê( )Åçëϕ+ á ëáåϕ =

=
56. jçÇìäìë=~åÇ=^êÖìãÉåí=çÑ=~=`çãéäÉñ=kìãÄÉê=

fÑ= ~ + Äá =áë=~=ÅçãéäÉñ=åìãÄÉêI=íÜÉå=

ê = ~O + ÄO =EãçÇìäìëFI==

~

Ä
ϕ = ~êÅí~å =E~êÖìãÉåíFK=
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=
57. mêçÇìÅí=áå=mçä~ê=oÉéêÉëÉåí~íáçå=

( ) ( )OOONNNON ëáåáÅçëêëáåáÅçëêòò ϕ+ϕ⋅ϕ+ϕ=⋅ =
( ) ( )[ ]ONONON ëáåáÅçëêê ϕ+ϕ+ϕ+ϕ= =

=
58. `çåàìÖ~íÉ=kìãÄÉêë=áå=mçä~ê=oÉéêÉëÉåí~íáçå=

( ) ( ) ( )[ ]ϕ−+ϕ−=ϕ+ϕ ëáåáÅçëêëáåáÅçëê
|||||||||||||||||||||

=
=
59. fåîÉêëÉ=çÑ=~=`çãéäÉñ=kìãÄÉê=áå=mçä~ê=oÉéêÉëÉåí~íáçå=

( ) ( ) ( )[ ]ϕ−+ϕ−=
ϕ+ϕ

ëáåáÅçë
ê

N

ëáåáÅçëê

N
=

60. nìçíáÉåí=áå=mçä~ê=oÉéêÉëÉåí~íáçå=
( )
( ) ( ) ( )[ ]N O N O

O

N

O O O

N N N

O

N Åçë áëáå
ê

ê

ê Åçë áëáå

ê Åçë áëáå

ò

ò
= ϕ −ϕ + ϕ −ϕ

ϕ + ϕ
ϕ + ϕ

= =

=
61. mçïÉê=çÑ=~=`çãéäÉñ=kìãÄÉê=

( )ò = [ ]ê Åçëϕ+ á ëáåϕ = êå[Åçë(åϕ)+ á ëáå(åϕ)]åå =
=
62. cçêãìä~=±aÉ=jçáîêÉ≤=

( )Åçëϕ+ á ëáåϕ å = Åçë(åϕ)+ á ëáå(åϕ) =
=
63. kíÜ=oççí=çÑ=~=`çãéäÉñ=kìãÄÉê=

( ) 





 ϕ+ π

+
ϕ+ π

= ϕ+ ϕ =
å

O â
áëáå

å

O â
ò ê Åçë áëáå å ê Åçëåå I==

ïÜÉêÉ==
â = MINI OIKI å −NK==

=
64. bìäÉê∞ë=cçêãìä~=

Éáñ = Åçë ñ + á ëáå ñ =
=
=
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