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Adding phasors
Two phasors, initially φφ out of phase, and after
rotating through θθ = ωωt

θ

θ

θ

P L U S
t ime=0,  θ=0

Later  t ime,  phase change = θφ

φ

Resultant - unit initial amplitudes

R2 2 1 cos φφ( )( ) (cosine formula)

Phase
φφ
2

Phasor1.mcd

ámM/[=2&4$%gtn¶E\/·>¾kj�?&?&MZ!3M:9>�89>Cs! 579cGE#X)>+$9>4$+�\
Á Ïn% Ð ¹ Ñ�Ò:ÓÝÔiÖZ×&Þ�â À Ù�ã3Ñ�ÒÛÞ@â À Ã}Ñ,äbÒÛÞ@â ÀOå Ú
Á »,¹70�9>+µÅÊºfÉ=»=Ç�Ï^%oÐ Ñ�Ò:ÓÕÔiÖZ×&Þ@â À ÙßÚ Ë

áX4$9>Fæ!3#&M/+657%�M:F�F6%@?&M*)i!3%�'ZVzM/?&%��L!$M/C²V{!3#&%¤)>F�G&':MZ!32&?&%u)>+(»>¹70@9=+µÅ°ºQÉ=»>Ç1PD)>�E?ç!3#&%G&#&)>+$%YÎè)>+�ºQÉ>»J\
é  X©f«ç��¯ß¡"¯ß®ß &¥���¯rêK©v &®°�
xI%60�)>�z2E+$%6!$#&%�G&#X)>+-9=4BG&M/0@!$2&4$%�!39u0�9=�E+$M:?E%�4Y5n#X),!d5nM:':'h#&)>G&GK%��z5n#&%@�z57%c)>?E?!$9=[=%@!$#&%�4W+-%@q=%@43)>'dM:?E%��L!3M/0�)>'o9>+$0�M/':':),!39=4�Vç+-M:[=�&)>':+@Po)>+WM:�ë|X[>2&4$%�tn¶E\Õ¶E\ÍtD#&%ì|&4$+-!GK9=M:�L!^!39(�E9>!3%.M/+^!$#X),!o5n#E%���!3#E%�4$%BM:+g�E9(G&#X)>+-%.?&MZeQ%@4$%��E0�%.lK%@! 57%�%@�ì!$#&%�FuPfMZCh5a%)>?E?Aí M:?E%��L!3M/0�)>'k+$M/[=�X)>'/+d57%c5nM:'/'y9=lE!O),M:�")u!39>!3)>'oî>ïgðKñÛò²óßôEõ;öY5n#&M:0O#AM/+.í !$M:F�%�+%�)>0O#ëM:�&?EM/q;M:?&2&)>'^)>F6GE':M/!$2&?&%,\�tD#E%çö1÷Qö1øÊù>úiPU!3#E9=2&[=#¨PD5n#&M/0O#ûM:+6G&4$9>Gf9=4�!3M/9=�X)>'D!39

àv¶_N�»



Addition of Phasors

A

φφψψ
a

a
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Addition of N 50=  vectors with relative phase φ 0=  deg
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Addition of N 50=  vectors with relative phase φ 1=  deg
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Addition of N 50=  vectors with relative phase φ 2=  deg
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Addition of N 50=  vectors with relative phase φ 10=  deg
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Addition of N 500=  vectors with relative phase φ 10=  deg

500 400 300 200 100 0 100 200 300 400 500
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Beats
t 9.9 9.8, 9.9..

sin t π.( )

sin 1.3 t. π.( ) 2

sin t π.( ) sin 1.3 t. π.( ) 6

2 cos 0.15 t. π.( ). 6

2 cos 0.15 t. π.( ). 6

2 sin 1.15 t. π.( ). cos 0.15 t. π.( ). 9

t
10 5 0 5 10

2

0

2

4

6

8

10

12

sin t π.( ) sin 1.3 t. π.( )

1 cos 0.3 t. π.( )

t
10 5 0 5 10

0

0.5

1

1.5

2

Two equal-amplitude sinusoids combine to give a resultant which is a 
product of a carrier and an envelope. The frequencies of these  are the 
half-sum and half-difference of the original frequencies. 
  The beat frequency, the frequency at which the amplitude varies, is the 
difference between the original frequencies.
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Beats
t 9.9 9.8, 9.9..

sin t π.( )

sin 1.3 t. π.( ) 2

sin t π.( ) sin 1.3 t. π.( ) 6

2 cos 0.15 t. π.( ). 6

2 cos 0.15 t. π.( ). 6

2 sin 1.15 t. π.( ). cos 0.15 t. π.( ). 9

t
10 5 0 5 10

2

0

2

4

6

8

10

12

sin t π.( ) sin 1.3 t. π.( )

1 cos 0.3 t. π.( )

t
10 5 0 5 10

0

0.5

1

1.5

2

Two equal-amplitude sinusoids combine to give a resultant which is a 
product of a carrier and an envelope. The frequencies of these  are the 
half-sum and half-difference of the original frequencies. 
  The beat frequency, the frequency at which the amplitude varies, is the 
difference between the original frequencies.
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b

a

R

φφψψ θθ

ψ−φ
ψ−φ

b

R2 a2 b2 2 a.. b.. cos ππ ψψ φφ( )( )..

tan θθ( )
a sin φφ( ).. b sin ψψ( )..

a cos φφ( ).. b cos ψψ( )..
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