
ECE 320
Energy Systems I

Session 5; Page 1/4
Fall 2003

1 Calculating Instantaneous Power

p�t� � v�t�i�t�

Where

v�t� �Vdc �
∞

∑
m�1

Vpk�mcos�mωt �αm�

and

i�t� � Idc �
∞

∑
n�1

ipk�ncos�nωt �βn�

The average power can then be calculated from:

Pave �
1
T

Z t�T

t
p�t�dt

�
1
T

Z t�T

t
VdcIdcdt �

1
T

Z t�T

t
Vdc

∞

∑
n�1

Ipk�ncos�nωt �βn�dt �

1
T

Z t�T

t
Idc

∞

∑
m�1

Vpk�mcos�mωt �αm�dt �

1
T

Z t�T

t

�
∞

∑
m�1

Vpk�mcos�mωt �αm�

��
∞

∑
n�1

Ipk�ncos�nωt �βn�

�
dt

� VdcIdc �

Vdc

T

∞

∑
n�1

Z t�T

t
Ipk�ncos�nωt �αn�dt �

Idc

T

∞

∑
m�1

Z t�T

t
Vpk�mcos�mωt �βm�dt �

∞

∑
m�1

∞

∑
n�1

1
T

Z t�T

t
Vpk�mcos�mωt �αm�Ipk�ncos�nωt �βn�dt
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We can use the results of section 1.1 on the next page to simplify the equation for Pave as follows:

Pave � VdcIdc �
∞

∑
m�1

∞

∑
n�1

1
T

Z t�T

t
Vpk�mcos�mωt �αm�Ipk�ncos�nωt �βn�dt

Then we can simplify the product term by using the results of section 1.2 on page 4:

Pave � VdcIdc �
∞

∑
m�1

1
T

Z t�T

t
Vpk�mcos�mωt �αm�Ipk�mcos�mωt �βm�dt

So :

Pave � VdcIdc �
∞

∑
m�1

Vrms�mIrms�mcos�αm �βm�
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1.1 Integration of Sinusoid Over One Period

Assume k �� 0

and T �
2π
ω

Z t�T

t
cos�kωt �ψ�dt �

sin�kωt �ψ�

kω
jt�T
t

�
sin�kω�t �T ��ψ�� sin�kωt �ψ�

kω

�
sin�kωt � kωT �ψ�� sin�kωt �ψ�

kω

�
sin�kωt � k2π�ψ�� sin�kωt �ψ�

kω

�
sin�kωt �ψ�� sin�kωt �ψ�

kω

� 0

Z t�T

t
cos�kωt �ψ� � 0
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1.2 Integrals of Products of Sinusoids

P�

ave �
1
T

Z t�T

t
Vpk�mcos�mωt �αm�Ipk�ncos�nωt �βn�dt

�
Vpk�mIpk�n

2T

Z t�T

t
cos ��m�n�ωt �αm �βn�dt �

Vpk�mIpk�n

2T

Z t�T

t
cos ��m�n�ωt �αm �βn�dt

�
Vrms�mIrms�n

T

Z t�T

t
cos ��m�n�ωt �αn �βn�dt �

Vrms�mIrms�n

T

Z t�T

t
cos ��m�n�ωt �αm �βn�dt

Case I� m �� n :

From section 1�1 P�

ave � 0�0

Case II� m � n :

P�

ave �
Vrms�mIrms�m

T

Z t�T

t
cos�αm�βm�� cos�2mωt �αm �βm�dt

�
Vrms�mIrms�m

T
cos�αm �βm�

Z t�T

t
dt

� Vrms�mIrms�mcos�αm�βm�


