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Abstract – The present paper describes analysis of the 
instantaneous power dissipated by active elements in class B 
push-pull amplifier stage. Both situations of operating with 
resistive and complex load impedance are treated. The 
simulation results that confirm the theoretical formulation are 
given using OrCAD PSpice. 
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I. INTRODUCTION 

The study of power parameters and characteristics of the 
power amplifier stages is a major task in the analysis and 
design of amplifiers. In this paper, because of the restriction 
volume the focus is primarily on the instantaneous power 
dissipated by the active elements in amplifiers operating in 
class B with complex load impedance. 

II. ANALYSIS 

The functional circuit of the power amplifier stage working 
in class B with bipolar transistors is given in Fig. 1. 
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Fig.1. Functional circuit of the power amplifier stage working in 

class B 
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The output voltage and current of the amplifier when 
sinusoidal signal is applied can be described as [1]: 
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where: Uout m – amplitude of the output voltage, V; 
            ZL – impedance of the load, Ω; 
            Т – period of the signal, s. 

For the time 0 ≤ t ≤ T/2, works the transistor that is 
connected to a positive voltage supply rail ccU  , and the 

voltage drop on transistor is CE cc out u U -u . Similarly for the 

time Т/2 ≤ t ≤ T, works the lower arm and the voltage drop on 

the transistor working in it is -
CE cc out out ccu U -u u U    . 

Usually cc cc ccU U U    [1]. 

Instantaneous power dissipation with resistive load 
The power dissipated by each transistor can be represented 

as a product between the voltage drop CEu  and the current 

through it C outi i . Thus for the instantaneous power 

dissipated by transistors with resistive load is obtained the 
expression [1], [2]: 
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If the coefficient of effective use of supply voltage is assumed 

to be out m

cc

U
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   [3], the latter expression can be written as: 
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Instantaneous power dissipation with complex load  
A complex load means load that has impedance, composed 

of resistance and reactive (reactance) capacitive (capacitance) 
or inductive (inductance) component, according [4]: 
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Further in this paper will be assumed .LZ const  

If the phase shift between current Ci  and voltage CEu  is 

denoted as φ, then from Eqs. (3) and (5) for the instantaneous 
power dissipation with complex load can be recorded: 
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Fig. 2 presents an analysis of the expression for ξ = 1 and 
different load phase angles φ. It can be seen that the peak of 
PD(inst) could be about 6,4 times more than average power 
dissipation when resistive load is applied to the amplifier. 
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Fig. 2. Instantaneous power dissipation PD(inst) for ξ = 1 as a function 

of phase shift φ, with complex load 
  

Fig. 3 presents the analysis of Eq. (8) for phase shift angle 
φ = 90 ° and different values of  ξ. 

The instantaneous power dissipation when resistive load is 
applied, i.e. when phase shift φ = 0°, is shown in Fig. 4 as a 
function of the coefficient ξ. It can be noted, that the peak of 
PD(inst) in that case is about 1,23 times more than the average 
power dissipated by active elements. 

The instantaneous power is rated to a maximum average 
power dissipation of both active devices for resistive load 
PDmax. The last one can be described when ξ = 2/π, as [1], [5] 
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In Fig. 5 and Fig. 6 the peak instantaneous power 

dissipation PD(inst)peak as a function of the coefficient ξ, with 
parameter phase shift angle φ is presented. 
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Fig. 3. Instantaneous power dissipation PD(inst) for φ = 90° as a 

function of the coefficient ξ when reactive (inductive) load is applied 
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Fig. 4. Instantaneous power dissipation PD(inst) for φ = 0° as a 

function of the coefficient ξ when resistive load is applied 
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Fig. 5. Peak instantaneous power dissipation PD(inst)peak as a function 

of the coefficient ξ, and parameter phase shift φ (3D expression) 



541 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

1

2

3

4

5

6

7



P
D

(i
ns

t)
pe

ak
/P

D
m

ax

PD(inst)peak/PDmax vs.  for different load phase angles 

 = 0 
 = 10 
 = 20 
 = 30 
 = 40 
 = 50 
 = 60 
 = 70 
 = 80 
 = 90 

 
Fig. 6. Peak instantaneous power dissipation PD(inst)peak as a function 

of the coefficient ξ, and parameter phase shift φ 

 
It can be seen (Fig. 2) that the absolute maximum value 

PD(inst)peak max, which can reach the instantaneous peak power 
dissipation with phase shift angle φ is obtained when the full 
phase of the signal is: 
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if the current anticipates the voltage, i.e. the voltage lags the 
current (capacitive load) † and: 
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if the current lags the voltage (inductive load)† and can be 
found if substituting the value for α obtained by Eqs. (10) and 
(11) in Eq. (8). Derived expressions do not match those in [2]. 
Such an analysis is made in [3], where the resulting 
expression is essentially different from Eqs. (10) and (11), but 
gives an equivalent result. 

The dependence given with Eqs. (10) and (11) is presented 
graphically in Fig. 7 again rated to PDmax. The problem has 
been solved with the use of numerical methods and the 
graphical form is identical to that obtained from the analytic 
solution so that demonstrates the consistency of the displayed 
dependence. The same result is shown in [2]. 
 
† The starting point (α = 0) is the point at which current passes 
through it’s zero value. 
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Fig. 7. Absolute maximum value of PD(inst)peak max, as function of 

phase shift φ 

III. COMPUTER SIMULATIONS 

At the following figures are shown the computer 
simulations made with OrCAD PSpice 9.1 (Cadence Design 
Systems). The Transient analysis in the time domain of the 
load voltage, the current through one of transistors and it’s 
instantaneous power dissipation as product between collector 
current and collector-emitter voltage drop are presented. All 
simulations were carried out with coefficient ξ = 1. Similar 
results are shown in [6]. 

Fig. 8 shows the test circuit for simulation of instantaneous 
power dissipation with a resistive load RL = 8 Ω. Fig. 9 shows 
the results from the simulation (transient analysis), in the time 
domain. 

From Fig. 9, PD(inst)peak = 7 W when PDmax = 5,7 W, i.е. 

( ) 1, 23D inst peak

Dmax

P
P

 , in agreement with Eq. (5) and Fig. 6. 

 

0

Vin

FREQ = 1kHz
VAMPL = 15V
VOFF = 0V V-

I

V1

15Vdc
Q1

BD243C

Q2
BD244C

0

RL

8
V

V+

V2

15Vdc

 
Fig. 8. Test circuit for simulation of the instantaneous power 

dissipation when a resistive load is applied 
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Fig. 9. Signals in the time domain for the simulated circuit in Fig. 8 

 
Fig. 10 shows the simulation circuit for instantaneous 

power dissipation in case of a complex load 
8 90LZ    Ω. Fig. 11 shows the results from simulation. 

From Fig. 11, PD(inst)peak ≈ 37 W when PDmax = 5,7 W, i.e. 

( ) 6,5D inst peak

Dmax

P
P

 , in agreement with Eqs. (11), (8) and Fig. 6. 
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Fig. 10. Test circuit for simulation of the instantaneous power 

dissipation when a complex load (reactance) is applied 
 

 
Fig. 11.  Signals  in  the  time  domain for the simulated circuit in 

Fig. 10 
 
 

 

 

 

IV. CONCLUSION 

An examination of the instantaneous power dissipation by 
the active elements in Class B amplifiers with a complex load 
is presented. The affected subject is of particular importance 
for the design and analysis of power amplifiers, especially in 
the low-frequency applications. The statement concerns the 
work of all active components, no matter the type – integrated 
or discrete, solid state or vacuum. Conducted computer 
simulations demonstrate unequivocally the reliability of the 
theoretical formulation. In the statement Eqs. (5) and (8) and 
Figs. 3, 5 and 6 are originally presented, and Eqs. (10) and 
(11) are original contribution.  

This work can serve the design and improvement of 
amplifier equipment, and theoretical analysis of amplifiers.  

Consideration of the theme will continue with finding the 
necessary power parameters that are required to have active 
components operating in the class B amplifiers, with a 
complex load. 

ACKNOWLEDGEMENT 

This paper was developed in the frames of a scientific 
research project “Мulti-dimensional Computer Аnalysis in 
Communications”, sponsored by Ministry of Education, 
Youth and Science, Bulgaria, 2011. 

REFERENCES 

[1] W. Marshall Leach, Jr., Introduction to Electroacoustics and 
Audio Amplifier Design, Dubuque, Iowa, Kendall/Hunt 
Publishing, 2003. 

[2] E. Benjamin, “Audio Power Amplifiers for Loudspeaker Loads, 
Journal of the Audio Engineering Society”, Vol. 42, No. 9, pp. 
670 - 683, Sept., 1994. 

[3] E. S. Sirakov, “Instantaneous and Average Output Dissipated by 
an Output Stage Operating in Class AB”, ICEST 2002 
Conference Proceedings, pp. 93-96, Nis, Serbia & Montenegro, 
2002. 

[4] R. L. Boylestad, Introductory Circuit Analysis, Upper Saddle 
River, New Jersey, Prentice Hall, 2010. 

[5] A. Sedra, K. Smith, Microelectronic Circuits, Oxford, Oxford 
University Press, 2004. 

[6] D. Self, Audio Power Amplifier Design Handbook, Oxford, 
Focal Press, 2009. 

 
 

 

0 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms
V(Q1:c,Q2:e) * IC(Q1) IC(Q1) V(Q2:e)

-2W 

0W

2W 

4W 

6W 

8W P
o
w
e
r

-0.4A 

0A 

0.4A 

0.8A 

1.2A 

1.6A 

2.0A C 
u
r
r
e 
n
t

-15V 

-10V 

-5V 

0V 

5V 

10V 

15V V 
o 
l
t
a
g 
e

Time 

1.0000s 1.0005s 1.0010s 1.0015s 1.0020s 1.0025s 
V(Q1:c,Q1:e) * IC(Q1) IC(Q1) V(Q1:e) 

-10W 

0W 

10W 

20W 

30W 

40W P 
o 
w 
e
r

-0.4A 

0A 

0.4A 

0.8A 

1.2A 

1.6A 

2A C
u
r
r
e
n
t

-20V 

-10V 

0V 

10V 
 

V 
o
l
t
a
g 
e

20V 

1.0030s 

Time 


