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Abstract—Circuital sinusoidal steady-state analysis is the 

important content in such curriculums as Circuital Analysis 

and Signals and Systems.It is the essential knowledge for 

college students majoring in electric, signals and procession of 

signals, communication, etc.Studying the usage of time-domain 

method or complex frequency domain method, this paper uses 

such numerical computing method as solving differential 

equations or algebra equations to explore an approach that can 

analyse the sinusoidal steady response with the use of 

numerical computing function of MATLAB software and 

modeling simulation function. 

Keywords—time domain;s domain;MATLAB;sinusoidal 

steady response 

I. INTRODUCTION 

The solution methods of Circuital sinusoidal steady-state 
response introduced in two ways in the course of circuit 
analysis, one is to establish the mathematical model of input 
- output - differential equation, With the help of the phasor 
method, we transform the differential equation into the 
algebraic equation, then solution the steady- state response 
phase, thereby solving the steady-state response.The other is 
phasor model method, the circuit model is transformed into a 
phasor model, we can get  the steady state response by the 
phasor model. In signal and system course introduces three 

methods, There are the time domain method、 the frequency 

domain method and the complex frequency domain method. 

The phasor method and the frequency domain method、the 

phasor model method and the complex frequency domain`s S 
domain model method have similar principle[1] [2]. 

As a kind of science and engineering calculation software, 
MATLAB software  has powerful numerical calculation 
function, visual graphics, professional symbolic computation 
and visualization modeling simulation function, using 
MATLAB to solve circuit steady-state response, we can be 
freed from the cumbersome manual operation and derivation 
of the mathematical, because of MATLAB`s vivid visual 
graphics and interactive visualization modeling and 
simulation, the difficulty of solving.is reduced very well. 
This paper use figure 1 sinusoidal circuit as example, the 
switch is from 1 to 2 at t=0, with us(t) is excitation, i(t) is 
response, from establishing the circuit`s input - output math 
model, to solutioning the steady-state response, it  discusses 
its time domain, S domain, MATLAB programming and 
simulation method[3] [5].  

 
Figure 1.  Curve: Sinusoidal Circuit 

II. ESTABLISHING CIRCUIT`S INPUT-OUTPUT RELATION 

MATHEMATICAL MODEL 

A. Establishing differential equation  on time domain 

method 

According to the circuit we can list the following 
equations: 

                         (1) 

After using elimination method eliminate uc(t) and il(t), 
we can get:  

 

We substitute the circuit parameter to the above formula: 

 

The equation is the circuit input-output description 

method mathematical model- differential equation。 
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B. Establishing differential equation on transform 

domain (s domain) method 

The first,we must establish circuit`s s domain model, for 
the circuit`s steady state response is forced response of zero 
state response of complete response, so we only need to 
establish circuit`s s domain model in zero state, shown in 
figure 2. 

 
Figure 2.  Circuit’ s s domain model in zero state

 

Eliminate )(sIc
 and )(sI l

，we substitute the circuit 

parameter to the above formula: 

  

So system function: 

                                                   
According to the system function and the system 

mathematical model of differential equations,We can derive 
mathematical model of circuit`s input - output description 
method-differential equation: 

  

III. SOLVING THE CIRCUIT`S STEADY-STATE RESPONSE  

A. The time domain method 

After establishing the mathematical model, the problem 
that solving the circuit`s steady-state response is turned into 
the problem that solving the special solution of the 

differential equation in the zero state conditions and t≥0. 

Substitute us(t) to formula,we can get: 

           (8)         

we can set special solution for: 

 

substitute to the above formula: 

 

we can get: 

                                                         (11) 
solution for:  

 
so we can solve the special solution: 

                                 (12) 

The circuit`s steady-state response: 

 

B. The transform domain (s domain) method 

Transform domain method is based on the system 
function, to find out the zero state response, then to separate 
the steady-state response from it; or Transform domain 
method is based on the circuit`s differential equations,by The 
Laplace transform of differential equation in zero state we 
can solve Laplasse transform of zero state response, then 
separated the steady state response from among[4]. 

       (14) 

So the Laplasse transform of steady state response is: 

 

The circuit`s steady-state response: 

 

C. The method of steady state response based on 

MATLAB 

The algorithm of  the steady-state response based on 
MATLAB is also very rich, this paper will introduce the 
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programming method and simulink graphical method.Before 
the two solutions are applied,we must use ss2tf function of 
MATLAB signal processing box to change the state space 
model that obtained by equations(1) into transfer function 
model, so we determine the system function, or differential 
equations. 

Plug the data into  equations(1) and transform it into: 

 

 

Equations(18) is the state space model, Call file lyy1, the 
state space model is converted into a transfer function model. 

%lyy1 the state space model is converted into a transfer 
function model 

A=[-1,-1;4,-6]; B=[1;0]; C=[-1,0]; D=[1]; 
[b,a]=ss2tf(A,B,C,D) 

Result： 

b =1.0000    6.0000    4.0000 
a =1     7    10 
So we can conclude Circuit’s system function and 

mathematical model : 

 

    (20) 

1) The programming method based on MATLAB 
The programming method based on MATLAB  is various, 

this paper introduces two methods, one is using the circuit `s 
zero state response waveform, observe the amplitude of 
steady-state portion and the time interval of Adjacent the 
steady-state response and Excitation Peak value, determine 
the steady state response. The other is According to the 
definition of the system frequency response :the system`s 
input is a sinusoidal signal, the steady-state response is the 
same frequency sinusoidal signal, the amplitude is the 

Product of the input signal 's amplitude and the frequency 
response's amplitude in the input signal`s frequency, the 
phase is  the and of the input signal 's phase and the system 
frequency response's phase in the input signal`s 
frequency.By programming to solve the frequency 
response,we can get the amplitude and phase in the input 
signal`s frequency, to determine the steady state response[6]. 

%lyy1 solve the circuit `s zero state response to 
determine the steady state response 

b=[1 6 4]; a=[1 7 10];  
sys=tf(b,a); p=0.001;t=0:p:10; 
f=4*cos(2*t); lsim(sys,f,t); axis([0 10 -6 6]);grid 
Result(figure 3): 

 

Figure 3.  Circuit’ s response in zero state 

Figure 3 is the input and output waveform, From the 
output waveform ,we know the amplitude is 3.15,The output 
phase dvance input signal 2 ( 6.29-6.09) rad / s, This is 0.40 
rad /s,So the circuit`s steady-state respnse: 

 

%lyy2 applicate freqs function to solve frequency 
response and mapping to determine the steady state response 

b=[1 6 4]; a=[1 7 10]; 
w=0:0.1:4;H=freqs(b,a,w);  
HM=abs(H)  
 HP=angle(H) 
subplot(221); plot(w,HM); 
xlabel('Frequency(rad/s)');  
ylabel('Magnitude'); 
axis([0 4 0.2 1]); grid on; 
subplot(222); plot(w,HP*180/pi); 
xlabel('Frequency(rad/s)'); 
 ylabel('Phase(degrees)'); 
axis([0 4 0 30]); grid on;  %End 
Result: ( the underlined part is frequency response`s 

amplitude and phase in 2rad / s ) 
HM = 
  Columns 13 through 18  
    0.6372    0.6601    0.6819    0.7026    0.7220    0.7402 
  Columns 19 through 24  
    0.7572    0.7731    0.7878    0.8016    0.8144    0.8262 
HP =    
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  Columns 13 through 18  
    0.4532    0.4521    0.4488    0.4438    0.4375    0.4302 
  Columns 19 through 24  
    0.4222    0.4137    0.4049    0.3959    0.3869    0.3778 

 
Figure 4.  Circuit’ s amplitude spectrum and phase spectrum 

The numerical solutions available from frequency 

response， the circuit`s steady-state response： 

                                       (22)  

From figure 4 the frequency response`s amplitude 
spectrum and phase spectrum,we can get the circuit`s steady-
state response:   

 

2) The simulation method based on MATLAB  
Figure 5 is a block diagram of system simulation, the 

above of figure 6 is the input signal waveform, the below of 
figure 6 is the output signal waveform. by amplifying the 
output waveform, we get the last amplitude of the output 
signal waveform is 3.09, and we measured the moments that 
two waveforms cross the horizontal axis finally a rising 
process are about 18.83s and 18.62s, the Output phase 
Advances the input phase about 0.42rad / s, Angle is about 
24 degrees. So the circuit`s steady-state response: 

                                                  (24) 

 
Figure 5.  Circuit’ s simulation block diagram 

 
Figure 6.  The input and output waveforms of simulation system 

IV. CONCLUSIONS 

Sinusoidal steady-state analysis is important content in 
circuit analysis and signal and system course, it is the 
knowledge points that the electronic, signal processing and 
communication professionals`s students must master. What 
this paper summarizes are not all methods, but it should be 
expressed the basic concepts and methods of analysis of 
sinusoidal steady state analysis. I don't think that way is 
better, I  think that in the engineering application software 
analysis method is better. But to undergraduate students, they 
must master the simple system`s manual analysis processhe 

of the time domain、s domain analysis method, through this 

process, they can understand the principles truly. In addition 
to the above analysis method, we also can be directly to 
simulation circuit in the MATLAB Simulink environment. 

With new technology、 new software`s emerge in large 

numbers, we must continuous exploration to discover more 
and better methods. 
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