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第  

1 

章 
 

1.1  重点与难点 

1.1.1  信号与信号处理 

1. 信号 

 

2. 信号处理 

ASP

DSP  

1.1.2  序列与基本运算 

1. 常用典型序列及波形图 
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2. 序列的基本运算 
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( )y n ( )x n m m n

m  

( ) ( / )y n x n m  

( )y n ( )x n 1m  n m  



 

- 004 - 

1.1.3  离散时间系统 

1. 离散时间系统 

( ) [ ( )]y n T x n  

2. 非时变离散系统 
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4. 卷积 

1 2 1 2 2 1 2 1
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

m m

x n x n x m x n m x m x n m x n x n
 

 

         

1  

1.1.1  

1.1.1   

 1
( )x n  

2
( )x n  

1 2
( ) ( )x n x n  

1 ( )n  ( )x n  ( )x n  

2 ( )u n  ( ) ( )x n u n  
0

( )
n

m

x m


  

3 ( )
n

a u n  ( )u n  
1

1
( )

1

n
a

u n
a





 

4 ( )u n  ( )u n  ( 1) ( )n u n  

5 ( )
n

a u n  ( )
n

a u n  ( 1) ( )
n

n a u n  

6 ( )
n

a u n  ( )nu n  
2

( 1)
( )

1 (1 )

n
n a a

u n
a a

 
 

  
 

7 1
( )

n
a u n  

2
( )

n
a u n  

1 1

1 2

1 2

( )

n n
a a

u n
a a

  
 

 
 

2  

1
1
( )x n

2
( )x n

3
( )x n  

 



 

- 005 - 

1 2 1 2

2 1 2 1

( ) ( ) ( ) ( )

( ) ( ) ( ) * ( )

m

m

x n x n x m x n m

x m x n m x n x n









  

  





 

 

1 2 3 1 2 1 3
( ) [ ( ) ( )] ( ) ( ) ( ) ( )x n x n x n x n x n x n x n       

 

1 2 3 1 2 3 2 1 3
( ) ( ) ( ) ( ) [ ( ) ( )] ( ) [ ( ) ( )]x n x n x n x n x n x n x n x n x n         

2 ( )n  

( ) ( ) ( )n x n x n    

( ) ( ) ( )n m x n x n m      

3 ( )u n  

0

( ) ( ) ( )
n

m

u n x n x m


   

4  
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( ) ( ) ( ) ( ) ( )y n m x n m x n x n x n m        

1 2 1 1 2 2
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5. 常系数线性差分方程 
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6. 系统的稳定性 
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7. 系统的因果性 
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8. 因果稳定系统 
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1.1.4  连续时间信号的取样与重建 

1. 时域采样 

a
ˆ ( )x t

a
( )x t ( )p t

 

a a
ˆ ( ) ( ) ( )x t x t p t   

1
a
ˆ ( )x t

a
ˆ ( j )X   

a a
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2. 信号重建 
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1.2  习题解答 

1. 
4
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( 1) ( 1)x n R n   1.2.1 a  
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a                                  b  
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5.  

1 ( ) 3 ( ) 2y n x n   2 ( ) 3 ( ) 2 ( 1)y n x n x n    3 ( ) 3 ( )y n x n  ； 

4 2
( ) 2 ( )y n x n  5

2
( ) ( )y n x n 6 ( ) ( )sin( )y n x n n  
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( ) [ ( )]y n x n  

1
1 1 2 2
( ) 3 ( ) 2, ( ) 3 ( ) 2y n x n y n x n       

1 2 1 2 1 2
( ) 3[ ( ) ( )] + 2 ( ) + ( ) = 3[ ( ) ( )] 4y n x n x n y n y n x n x n        

 

( ) 3 ( ) 2, [ ( )] 3 ( ) 2y n k x n k T x n k x n k           
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( ) [ ( )]y n k T x n k    

 

2
0

( )x n n  

0 0
( ) 3 ( ) + 2 ( 1)y n x n n x n n       

                     
0 0 0

( ) = 3 ( ) + 2 ( 1) ( )y n n x n n x n n y n       

 

1 2

1 2 1 2

1 1 1

2 2 2

( ) [ ( ) + ( )]

3[ ( ) + ( )] + 2[ ( 1) + ( 1)]

[ ( )] 3 ( ) + 2 ( 1)

[ ( )] 3 ( ) + 2 ( 1)

y n T ax n bx n

ax n bx n ax n bx n

T ax n ax n ax n

T bx n bx n bx n



   

  

  

 

 

1 2 1 2
[ ( ) + ( )]= [ ( )] + [ ( )]T ax n bx n aT x n bT x n  

 

3
0

( )x n n  

0
( ) = 3 ( )y n x n n    

                          
0 0

( ) = 3 ( ) ( )y n n x n n y n     

 

1 2 1 2

1 2

[ ( ) + ( )] = 3 ( ) + 3 ( )

                            = [ ( )] + [ ( )]

T ax n bx n ax n bx n

aT x n bT x n

 
 

 

4
0

( )x n n  

2

0
( ) 2 (( ) )y n x n n     

                        2

0 0
( ) 2 (( ) ) ( )y n n x n n y n      

 

2 2

1 2 1 2

1 2

[ ( ) + ( )] 2 ( ) 2 ( )

                             [ ( )] + [ ( )]

T ax n bx n ax n bx n

aT x n bT x n

  


 

 

5
2

1 1
[ ( )] [ ( )]T x n x n

2

2 2
[ ( )] [ ( )]T x n x n  

2 2 2

1 2 1 2 1 2 1 2 1 2
[ ( ) ( )] ( ) ( ) = ( ) + ( ) 2 ( ) ( ) [ ( )]+ [ ( )]T x n x n x n x n x n x n x n x n T x n T x n      

 

2
[ ( )] [ ( )]T x n m x n m  

2
( ) [ ( )]y n m x n m    

 

6
0

( )x n n  

0
( ) = ( )sin( )y n x n n n   

                     
0 0 0

( ) = ( )sin[ ( )] ( )y n n x n n n n y n      
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1 2 1 2

1 2

[ ( ) + ( )] = ( )sin( ) + ( )sin( )
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2

0
( ) = [ ( )]y n x n n   
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                          2

0 0
( ) = [ ( )] ( )y n n x n n y n    

 

2

1 2 1 2

2 2

1 2 1 2

1 2 1 2

[ ( ) + ( )] = [ ( ) + ( )]

                             = [ ( )] [ ( )] 2 ( ) ( )

[ ( ) + ( )] ( ) + ( )

T ax n bx n ax n bx n

ax n bx n abx n x n
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0
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3
0

[ ( )] ( )T x n x n n  4 ( )
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x n
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1  

1 2 1 2 1 2 1 2
[ ( ) ( )] ( )[ ( ) ( )] ( ) ( ) ( ) ( ) [ ( )] [ ( )]T ax n bx n g n ax n bx n g n ax n g n bx n aT x n bT x n          

 

[ ( )] ( ) ( ) ( ) ( ) ( )T x n m g n x n m y n m g n m x n m      ，  

                         [ ( )] ( )T x n m y n m    

 

 

( )x n ( )x n M  ≤ [ ( )] ( )T x n g n M≤  
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( )g n    

2
0 0 0

1 2 1 2 1 2 1 2
[ ( ) ( )] [ ( ) ( )] ( ) ( ) [ ( )] [ ( )]

n n n

k n k n k n

T ax n bx n ax k bx k ax k bx k aT x n bT x n
  

          

 

0 0 0

[ ( )] ( ) ( ), ( ) ( )
n n m n m

k n k n m k n

T x n m x k m x k y n m x k
 

   

         

                            [ ( )] ( )T x n m y n m    

 

0
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0
n n

 

( )x n M  ≤  0

0 0

[ ( )] ( ) ( ) 1 , , [ ( )]
n n

k k

T x n x k x k n n M n T x n
 

       ≤ ≤ 当

 

3
1 2 1 0 2 0 1 2

[ ( ) ( )] ( ) ( ) [ ( )] [ ( )]T ax n bx n ax n n bx n n aT x n bT x n         

 

0 0
[ ( )] ( ) ( ) ( )T x n m x n n m y n m x n n m       ，  
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n0>0 n n  

| ( )|x n M≤ | ( )|y n M≤  

4  1 2 1 2 1 2
( ) ( ) ( ) ( ) ( ) ( )

1 2 1 2
[ ( ) ( )] e =e e [ ( )]+ [ ( )] e e
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0
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n n

h n
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2
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1 π
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1
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8.  

1 ( ) ( )* ( )y n u n u n  
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1 2 1 2

( ) *[ ( ) * ( )] [ ( ) * ( )]* ( )x n h n h n x n h n h n  

3
1 2 1 2

( )*[ ( ) ( )] ( )* ( ) ( )* ( )x n h n h n x n h n x n h n    

1  

( ) * ( ) ( ) ( )
m

x n y n x m y n m
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12.  

1 1
( ) ( 1) ( ) ( 1)

2 2
y n y n x n x n      

 

( ) ( )x n n  

1 1
( ) ( 1) ( ) ( 1)

2 2
h n h n n n       
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1 1
(0) ( 1) (0) ( 1) 1

2 2
h h         

1n   

1 1 1 1
(1) (0) (1) (0) 1

2 2 2 2
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1 1
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2 2
h h   
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2
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13.  

1 1
( ) ( 1) ( ) ( 1)

2 2
y n y n x n x n      
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( ) ( ) 0( 0)y n h n n    

1 1
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(1) (0) (1) (0) 1
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2 ( ) ( ) ( )y n x n h n  

1 1

j j j

j j ( 1)
( 1)

j ( ) j j j

j1

j ( 1)

1 1
( 1) ( ) e ( ) ( 1) e ( ) e ( )

2 2

1 1 1
e e

1 2 2 2
e ( 1) e ( ) 2e ( 1) e ( )

12
1 e

2

1
e

2

n n

n n n

n

n
mn

n m n n n

m

n

u n n u n u n u n u n

u n u n u n u n

  

 

   







 

  








      
           

         

 
  

   
      

  

 
  












j j

j j

j j

1
e e

2
( 1) e ( ) ( 1) e ( )

1 1
1 e e

2 2

n n

n

n n
u n u n u n u n

 

 

 





 
  
 

    

 

 

14. 
a
( ) cos(2π )x t ft   20 Hzf  π / 2   

1
a
( )x t  

2 0.02 sT  a
( )x t

a
ˆ ( )x t  
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3
a
ˆ ( )x t ( )x n ( )x n  

1
a
( )x t  

1
0.05 sT

f
   

2
a
ˆ ( ) cos(2π ) ( ) cos(40π ) ( )

n n

x t fnT t nT nT t nT   
 

 

        

3 ( )x n 0.8π 
2π 5

2
 5N  cos(0.8π π 2)) /( nx n 

1.2.4  

 

1.2.4  14 ( )x n  

15. ( j )F  1.2.5 *
( j )F 

1
6 rad / s 

2
8 rad / s  s

10 rad / s   

 

1.2.5  15  

s
 1 / T

s

2π
T


 1.2.6   

 

1.2.6   

16. 
s

6π  a
( j )H   

a

1
, | | 3π

( j ) 2

0 , | | 3π

H
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21a a
( ) cos 2π ( ) cos5πx t t x t t ，

1 2a a
( ) ( )y t y t，
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1a
( ) cos 2πx t t

1a

6π
2π 3π

2
   

1a
( )y t  

2a
( ) cos5πx t t

2a

6π
5π 3π

2
   

2a
( )y t  

17. 1.2.7 T

T
a
( )x t

a
( )y t

 

1 ( )h n ω π / 8 1 / 10 kHzT 

ac
f

c
f  

2 1 / 20 kHzT  1  

 

1.2.7  17  

1
π

T
/ π

( )h n
π

8
( )h n

π

8
s

1
10 000 Hzf

T
  ac

s

2π π

8

f

f
  

ac
625 Hzf   

/
c

f
c

π
2πf

T
  

c

1 10 000
5000 Hz

2 2
f

T
    

2  

ac
1250 Hzf   

c
10 kHzf   

18. ( ) {0,0.5,1,1.5}, 0 3x n n ≤ ≤ ( ) {1,1,1} 0 2h n n ，≤ ≤ ( ) ( ) * ( )y n x n h n

( )x n ( )h n ( )y n  

* *[ (( ) ( ) ( )= ( ) ( )+ + ( )+ + 0.5 1.5 3 2.5 1.1) ( 2)] ( 1) ( 2) {0 5}y x h x n nn n n x x n xn nn n         ， ， ，， ，  

                

a ( )x n          b ( )h n             c ( )y n  

1.2.8  18  
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19.  

( ) {1, 2.3, 4,5}, 0 4x n n ≤ ≤  

( ) {1, 2,1,3}, 0 3h n n  ≤ ≤  

( ) ( ) * ( )y n x n h n ( )x n ( )h n ( )y n  

( ) ( ) * ( ) ( ) *[ ( ) ( 1)= 2 + +3( 2) ( 3)]y n x n h n x n n n n n        

2 + +3 0 0 3 6 3,17,1( ) ( 1) ( 2) ( 53) [ ]x n x n x n x n      1，，，，，  

              

a ( )x n           b ( )h n              c ( )y n  

1.2.9  19  

20.  

1 2
( ) ( 1) ( 2) ( )y n a y n a y n bx n      

1
0.8a  

2
0.64a  0.866b   

1 ( )(0 49)h n n≤ ≤ ( )h n  

2 ( )(0 100)s n n≤ ≤ ( )s n  

1 B=0.866,A=[1,-0.8,0.64]; 

xn=[1,zeros(1,48)]; 

hn=filter(B,A,xn); 

n=0:length(hn)-1; 

stem(n,hn,’.’); 

title(‘ ’);xlabel(‘n’);ylabel(‘h(n)’); 

(2) B=0.866,A=[1,-0.8,0.64]; 

xn=ones(1,100); 

sn=filter(B,A,xn); 

n=0:length(sn)-1; 

stem(n,sn,’.’);axis([0,30,0,2]) 

title(‘ ’);xlabel(‘n’);ylabel(‘s(n)’); 

( )h n ( )s n 1.2.10  
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a ( )h n    

 

b ( )s n   

1.2.10  20 1 2  


