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Exercises With Answers in Text

[bookmark: OLE_LINK50][bookmark: OLE_LINK51] Signal Functions

1. 
If  write out and simplify


(a)		

(b)			

(c)		

(d)		

(e)			

(f)	

2. 
If  write out and simplify


(a)			

(b)		

(c)	

(d)	


		


(e)	

3. Find the magnitudes and phases of these complex quantities.


	(a)	 












	(b)	 








	(c)	 







4. 
Let .
	
	(a)	What value does the magnitude of this function approach as f approaches 			positive infinity?




	(b)	What value (in radians) does the phase of this function approach as f 			approaches zero from the positive side?




5. 
Let 


[bookmark: OLE_LINK3][bookmark: OLE_LINK4](a)	Find the magnitude  and the angle in radians






	


(b)	What value (in radians) does  approach as f approaches zero from the positive side?




Shifting and Scaling

6. 




For each function  graph , , , and .

(a)			(b)

[image: Description: Simple Functions]
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7. Find the values of the following signals at the indicated times.


 (a)	


 (b)	


 (c)	

8. [bookmark: _Ref524071237][bookmark: OLE_LINK48]For each pair of functions in Figure E-8 provide the values of the constants  A,


 and w in the functional transformation .

[image: Description: temp]
Figure E-8



Answers:	(a)	  ,  (b)	  ,  

(c)	

9. [bookmark: _Ref524071424]For each pair of functions in Figure E-9 provide the values of the constants  A,


 and a in the functional transformation .

(a)	[image: Description: TransformPair1Ans]


Amplitude comparison yields .  Time scale comparison yields .



(b)	[image: Description: TransformPair2Ans]


Amplitude comparison yields .  Time scale comparison yields .



(c)	[image: Description: TransformPair3Ans]


Amplitude comparison yields .  Time scale comparison yields .


OR


Amplitude comparison yields .  Time scale comparison yields .



(d)	[image: Description: TransformPair4Ans]


Amplitude comparison yields .  Time scale comparison yields .


 (e)	[image: Description: TransformPair5Ans]


Amplitude comparison yields .  Time scale comparison yields .


Figure E-9
10. 
[bookmark: _Ref524071606][bookmark: _Ref318352512]In Figure E-10 is plotted a  function  which is zero for all time outside the range plotted.  Let some other functions be defined by



	,		,	

Find these values.



(a)					(b)		
	


(c)		(d)	


The function  is linear between the integration limits and the area under it is a triangle.  The base width is 2 and the height is -2.  Therefore the area is -2.


[image: Description: Test #1 g(t) #1]
Figure E-10

11. 
A function  is defined by


  .



Graph the magnitude and phase of  over the range, .



First imagine what  looks like.  It consists of a rectangle centered at  of width, 2, multiplied by a complex exponential.  Therefore for frequencies greater than one in magnitude it is zero.  Its magnitude is simply the magnitude of the rectangle function because the magnitude of the complex exponential is one for any f.  












The phase (angle) of  is simply the phase of the complex exponential between  and  and undefined outside that range because the phase of the rectangle function is zero between  and and undefined outside that range and the phase of a product is the sum of the phases.  The phase of the complex exponential  is







The inverse tangent function is multiple-valued.  Therefore there are multiple correct answers for this phase.  The simplest of them is found by choosing  




which is simply the coefficient of j in the original complex exponential expression.


A more general solution would be .  The solution of the original problem is simply this solution except shifted up and down by 10 in f and added.




[image: ExpTimesRectShifted]

12. 
Let .


(a)	Graph them in the time range .  Put scale numbers on the vertical axis so that actual numerical values could be read from the graph.

[image: Description: :Ct1aGraphsV1.eps]



(b)	Graph  in the time range .  Put scale numbers on the vertical axis so that actual numerical values could be read from the graph.





[image: Description: :CT1cGraphV14.eps]

13. 
Write an expression consisting of a summation of unit step functions to represent a signal which consists of rectangular pulses of width 6 ms and height 3 which occur at a uniform rate of 100 pulses per second with the leading edge of the first pulse occurring at time .



14. Find the strengths of the following impulses.


	(a)	 


		


	(b)	 


		

15. 
Find the strengths and spacing between the impulses in the periodic impulse .




	The strengths are all -9/5 and the spacing between them is 11/5.

Derivatives and Integrals of  Functions

16. 
Graph the derivative of .


 This function is constant zero for all time before time, , therefore its 
derivative during that time is zero.  This function is a constant minus a decaying

exponential after time, , and its derivative in that time is therefore a
positive decaying exponential.  






Strictly speaking, its derivative is not defined at exactly .  Since the value of a physical signal at a single point has no impact on any physical system (as long as it is finite) we can choose any finite value at time, , without changing the effect of this signal on any physical system.  If we choose 1/2, then we can write the derivative as 

  .

[image: Description: (1-exp(-t)) Derivative]


	Alternate Solution using the chain rule of differentiation and the fact that the 	impulse occurs at time  .




17. Find the numerical value of each integral.


(a)  	

(b)	

	

	

(c) 	





	(d)	



	(e)		


	(f)	 	(Impulse does not occur between 11 and 82.)


(g)	 = 0			Odd function integrated over
symmetrical  limits.


	(h) 	







	(i) .



		Using the scaling property of the impulse,




		Using the sampling property of the impulse,




	(j)	 


	(k)	  


	(l)	  


	(m)	  
		The impulses in the periodic impulse occur at ...-9,-6,-3,0,3,6,9,12,15,18,...  		At each of these points the cosine value is the same, one, because its 			period is 3 seconds also.  So the integral value is simple the sum of the 			strengths of the impulse that occur in the time range, 1 to 17 seconds


		

18. 
[bookmark: _Ref524071753][bookmark: _Ref524071777]Graph the integral from negative infinity to time t of the functions in Figure E-18 which are zero for all time . 










This is the integral  which, in geometrical terms, is the accumulated area under the function   from time  to time t.  For the case of the two back-to-back rectangular pulses, there is no accumulated area until after time  and then in the time interval  the area accumulates linearly with time up to a maximum area of one at time .  In the second time interval  the area is linearly declining at half the rate at which it increased in the first time interval  down to a value of 1/2 where it stays because there is no accumulation of area for 



In the second case of the triangular-shaped function, the area does not accumulate linearly, but rather non-linearly because the integral of a linear function is a second-degree polynomial.  The rate of accumulation of area is increasing up to time  and then decreasing (but still positive) until time  at which time it stops completely.  The final value of the accumulated area must be the total area of the triangle, which, in this case, is one.

[image: Description: Functions to Integrate]
Figure E-18

[image: Description: Integrals of Fns to Integrate]

19. 


If , what is the function ?	

Generalized Derivative

20. 
The generalized derivative of  consists of two impulses.
	Find their numerical locations and strengths.

	Impulse #1:	Location is t = 0.5 and strength is 18.

	Impulse #2:	Location is t = 3.5 and strength is -18.

Even and Odd  Functions

21. Classify the following functions as even, odd or neither .
	

	(a)			Neither
Cosine is even but the shifted triangle is neither even nor odd which means it has a non-zero even part and a non-zero odd part.  So the product also has a non-zero even part and a non-zero odd part.
	

	(b)			Odd
		Sine is odd and rectangle is even.  Therefore the product is odd.

22. 

An even function  is described over the time range  by 


  .



(a)	What is the value of  at time ?



[bookmark: OLE_LINK45]Since  is even, .


(b)	What is the value of the first derivative of g(t) at time ?


Since  is even, 

.

23. Find the even and odd parts of these functions.


(a)		


		


	


(b)	


		


Using	,











		


Using	,











(c)	


			








			









(d)		


			



Therefore  is odd, 


(e)	



				



				


	(f)	


		


		

[bookmark: _Ref524071849]
24. [bookmark: _Ref327682967]Graph the even and odd parts of the functions in Figure E-24.





To graph the even part of graphically-defined functions like these, first graph  .  Then add it (graphically, point by point) to  and (graphically) divide the sum by two.  Then, to graph the odd part, subtract  from  (graphically) and divide the difference by two.

			        (a)		        (b)
[image: Description: CTFunction1]	[image: Description: CTFunction2]
Figure E-24

[image: Description: Even&OddParts1]   ,    [image: Description: Even&OddParts2]
(a)			(b)	

25. 
[bookmark: _Ref524072174][bookmark: _Ref318180244]Graph the indicated product or quotient  of the functions in Figure E-25.


[image: Description: Combined Functions 11]

[image: Description: Combined Functions 12]

[image: Description: Combined Functions 21]
	
[image: Description: Combined Functions 22]
Figure E-25


26. Use the properties of integrals of even and odd functions to evaluate these integrals in the quickest way.


(a)			


(b)	




(c)		

(d) 




(e)			

(f)	

Periodic  Signals

27. Find the fundamental period and fundamental frequency of each of these functions.



(a)			



(b)		


(c)	

	The fundamental period of the sum of two periodic signals is the least 	common multiple (LCM) of their two individual fundamental periods.  The 	fundamental frequency of the sum of two periodic signals is the greatest 	common divisor (GCD) of their two individual fundamental frequencies.


		


(d) 	


		


	(e)	


		 	


	(f)	


		


	(g)	


		


	(h)	


		 

28. 

[bookmark: _Ref524072304]Find a function of continuous time t for which the two successive transformations  and  leave the function unchanged.


	 , n an integer.  Any even periodic function with a period of 	one.

29. 





[bookmark: _Ref318180336]One period of a periodic signal  with period  is graphed in Figure E-29.  Assuming  has a period ,  what is the value of  at time, ?

[image: Description: OnePeriodArbitraryFunction]
Figure E-29



Since the function is periodic with period 15 ms,  where n is any integer.  If we choose  we get 


 .

Signal Energy and Power of  Signals

30. Find the signal energy of each of these signals.


(a)					

(b)	





(c)			





(d)	

		


	


(e)	


		


	


(f)	


		


	

(g)	 

	 


	


31. 
A  signal is described by .  What is its signal energy?



Since these are purely real functions,









32. 
[bookmark: _Ref524072490]Find the average signal power of the periodic signal  in Figure E-32.

[image: Description: PowerSignal]
Figure E-32





33. Find the average signal power of each of these signals.


(a)		



(b)		


(c)		


	








	The average signal power of a periodic power signal is unaffected if it is 	shifted in time.  Therefore we could have found the average signal power 	of  instead, which is somewhat easier algebraically.  



(d)	  is periodic with fundamental period four and one fundamental period 	is described by  .


	 


	

	(e)	 is periodic with fundamental period six.  This signal is described 			over one fundamental period by 


		.


		The signal can be described in the time period  by


	


	

Exercises Without Answers in Text

Signal Functions

34. Let the  unit impulse function be represented by the limit,


  .


The function  has an area of one regardless of the value of a.  

(a)	What is the area of the function   ?

This is a rectangle with the same height as  but 1/4 times the base width.  Therefore its area is 1/4 times as great or 1/4.


(b)	What is the area of the function   ?

	This is a rectangle with the same height as  but 1/6 times 	the base width. (The fact that the factor is “-6” instead of “6” just means 	that the rectangle is reversed in time which does not change its shape or 	area.)  Therefore its area is 1/6 times as great or 1/6.


(c)	What is the area of the function  for b 			positive and for b negative ?


	It is simply .

35. [bookmark: _Ref514632065]Using a change of variable and the definition of the unit impulse, prove that


  .


  ,  
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A=2,t

0

=1,w=1


oleObject46.bin

image57.emf



A = −2,t0 = 0,w = 1/ 2










A=-2,t

0

=0,w=1/2


image3.emf



g 2 − t( ) = 7e−2 2−t( )−3 = 7e−7+2t










g2

-

t

( )

=

7

e

-

22

-t

( )

-

3=

7

e

-

7

+

2

t


oleObject47.bin

image58.emf



A = −1/ 2,t0 = −1,w = 2










A=-1/2,t

0

=-1,w=2


oleObject48.bin

image59.emf



t0










t

0


oleObject49.bin

image60.emf



g2 t( ) = Ag1 w t − t0( )( )










g

2

t

()

=

A

g

1

wt

-

t

0

( ) ( )


oleObject50.bin

image61.emf



-10 -5 0 5 10
-8



-4



0



4



8



t



g 1(t
)



-10 -5 0 5 10
-8



-4



0



4



8



A = 2, t0  = 2, w = �-2



t



g 2(t
)










-10 -5 0 5 10

-8

-4

0

4

8

t

g

1

(

t

)

-10 -5 0 5 10

-8

-4

0

4

8

A

 = 2, 

t

0

 = 2, 

w

 = � -2

t

g

2

(

t

)


image62.emf



A = 2










A=2


oleObject51.bin

oleObject3.bin

image63.emf



w = −2










w=-2


oleObject52.bin

image64.emf



g2 2( ) = 2g1 −2 2 − t0( )( ) = 2g1 0( )⇒−4 + 2t0 = 0⇒ t0 = 2










g

2

2

( )

=

2g

1

-

22

-

t

0

( ) ( )

=

2g

1

0

( )

Þ -

4

+

2

t

0

=

0

Þ

t

0

=

2


oleObject53.bin

image65.emf



g 1(t
)



A = 3, t0 =�2, w = 2



g 2(t
)



-10 -5 0 5 10
-8



-4



0



4



8



t
-10 -5 0 5 10
-8



-4



0



4



8



t










g

1

(

t

)

A

 = 3, 

t

0

 =�2, 

w

 = 2

g

2

(

t

)

-10 -5 0 5 10

-8

-4

0

4

8

t

-10 -5 0 5 10

-8

-4

0

4

8

t


image66.emf



A = 3










A=3


oleObject54.bin

image67.emf



w = 2










w=2


oleObject55.bin

image68.emf



g2 2( ) = 3g1 2 2 − t0( )( ) = 3g1 0( )⇒ 4 − 2t0 = 0⇒ t0 = 2










g

2

2

( )

=

3g

1

22

-

t

0

( ) ( )

=

3g

1

0

( )

Þ

4

-

2

t

0

=

0

Þ

t

0

=

2


image4.emf



g t /10 + 4( ) = 7e− t /5−11










g

t

/10

+

4

( )

=

7

e

-t

/5

-

11


oleObject56.bin

image69.emf



g 1(t
)



A = -3, t = -6, w = 1/3
0



g 2(t
)



-10 -5 0 5 10
-8



-4



0



4



8



t
-10 -5 0 5 10
-8



-4



0



4



8



t










g

1

(

t

)

A 

= -3, 

t 

= -6, 

w

 = 1/3

0

g

2

(

t

)

-10 -5 0 5 10

-8

-4

0

4

8

t

-10 -5 0 5 10

-8

-4

0

4

8

t


image70.emf



A = −3










A=-3


oleObject57.bin

image71.emf



w = 1/ 3










w=1/3


oleObject58.bin

image72.emf



g2 0( ) = −3g1 1 / 3( ) 0 − t0( )( ) = −3g1 2( )⇒−t0 / 3= 2⇒ t0 = −6










g

2

0

( )

=-

3g

1

1/3

( )

0

-

t

0

( ) ( )

=-

3g

1

2

( )

Þ -

t

0

/3

=

2

Þ

t

0

=-

6


oleObject59.bin

image73.emf



A = −3










A=-3


oleObject60.bin

oleObject4.bin

image74.emf



w = −1/ 3










w=-1/3


oleObject61.bin

image75.emf



g2 3( ) = −3g1 −1/ 3( ) 3− t0( )( ) = −3g1 0( )⇒ t0 / 3−1= 0⇒ t0 = 3










g

2

3

()

=-

3g

1

-

1/3

( )

3

-

t

0

( ) ( )

=-

3g

1

0

( )

Þ

t

0

/3

-

1

=

0

Þ

t

0

=

3


oleObject62.bin

image76.emf



g 1(t
)



0



g 2(t
)



-10 -5 0 5 10
-8



-4



0



4



8



t
-10 -5 0 5 10
-8



-4



0



4



8



t



A = -2, t  = -2, w = 1/3










g

1

(

t

)

0

g

2

(

t

)

-10 -5 0 5 10

-8

-4

0

4

8

t

-10 -5 0 5 10

-8

-4

0

4

8

t

A

 = -2, 

t

  = -2, 

w

 = 1/3


image77.emf



A = −2










A=-2


oleObject63.bin

image78.emf



w = 1/ 3










w=1/3


oleObject64.bin

image79.emf



g2 4( ) = −2g1 1 / 3( ) 4 − t0( )( ) = −3g1 2( )⇒−t0 / 3+ 4 / 3= 2⇒ t0 = −2










g

2

4

( )

=-

2g

1

1/3

( )

4

-

t

0

( ) ( )

=-

3g

1

2

( )

Þ -

t

0

/3

+

4/3

=

2

Þ

t

0

=-

2


image5.emf



g jt( ) = 7e− j2t−3










g

jt

( )

=

7

e

-j

2

t-

3


oleObject65.bin

image80.emf



g 1(t
)



g 2(t
)



-10 -5 0 5 10
-8



-4



0



4



8



t
-10 -5 0 5 10
-8



-4



0



4



8



t



0A = 3, t  = -2, w = 1/2










g

1

(

t

)

g

2

(

t

)

-10 -5 0 5 10

-8

-4

0

4

8

t

-10 -5 0 5 10

-8

-4

0

4

8

t

0

A = 3, t  = -2, w = 1/2


image81.emf



A = 3










A=3


oleObject66.bin

image82.emf



w = 1/ 2










w=1/2


oleObject67.bin

image83.emf



g2 0( ) = 3g1 1 / 2( ) 0 − t0( )( ) = 3g1 1( )⇒−t0 / 2 = 1⇒ t0 = −2










g

2

0

( )

=

3g

1

1/2

( )

0

-

t

0

( ) ( )

=

3g

1

1

()

Þ -

t

0

/2

=

1

Þ

t

0

=-

2


oleObject68.bin

image84.emf



g1 t( )










g

1

t

()


oleObject69.bin

oleObject5.bin

image85.emf



g2 t( ) = 3g1 2 − t( )










g

2

t

()=

3g

1

2

-

t

( )


oleObject70.bin

image86.emf



g3 t( ) = −2g1 t / 4( )










g

3

t

()=-

2g

1

t

/4

( )


oleObject71.bin

image87.emf



g4 t( ) = g1
t − 3
2



⎛
⎝⎜



⎞
⎠⎟










g

4

t

()

=

g

1

t

-

3

2

æ

è

ç

ö

ø

÷


oleObject72.bin

image88.emf



g2 1( ) = −3










g

2

1

()=-

3


oleObject73.bin

image89.emf



g3 −1( ) = −3.5










g

3

-

1

( )=-

3.5


oleObject74.bin

image6.emf



g jt( ) + g − jt( )
2



= 7e−3 e
− j2t + e j2t



2
= 7e−3 cos 2t( ) = 0.3485cos 2t( )










g

jt

( )+

g

-

jt

( )

2

=

7

e

-

3

e

-j

2

t

+

e

j

2

t

2

=

7

e

-

3

cos2

t

( )

=

0.3485cos2

t

( )


image90.emf



g4 t( )g3 t( )⎡⎣ ⎤⎦t=2 =
3
2
× −1( ) = − 3



2










g

4

t

()

g

3

t

()

é

ë

ù

û

t=

2

=

3

2

´-

1

( )

=-

3

2


oleObject75.bin

image91.emf



g4 t( )dt
−3



−1



∫










g

4

t

()

dt

-

3

-

1

ò


oleObject76.bin

image92.emf



g4 t( )










g

4

t

()


oleObject77.bin

image93.emf



g4 t( )dt
−3



−1



∫ = −2










g

4

t

()

dt

-

3

-

1

ò

=-

2


oleObject78.bin

image94.emf



t



g (t)



1-1-2-3-4 2 3 4



1



2
3
4



-4



-3
-2
-1



1










t

g (

t

)

1 -1 -2 -3 -4 2 3 4

1

2

3

4

-4

-3

-2

-1

1


image95.emf



G f( )










G

f

( )


oleObject6.bin

oleObject79.bin

image96.emf



G f( ) = e− j2π f rect f / 2( )










G

f

( )

=

e

-j

2

pf

rect

f

/2

( )


oleObject80.bin

image97.emf



G f −10( ) +G f +10( )










G

f

-

10

( )+

G

f

+

10

( )


oleObject81.bin

image98.emf



−20 < f < 20










-20<f<20


oleObject82.bin

image99.emf



G f( )










G

f

( )


oleObject83.bin

image100.emf



f = 0










f=0


image7.emf



g jt − 3
2



⎛
⎝⎜



⎞
⎠⎟ + g



− jt − 3
2



⎛
⎝⎜



⎞
⎠⎟



2
= 7 e



− jt + e jt



2
= 7cos t( )










g

jt-

3

2

æ

è

ç

ö

ø

÷

+

g

-jt-

3

2

æ

è

ç

ö

ø

÷

2

=

7

e

-jt

+

e

jt

2

=

7cos

t

()


oleObject84.bin

image101.emf



e− j2π f = cos −2π f( ) + j sin −2π f( ) = cos 2π f( )− j sin 2π f( )










e

-j

2

pf=

cos

-

2

p

f

( )

+

j

sin

-

2

p

f

( )

=

cos2

p

f

( )

-

j

sin2

p

f

( )


oleObject85.bin

image102.emf



e− j2π f = cos2 2π f( ) + sin2 2π f( ) = 1










e

-j

2

pf=

cos

2

2

p

f

( )

+

sin

2

2

p

f

( )

=

1


oleObject86.bin

image103.emf



G f( )










G

f

( )


oleObject87.bin

image104.emf



f = −1










f=-1


oleObject88.bin

image105.emf



f = 1










f=1


oleObject7.bin

oleObject89.bin

image106.emf



f = −1










f=-1


oleObject90.bin

image107.emf



f = 1










f=1


oleObject91.bin

image108.emf



 
e− j2π f =  cos 2π f( )− j sin 2π f( )( ) = tan−1 −



sin 2π f( )
cos 2π f( )



⎛
⎝⎜



⎞
⎠⎟
= − tan−1 sin 2π f( )



cos 2π f( )
⎛
⎝⎜



⎞
⎠⎟










 



e

-j

2

pf

=

cos2

p

f

( )

-

j

sin2

p

f

( )

( )

=

tan

-

1 -

sin2

p

f

( )

cos2

p

f

( )

æ

è

ç

ö

ø

÷

=-

tan

-

1

sin2

p

f

( )

cos2

p

f

( )

æ

è

ç

ö

ø

÷


oleObject92.bin

image109.emf



 e
− j2π f = − tan−1 tan 2π f( )( )










 



e

-j

2

pf=-

tan

-

1

tan2

p

f

( ) ( )


oleObject93.bin

image110.emf



 e
− j2π f = −2π f










 



e

-j

2

pf=-

2

p

f


image8.emf



 g x( ) = x2 − 4x + 4










 

g

x

( )

=

x

2-

4

x

+

4


oleObject94.bin

image111.emf









oleObject95.bin

image112.emf



 e
− j2π f = −2π f + 2nπ   ,  n an integer










 



e

-j

2

pf=-

2

p

f

+

2

n

p

  ,  

n

 an integer


oleObject96.bin

image113.emf



G f −10( ) +G f +10( ) = e− j2π f −10( ) rect f −10
2



⎛
⎝⎜



⎞
⎠⎟ + e



− j2π f +10( ) rect f +10
2



⎛
⎝⎜



⎞
⎠⎟










G

f

-

10

( )

+

G

f

+

10

( )

=

e

-j

2

pf-

10

( )

rect

f

-

10

2

æ

è

ç

ö

ø

÷

+

e

-j

2

pf+

10

( )

rect

f

+

10

2

æ

è

ç

ö

ø

÷


oleObject97.bin

image114.emf



f 
-20 20



1



f 
-20 20



-π



π



G f −10( ) +G f +10( )



� G f −10( ) +G f +10( )⎡⎣ ⎤⎦











image115.emf



  
x1 t( ) = 3rect t −1( ) / 6( )   and  x2 t( ) = ramp t( ) u t( ) − u t − 4( )⎡⎣ ⎤⎦










  

x

1

t

()

=

3rect t

-

1

( )

/6

( )

  and  x

2

t

()

=

rampt

()

ut

()

-

ut

-

4

( )

é

ë

ù

û


oleObject98.bin

oleObject8.bin

image116.emf



  −10 < t < 10










  

-10<t<10


oleObject99.bin

image117.emf



t
-10 10



x
1
(t)



-6



6



t
-10 10



x
2
(t)



-6



6










t

-10 10

x

1

(t)

-6

6

t

-10 10

x

2

(t)

-6

6


image118.emf



  
x t( ) = x1 2t( ) − x2 t / 2( )










  

xt

()

=

x

1

2t

( )

-

x

2

t/2

( )


oleObject100.bin

image119.emf



  −10 < t < 10










  

-10<t<10


oleObject101.bin

image120.emf



  
x1 2t( ) = 3rect 2t −1( ) / 6( )   and  x2 t / 2( ) = ramp t / 2( ) u t / 2( ) − u t / 2 − 4( )⎡⎣ ⎤⎦










  

x

1

2t

( )

=

3rect 2t

-

1

( )

/6

( )

  and  x

2

t/2

( )

=

rampt/2

( )

ut/2

( )

-

ut/2

-

4

( )

é

ë

ù

û


oleObject102.bin

image121.emf



  
x1 2t( ) = 3rect t −1 / 2( ) / 3( )   and  x2 t / 2( ) = 1 / 2( )ramp t( ) u t( ) − u t − 8( )⎡⎣ ⎤⎦










  

x

1

2t

( )

=

3rect t

-

1/2

( )

/3

( )

  and  x

2

t/2

( )

=

1/2

( )

rampt

()

ut

()

-

ut

-

8

( )

é

ë

ù

û


image9.emf



g z( ) = z2 − 4z + 4










g

z

()

=

z

2-

4

z

+

4


oleObject103.bin

image122.emf



t
-10 10



x
1
(2t)-x



2
(t/2)



-8



8










t

-10 10

x

1

(2t)-x

2

(t/2)

-8

8


image123.emf



t = 0










t=0


oleObject104.bin

image124.emf



x t( ) = 3 u t − 0.01n( )− u t − 0.01n − 0.006( )⎡⎣ ⎤⎦
n=0



∞



∑










x

t

()

=

3 u

t

-

0.01

n

( )

-

u

t

-

0.01

n

-

0.006

( )

é

ë

ù

û

n=

0

¥

å


oleObject105.bin

image125.emf



−3δ −4t( )










-

3

d -

4t

( )


oleObject106.bin

image126.emf



−3δ −4t( ) = −3× 1
−4



δ t( )⇒ Strength is − 3 / 4










-

3

d-

4

t

( )

=-

3

´

1

-

4

d

t

()

Þ

Strength is 

-

3/4


oleObject107.bin

oleObject9.bin

image127.emf



  
5δ 3 t −1( )( )










  

5

d

3t

-

1

( ) ( )


oleObject108.bin

image128.emf



  
5δ 3 t −1( )( ) = 5



3
δ t −1( )⇒ Strength is 5



3










  

5

d

3t

-

1

( )

( )

=

5

3

d

t

-

1

( )

Þ

Strength is 

5

3


oleObject109.bin

image129.emf



  −9δ11 5t( )










  

-

9

d

11

5t

( )


oleObject110.bin

image130.emf



  
−9δ11 5t( ) = −9 δ 5t −11k( )



k=−∞



∞



∑ = − 9
5



δ t −11k / 5( )
k=−∞



∞



∑










  

-

9

d

11

5t

( )

=-

9

d

5t

-

11k

( )

k

=-¥

¥

å

=-

9

5

d

t

-

11k/5

( )

k

=-¥

¥

å


oleObject111.bin

image131.emf



x t( ) = 1− e− t( )u t( )










x

t

()

=

1

-

e

-t

( )

u

t

()


oleObject112.bin

image10.emf



g u + v( ) = u + v( )2 − 4 u + v( ) + 4 = u2 + v2 + 2uv − 4u − 4v + 4










g

u

+

v

( )

=

u

+

v

( )

2

-

4

u

+

v

( )

+

4

=

u

2+

v

2+

2

uv

-

4

u

-

4

v

+

4


image132.emf



t = 0










t=0


oleObject113.bin

image133.emf



t = 0










t=0


oleObject114.bin

image134.emf



′x t( ) = e− t , t > 0
0 , t < 0



⎧
⎨
⎩










¢

x

t

()

=

e

-t

,

t

>

0

0 ,

t

<

0

ì

í

î


oleObject115.bin

image135.emf



t = 0










t=0


oleObject116.bin

image136.emf



t = 0










t=0


oleObject117.bin

oleObject10.bin

image137.emf



′x t( ) = e− t u t( )










¢

x

t

()

=

e

-t

u

t

()


oleObject118.bin

image138.emf



t
-1 4



x(t)



-1



1



t
-1 4



dx/dt



-1



1










t

-1 4

x(t)

-1

1

t

-1 4

dx/d

t

-1

1


image139.emf



t = 0










t=0


oleObject119.bin

image140.emf



 



d
dt



x t( )( ) = 1− e− t( )
=0  for t=0
 



δ t( ) + e− t u t( ) = e− t u t( )










 

d

dt

x

t

()

( )

=

1

-

e

-t

( )

=

0 for 

t=

0

   

d

t

()

+

e

-t

u

t

()

=

e

-t

u

t

()


oleObject120.bin

image141.emf



u 4 − t( )dt
−2



11



∫ = dt
−2



4



∫ = 6










u4

-

t

( )

dt

-

2

11

ò

=

dt

-

2

4

ò

=

6


oleObject121.bin

image142.emf



δ t + 3( )− 2δ 4t( )⎡⎣ ⎤⎦dt
−1



8



∫










d

t

+

3

( )

-

2

d

4

t

( )

é

ë

ù

û

dt

-

1

8

ò


image11.emf



g e jt( ) = e jt( )2 − 4e jt + 4 = e j2t − 4e jt + 4 = e jt − 2( )2










g

e

jt

( )

=

e

jt

( )

2

-

4

e

jt

+

4

=

e

j

2

t

-

4

e

jt

+

4

=

e

jt

-

2

( )

2


oleObject122.bin

image143.emf



δ t + 3( )− 2δ 4t( )⎡⎣ ⎤⎦dt
−1



8



∫ = δ t + 3( )dt
−1



8



∫ − 2 δ 4t( )dt
−1



8



∫










d

t

+

3

( )

-

2

d

4

t

( )

é

ë

ù

û

dt

-

1

8

ò

= d

t

+

3

( )

dt

-

1

8

ò

-

2

d

4

t

( )

dt

-

1

8

ò


oleObject123.bin

image144.emf



δ t + 3( )− 2δ 4t( )⎡⎣ ⎤⎦dt
−1



8



∫ = 0 − 2 ×1/ 4 δ t( )dt
−1



8



∫ = −1/ 2










d

t

+

3

( )

-

2

d

4

t

( )

é

ë

ù

û

dt

-

1

8

ò

=

0

-

2

´

1/4

d

t

()

dt

-

1

8

ò

=-

1/2


oleObject124.bin

image145.emf



δ 2 3t( )dt
1/2



5/2



∫










d

2

3

t

( )

dt

1/2

5/2

ò


oleObject125.bin

image146.emf



δ 2 3t( )dt
1/2



5/2



∫ = δ 3t − 2n( )
n=−∞



∞



∑ dt
1/2



5/2



∫ = 1
3



δ t − 2n / 3( )
n=−∞



∞



∑ dt
1/2



5/2



∫










d

2

3

t

( )

dt

1/2

5/2

ò

= d

3

t

-

2

n

( )

n=-¥

¥

å

dt

1/2

5/2

ò

=

1

3

d

t

-

2

n

/3

( )

n=-¥

¥

å

dt

1/2

5/2

ò


oleObject126.bin

image147.emf



δ 2 3t( )dt
1/2



5/2



∫ = 1
3
1+1+1[ ] = 1










d

2

3

t

( )

dt

1/2

5/2

ò

=

1

3

1

+

1

+

1

[ ]

=

1


oleObject11.bin

oleObject127.bin

image148.emf



δ t + 4( )ramp −2t( )dt
−∞



∞



∫ = ramp −2 −4( )( ) = ramp 8( ) = 8










d

t

+

4

( )

ramp

-

2

t

( )

dt

-¥

¥

ò

=

ramp

-

2

-

4

( )

( )

=

ramp8

( )

=

8


oleObject128.bin

image149.emf



ramp 2t − 4( )dt
−3



10



∫ = 2t − 4( )dt
2



10



∫ = t 2 − 4t⎡⎣ ⎤⎦2
10
= 100 − 40 − 4 + 8 = 64










ramp2

t

-

4

( )

dt

-

3

10

ò

=

2

t

-

4

( )

dt

2

10

ò

=

t2

-

4

t

é

ë

ù

û

2

10

=

100

-

40

-

4

+

8

=

64


oleObject129.bin

image150.emf



  
3sin 200t( )δ t − 7( )dt



11



82



∫ = 0










 

 

3sin200

t

( )

d

t

-

7

( )

dt

11

82

ò

=

0


oleObject130.bin

image151.emf



sin πt / 20( )dt
−5



5



∫










sin

p

t

/20

( )

dt

-

5

5

ò


oleObject131.bin

image152.emf



  
39t2δ 4 t −1( )dt



−2



10



∫ = 39 t2 δ t −1− 4k( )
k=−∞



∞



∑ dt
−2



10



∫










 

 

39

t2

d

4

t

-

1

( )

dt

-

2

10

ò

=

39

t2

d

t

-

1

-

4

k

( )

k=-¥

¥

å

dt

-

2

10

ò


image12.emf



g g t( )( ) = g t 2 − 4t + 4( ) = t 2 − 4t + 4( )2 − 4 t 2 − 4t + 4( ) + 4










gg

t

()

( )

=

g

t

2-

4

t

+

4

( )

=

t

2-

4

t

+

4

( )

2

-

4

t

2-

4

t

+

4

( )

+

4


oleObject132.bin

image153.emf



  
39t2δ 4 t −1( )dt



−2



10



∫ = 39 t2 δ t −1( ) +δ t −5( ) +δ t − 9( )⎡⎣ ⎤⎦dt
−2



10



∫










 

 

39

t2

d

4

t

-

1

( )

dt

-

2

10

ò

=

39

t2

d

t

-

1

( )

+d

t

-

5

( )

+d

t

-

9

( )

é

ë

ù

û

dt

-

2

10

ò


oleObject133.bin

image154.emf



  
39t2δ 4 t −1( )dt



−2



10



∫ = 39 12 +52 + 92( ) = 4173










 

 

39

t2

d

4

t

-

1

( )

dt

-

2

10

ò

=

391

2

+

5

2

+

9

2

( )

=

4173


oleObject134.bin

image155.emf



  
e−18t u t( )δ 10t − 2( )dt



−∞



∞



∫










 

 

e

-

18

t

u

t

()

d

10

t

-

2

( )

dt

-¥

¥

ò


oleObject135.bin

image156.emf



  
e−18t u t( )δ 10t − 2( )dt



−∞



∞



∫ = e−18t u t( )δ 10 t −1/ 5( )( )dt
−∞



∞



∫










 

 

e

-

18

t

u

t

()

d

10

t

-

2

( )

dt

-¥

¥

ò

=

e

-

18

t

u

t

()

d

10

t

-

1/5

( )

( )

dt

-¥

¥

ò


oleObject136.bin

image157.emf



  
e−18t u t( )δ 10t − 2( )dt



−∞



∞



∫ = 1
10



e−18t u t( )δ t −1/ 5( )dt
−∞



∞



∫










 

 

e

-

18

t

u

t

()

d

10

t

-

2

( )

dt

-¥

¥

ò

=

1

10

e

-

18

t

u

t

()

d

t

-

1/5

( )

dt

-¥

¥

ò


oleObject12.bin

oleObject137.bin

image158.emf



  
e−18t u t( )δ 10t − 2( )dt



−∞



∞



∫ = 1
10



e−18/5 = 0.002732










 

 

e

-

18

t

u

t

()

d

10

t

-

2

( )

dt

-¥

¥

ò

=

1

10

e

-

18/5

=

0.002732


oleObject138.bin

image159.emf



  
9δ t − 4( ) / 5( )dt



2



9



∫ = 45 δ t − 4( )dt
2



9



∫ = 45










 

 

9

d

t

-

4

( )

/5

( )

dt

2

9

ò

=

45

d

t

-

4

( )

dt

2

9

ò

=

45


oleObject139.bin

image160.emf



  
5δ 3 t − 4( )( )dt



−6



3



∫ = 5
3



δ t − 4( )dt
−6



3



∫ = 0










 

 

5

d

3

t

-

4

( )

( )

dt

-

6

3

ò

=

5

3

d

t

-

4

( )

dt

-

6

3

ò

=

0


oleObject140.bin

image161.emf



  
ramp 3t( )δ t − 4( )dt



−∞



∞



∫ = ramp 3× 4( ) = 12










 

 

ramp3

t

( )

d

t

-

4

( )

dt

-¥

¥

ò

=

ramp3

´

4

( )

=

12


oleObject141.bin

image162.emf



δ 3 t( )cos 2π t / 3( )dt
1



17



∫










d

3

t

()

cos2

p

t

/3

( )

dt

1

17

ò


image13.emf



g g t( )( ) = t 4 − 8t 3 + 20t 2 −16t + 4










gg

t

() ( )

=

t4

-

8

t3

+

20

t2

-

16

t

+

4


oleObject142.bin

image163.emf



δ 3 t( )cos 2π t / 3( )dt
1



17



∫ = 5










d

3

t

()

cos2

p

t

/3

( )

dt

1

17

ò

=

5


oleObject143.bin

image164.emf



t < 0










t<0


oleObject144.bin

image165.emf



g τ( )dτ
−∞



t



∫










g

t

( )

d

t

-¥

t

ò


oleObject145.bin

image166.emf



g t( )










g

t

()


oleObject146.bin

image167.emf



−∞










-¥


oleObject13.bin

oleObject147.bin

image168.emf



t = 0










t=0


oleObject148.bin

image169.emf



0 < t <1










0<t<1


oleObject149.bin

image170.emf



t = 1










t=1


oleObject150.bin

image171.emf



1< t < 2










1<t<2


oleObject151.bin

image172.emf



0 < t <1










0<t<1


image14.emf



g 2( ) = 4 − 8 + 4 = 0










g2

( )=

4

-

8

+

4

=

0


oleObject152.bin

image173.emf



t > 2.










t>2.


oleObject153.bin

image174.emf



t = 1










t=1


oleObject154.bin

image175.emf



t = 2










t=2


oleObject155.bin

image176.emf



g(t)



t



1



1 2 3
1
2



g(t)



t



1



1 2 3










g(

t

)

t

1

123

1

2

g(

t

)

t

1

123


image177.emf



∫ g(t) dt∫ g(t) dt



t



1



1 2 3



1
2



t



1



1 2 3










ò 

g(

t

) d

t

ò 

g(

t

) d

t

t

1

123

1

2

t

1

123


image178.emf



  
4u t − 5( ) = d



dt
x t( )( )










  

4ut

-

5

( )

=

d

dt

xt

()

( )


oleObject14.bin

oleObject156.bin

image179.emf



  
x t( )










  

xt

()


oleObject157.bin

image180.emf



  
x t( ) = 4ramp t − 5( )










  

xt

()

=

4rampt

-

5

( )


oleObject158.bin

image181.emf



18rect t − 2
3



⎛
⎝⎜



⎞
⎠⎟










18rect

t

-

2

3

æ

è

ç

ö

ø

÷


oleObject159.bin

image182.emf



cos 2πt( ) tri t −1( )










cos2

p

t

( )

tri

t

-

1

( )


oleObject160.bin

image183.emf



sin 2πt( )rect t / 5( )










sin2

p

t

( )

rect

t

/5

( )


image15.emf



  e
− 3+ j2.3( )










  

e

-

3

+

j2.3

( )


oleObject161.bin

image184.emf



g t( )










g

t

()


oleObject162.bin

image185.emf



0 < t <10










0<t<10


oleObject163.bin

image186.emf



g t( ) =
2t , 0 < t < 3
15 − 3t , 3< t < 7
−2 , 7 < t <10



⎧
⎨
⎪



⎩⎪










g

t

()

=

2

t

,0

<

t

<

3

15

-

3

t

, 3

<

t

<

7

-

2 ,7

<

t

<

10

ì

í

ï

î

ï


oleObject164.bin

image187.emf



g t( )










g

t

()


oleObject165.bin

image188.emf



t = −5










t=-5


oleObject15.bin

oleObject166.bin

image189.emf



g t( )










g

t

()


oleObject167.bin

image190.emf



g t( ) = g −t( )⇒ g −5( ) = g 5( ) = 15 − 3× 5 = 0










g

t

()=

g

-

t

( )Þ

g

-

5

( )=

g5

( )=

15

-

3

´

5

=

0


oleObject168.bin

image191.emf



t = −6










t=-6


oleObject169.bin

image192.emf



g t( )










g

t

()


oleObject170.bin

image193.emf



d
dt
g t( ) = − d



dt
g −t( )⇒ d



dt
g t( )⎡



⎣⎢
⎤
⎦⎥t=−6



= − d
dt
g t( )⎡



⎣⎢
⎤
⎦⎥t=6



= − −3( ) = 3










d

dt

g

t

()

=-

d

dt

g

-

t

( )

Þ

d

dt

g

t

()

é

ë

ê

ù

û

ú

t=-

6

=-

d

dt

g

t

()

é

ë

ê

ù

û

ú

t=

6

=--

3

( )

=

3


image16.emf



  
e− 3+ j2.3( ) = e−3 e− j2.3 = e−3 cos 2.3( )− jsin 2.3( )










  

e

-

3

+

j2.3

( )

=

e

-

3

e

-

j2.3

=

e

-

3

cos2.3

( )

-

jsin2.3

( )


oleObject171.bin

image194.emf



g t( ) = 2t 2 − 3t + 6










g

t

()

=

2

t

2-

3

t

+

6


oleObject172.bin

image195.emf



ge t( ) = 2t
2 − 3t + 6 + 2 −t( )2 − 3 −t( ) + 6



2
= 4t



2 +12
2



= 2t 2 + 6










g

e

t

()

=

2

t2

-

3

t

+

6

+

2

-

t

( )

2

-

3

-

t

( )

+

6

2

=

4

t

2+

12

2

=

2

t2

+

6


oleObject173.bin

image196.emf



go t( ) = 2t
2 − 3t + 6 − 2 −t( )2 + 3 −t( )− 6



2
= −6t
2



= −3t










g

o

t

()

=

2

t2

-

3

t

+

6

-

2

-

t

( )

2

+

3

-

t

( )

-

6

2

=

-

6

t

2

=-

3

t


oleObject174.bin

image197.emf



g t( ) = 20cos 40π t −π / 4( )










g

t

()=

20cos40

p

t

-p

/4

( )


oleObject175.bin

image198.emf



ge t( ) = 20cos 40π t −π / 4( ) + 20cos −40π t −π / 4( )
2










g

e

t

()

=

20cos40

pt-p

/4

( )+

20cos

-

40

pt-p

/4

( )

2


oleObject16.bin

oleObject176.bin

image199.emf



cos z1 + z2( ) = cos z1( )cos z2( )− sin z1( )sin z2( )










cos

z

1

+

z

2

( )

=

cos

z

1

( )

cos

z

2

( )

-

sin

z

1

( )

sin

z

2

( )


oleObject177.bin

image200.emf



ge t( ) =



20 cos 40π t( )cos −π / 4( )− sin 40π t( )sin −π / 4( )⎡⎣ ⎤⎦
+20 cos −40π t( )cos −π / 4( )− sin −40π t( )sin − / 4( )⎡⎣ ⎤⎦



⎧
⎨
⎪



⎩⎪



⎫
⎬
⎪



⎭⎪
2










g

e

t

()

=

20cos40

p

t

( )

cos

-p

/4

( )

-

sin40

p

t

( )

sin

-p

/4

( )

é

ë

ù

û

+

20cos

-

40

p

t

( )

cos

-p

/4

( )

-

sin

-

40

p

t

( )

sin

-

/4

( )

é

ë

ù

û

ì

í

ï

î

ï

ü

ý

ï

þ

ï

2


oleObject178.bin

image201.emf



ge t( ) =



20 cos 40π t( )cos π / 4( ) + sin 40π t( )sin π / 4( )⎡⎣ ⎤⎦
+20 cos 40π t( )cos π / 4( )− sin 40π t( )sin π / 4( )⎡⎣ ⎤⎦



⎧
⎨
⎪



⎩⎪



⎫
⎬
⎪



⎭⎪
2










g

e

t

()

=

20cos40

p

t

( )

cos

p

/4

( )

+

sin40

p

t

( )

sin

p

/4

( )

é

ë

ù

û

+

20cos40

p

t

( )

cos

p

/4

( )

-

sin40

p

t

( )

sin

p

/4

( )

é

ë

ù

û

ì

í

ï

î

ï

ü

ý

ï

þ

ï

2


oleObject179.bin

image202.emf



ge t( ) = 20cos π / 4( )cos 40π t( ) = 20 / 2( )cos 40π t( )










g

e

t

()

=

20cos

p

/4

( )

cos40

p

t

( )

=

20/ 2

( )

cos40

p

t

( )


oleObject180.bin

image203.emf



go t( ) = 20cos 40π t −π / 4( )− 20cos −40π t −π / 4( )
2










g

o

t

()

=

20cos40

pt-p

/4

( )-

20cos

-

40

pt-p

/4

( )

2


image17.emf



  
e− 3+ j2.3( ) = e−3 cos2 2.3( ) + sin2 2.3( ) = e−3 = 0.0498










  

e

-

3

+

j2.3

( )

=

e

-

3

cos

2

2.3

( )

+

sin

2

2.3

( )

=

e

-

3

=

0.0498


oleObject181.bin

image204.emf



cos z1 + z2( ) = cos z1( )cos z2( )− sin z1( )sin z2( )










cos

z

1

+

z

2

( )

=

cos

z

1

( )

cos

z

2

( )

-

sin

z

1

( )

sin

z

2

( )


oleObject182.bin

image205.emf



go t( ) =



20 cos 40π t( )cos −π / 4( )− sin 40π t( )sin −π / 4( )⎡⎣ ⎤⎦
−20 cos −40π t( )cos −π / 4( )− sin −40π t( )sin −π / 4( )⎡⎣ ⎤⎦



⎧
⎨
⎪



⎩⎪



⎫
⎬
⎪



⎭⎪
2










g

o

t

()

=

20cos40

p

t

( )

cos

-p

/4

( )

-

sin40

p

t

( )

sin

-p

/4

( )

é

ë

ù

û

-

20cos

-

40

p

t

( )

cos

-p

/4

( )

-

sin

-

40

p

t

( )

sin

-p

/4

( )

é

ë

ù

û

ì

í

ï

î

ï

ü

ý

ï

þ

ï

2


oleObject183.bin

image206.emf



go t( ) =



20 cos 40π t( )cos π / 4( ) + sin 40π t( )sin π / 4( )⎡⎣ ⎤⎦
−20 cos 40π t( )cos π / 4( )− sin 40π t( )sin π / 4( )⎡⎣ ⎤⎦



⎧
⎨
⎪



⎩⎪



⎫
⎬
⎪



⎭⎪
2










g

o

t

()

=

20cos40

p

t

( )

cos

p

/4

( )

+

sin40

p

t

( )

sin

p

/4

( )

é

ë

ù

û

-

20cos40

p

t

( )

cos

p

/4

( )

-

sin40

p

t

( )

sin

p

/4

( )

é

ë

ù

û

ì

í

ï

î

ï

ü

ý

ï

þ

ï

2


oleObject184.bin

image207.emf



go t( ) = 20sin π / 4( )sin 40π t( ) = 20 / 2( )sin 40π t( )










g

o

t

()

=

20sin

p

/4

( )

sin40

p

t

( )

=

20/ 2

( )

sin40

p

t

( )


oleObject185.bin

image208.emf



g t( ) = 2t
2 − 3t + 6
1+ t










g

t

()

=

2

t

2-

3

t

+

6

1

+

t


oleObject17.bin

oleObject186.bin

image209.emf



ge t( ) =
2t 2 − 3t + 6
1+ t



+ 2t
2 + 3t + 6
1− t



2










g

e

t

()

=

2

t2

-

3

t

+

6

1

+

t

+

2

t2

+

3

t

+

6

1

-

t

2


oleObject187.bin

image210.emf



ge t( ) =



2t 2 − 3t + 6( ) 1− t( ) + 2t 2 + 3t + 6( ) 1+ t( )
1+ t( ) 1− t( )



2










g

e

t

()

=

2

t

2-

3

t

+

6

( )

1

-

t

( )

+

2

t

2+

3

t

+

6

( )

1

+

t

( )

1

+

t

( )

1

-

t

( )

2


oleObject188.bin

image211.emf



ge t( ) = 4t
2 +12 + 6t 2



2 1− t 2( ) = 6 + 5t
2



1− t 2










g

e

t

()

=

4

t

2+

12

+

6

t

2

21

-

t

2

( )

=

6

+

5

t

2

1

-

t2


oleObject189.bin

image212.emf



go t( ) =
2t 2 − 3t + 6
1+ t



− 2t
2 + 3t + 6
1− t



2










g

o

t

()

=

2

t2

-

3

t

+

6

1

+

t

-

2

t2

+

3

t

+

6

1

-

t

2


oleObject190.bin

image213.emf



go t( ) =



2t 2 − 3t + 6( ) 1− t( )− 2t 2 + 3t + 6( ) 1+ t( )
1+ t( ) 1− t( )



2










g

o

t

()

=

2

t

2-

3

t

+

6

( )

1

-

t

( )

-

2

t

2+

3

t

+

6

( )

1

+

t

( )

1

+

t

( )

1

-

t

( )

2


image18.emf



   
!e− 3+ j2.3( ) = !e−3



=0
" +!e− j2.3 = tan−1 −



sin 2.3( )
cos 2.3( )



⎛



⎝
⎜



⎞



⎠
⎟ = −2.3 radians











oleObject191.bin

image214.emf



go t( ) = −6t − 4t 3 −12t
2 1− t 2( ) = −t 2t



2 + 9
1− t 2










g

o

t

()

=

-

6

t

-

4

t

3-

12

t

21

-

t

2

( )

=-

t

2

t

2+

9

1

-

t2


oleObject192.bin

image215.emf



g t( ) = t 2 − t 2( ) 1+ 4t 2( )










g

t

()

=

t

2

-

t

2

( )

1

+

4

t

2

( )


oleObject193.bin

image216.emf



 



g t( ) = t
odd
 2 − t 2( )



even




1+ 4t 2( )
even



 










 

g

t

()

=

t

odd



2

-

t2

( )

even



1

+

4

t2

( )

even

   


oleObject194.bin

image217.emf



g t( )










g

t

()


oleObject195.bin

image218.emf



ge t( ) = 0 and go t( ) = t 2 − t 2( ) 1+ 4t 2( )










g

e

t

()

=

0 andg

o

t

()

=

t

2

-

t

2

( )

1

+

4

t

2

( )


oleObject18.bin

oleObject196.bin

image219.emf



g t( ) = t 2 − t( ) 1+ 4t( )










g

t

()=

t

2

-

t

( )

1

+

4

t

( )


oleObject197.bin

image220.emf



ge t( ) = t 2 − t( ) 1+ 4t( ) + −t( ) 2 + t( ) 1− 4t( )
2










g

e

t

()

=

t

2

-t ( )

1

+

4

t ( )+-t ( )

2

+t ( )

1

-

4

t ( )

2


oleObject198.bin

image221.emf



ge t( ) = 7t 2










g

e

t

()

=

7

t

2


oleObject199.bin

image222.emf



go t( ) = t 2 − t( ) 1+ 4t( )− −t( ) 2 + t( ) 1− 4t( )
2










g

o

t

()

=

t

2

-t ( )

1

+

4

t ( )--t ( )

2

+t ( )

1

-

4

t ( )

2


oleObject200.bin

image223.emf



go t( ) = t 2 − 4t 2( )










g

o

t

()

=

t

2

-

4

t

2

( )


image19.emf



  e2− j6










  

e

2

-

j6


oleObject201.bin

image224.emf



g t( ) = 20 − 4t
2 + 7t



1+ t










g

t

()

=

20

-

4

t2

+

7

t

1

+

t


oleObject202.bin

image225.emf



ge t( ) =
20 − 4t 2 + 7t



1+ t
+ 20 − 4t



2 − 7t
1+ −t



2
=



40 − 8t 2



1+ t
2



= 20 − 4t
2



1+ t










g

e

t

()

=

20

-

4

t2

+

7

t

1

+

t

+

20

-

4

t2

-

7

t

1

+-

t

2

=

40

-

8

t2

1

+

t

2

=

20

-

4

t2

1

+

t


oleObject203.bin

image226.emf



go t( ) =
20 − 4t 2 + 7t



1+ t
− 20 − 4t



2 − 7t
1+ −t



2
=



14t
1+ t
2



= 7t
1+ t










g

o

t

()

=

20

-

4

t2

+

7

t

1

+

t

-

20

-

4

t2

-

7

t

1

+-

t

2

=

14

t

1

+

t

2

=

7

t

1

+

t


oleObject204.bin

image227.emf



g −t( )










g

-

t

( )


oleObject205.bin

image228.emf



g t( )










g

t

()


oleObject19.bin

oleObject206.bin

image229.emf



g −t( )










g

-

t

( )


oleObject207.bin

image230.emf



g t( )










g

t

()


oleObject208.bin

image231.emf



t



g(t)



1



1










t

g(t)

1

1


image232.emf



t



g(t)



21



1



-1










t

g(t)

2 1

1

-1


image233.emf



t



g (t)



1



1



t



g (t)



1



1



e



o










t

g (t)

1

1

t

g (t)

1

1

e

o


image234.emf



t



g (t)



21



1



-1



t



g (t)



21



1



-1



e



o










t

g (t)

2 1

1

-1

t

g (t)

2 1

1

-1

e

o


image235.emf



g t( )










g

t

()


image20.emf



  
e2− j6 = e2 e− j6 = e2 = 7.3891










  

e

2

-

j6=

e

2

e

-

j6=

e

2=

7.3891


oleObject209.bin

image236.emf



t
1



-1



1



-1



t
1-1



1
g(t)



Multiplication



t
1



-1



1



-1



t1
-1



-1



1



g(t)



g(t)g(t)



Multiplication



(a) (b)



t
1



-1



1



-1



t
1-1



1



-1










t

1

-1

1

-1

t

1 -1

1

g(t)

Multiplication

t

1

-1

1

-1

t

1

-1

-1

1

g(t)

g(t) g(t)

Multiplication

(a) (b)

t

1

-1

1

-1

t

1

-1

1

-1


image237.emf



t
1



1



g(t)



Multiplication



(c)



t
-1



1



t
1



1



g(t)



g(t)



Multiplication



(d)



t
1



1



t
-1



-1 1



g(t)



t-1 1



1










t

1

1

g(t)

Multiplication

(c)

t

-1

1

t

1

1

g(t)

g(t)

Multiplication

(d)

t

1

1

t

-1

-1 1

g(t)

t

-1 1

1


image238.emf



t1-1



1



-1



t
1-1



1
g(t)



Multiplication



t1



1



-1



t1



-1



1



g(t)



g(t)g(t)



Multiplication



(e) (f)



......



t1-1



1



-1



t1



1



-1



......










t

1

-1

1

-1

t

1 -1

1

g(t)

Multiplication

t

1

1

-1

t

1

-1

1

g(t)

g(t) g(t)

Multiplication

(e) (f)

... ...

t

1

-1

1

-1

t

1

1

-1

... ...


image239.emf



t
1



1



g(t)



Division Division



(g)



t
-1 -1 -1 1



1 1



g(t)



g(t)



(h)



t



1
t



π



-1 1



1



t



g(t)



t



-1










t

1

1

g(t)

Division Division

(g)

t

-1

-1

-1

1

1

1

g(t)

g(t)

(h)

t

1

t

p

-1 1

1

t

g(t)

t

-1


image240.emf



 
2 + t( )dt



−1



1



∫ = 2
even
 dt



−1



1



∫ + t
odd
 dt



−1



1



∫ = 2 2dt
0



1



∫ = 4










 

2

+

t

( )

dt

-

1

1

ò

=

2

even



dt

-

1

1

ò

+

t

odd



dt

-

1

1

ò

=

2 2

dt

0

1

ò

=

4


oleObject210.bin

image241.emf



 
4cos 10π t( ) + 8sin 5π t( )⎡⎣ ⎤⎦dt



−1/20



1/20



∫ = 4cos 10π t( )
even



   dt
−1/20



1/20



∫ + 8sin 5π t( )
odd



   dt
−1/20



1/20



∫










 

4cos10

p

t

( )

+

8sin5

p

t

( )

é

ë

ù

û

dt

-

1/20

1/20

ò

=

4cos10

p

t

( )

even

    

dt

-

1/20

1/20

ò

+

8sin5

p

t

( )

odd

   

dt

-

1/20

1/20

ò


oleObject211.bin

image242.emf



4cos 10π t( ) + 8sin 5π t( )⎡⎣ ⎤⎦dt
−1/20



1/20



∫ = 8 cos 10π t( )dt
0



1/20



∫ = 8
10π










4cos10

p

t

( )

+

8sin5

p

t

( )

é

ë

ù

û

dt

-

1/20

1/20

ò

=

8 cos10

p

t

( )

dt

0

1/20

ò

=

8

10

p


oleObject20.bin

oleObject212.bin

image243.emf



 



4 t
odd
 cos 10π t( )



even
  



odd
  



dt
−1/20



1/20



∫ = 0










 

4

t

odd



cos10

p

t

( )

even

   

odd

     

dt

-

1/20

1/20

ò

=

0


oleObject213.bin

image244.emf



 



t
odd
 sin 10π t( )



odd
  



even
  



dt
−1/10



1/10



∫ = 2 t sin 10π t( )dt
0



1/10



∫ = 2 −t cos 10π t( )
10π 0



1/10



+
cos 10π t( )
10π



dt
0



1/10



∫
⎡



⎣
⎢
⎢



⎤



⎦
⎥
⎥










 

t

odd



sin10

p

t

( )

odd

   

even

    

dt

-

1/10

1/10

ò

=

2

t

sin10

p

t

( )

dt

0

1/10

ò

=

2

-

t

cos10

p

t

( )

10

p

0

1/10

+

cos10

p

t

( )

10

p

dt

0

1/10

ò

é

ë

ê

ê

ù

û

ú

ú


oleObject214.bin

image245.emf



 



t
odd
 sin 10π t( )



odd
  



even
  



dt
−1/10



1/10



∫ == 2 1
100π



+
sin 10π t( )
10π( )2 0



1/10⎡



⎣
⎢
⎢



⎤



⎦
⎥
⎥
= 1
50π










 

t

odd



sin10

p

t

( )

odd

   

even

    

dt

-

1/10

1/10

ò

==

2

1

100

p

+

sin10

p

t

( )

10

p

( )

2

0

1/10

é

ë

ê

ê

ù

û

ú

ú

=

1

50

p


oleObject215.bin

image246.emf



 
e− t
even
 dt



−1



1



∫ = 2 e− t dt
0



1



∫ = 2 e− t dt
0



1



∫ = 2 −e− t⎡⎣ ⎤⎦0
1
= 2 1− e−1( ) ≈1.264










 

e

-t

even



dt

-

1

1

ò

=

2

e

-t

dt

0

1

ò

=

2

e

-t

dt

0

1

ò

=

2

-

e

-t é

ë

ù

û

0

1

=

21

-

e

-

1

( )

»

1.264


oleObject216.bin

image247.emf



 



t
odd
 e



− t



even




odd




dt
−1



1



∫ = 0










 

t

odd



e

-t

even



odd



dt

-

1

1

ò

=

0


image21.emf



   
!e2− j6 = !e2



=0
" +!e− j6 = tan−1 −



sin 6( )
cos 6( )



⎛



⎝
⎜



⎞



⎠
⎟ = −6 radians











oleObject217.bin

image248.emf



g t( ) = 10cos 50π t( )










g

t

()=

10cos50

p

t

( )


oleObject218.bin

image249.emf



f0 = 25 Hz , T0 = 1/ 25 s










f

0

=25Hz,T

0

=1/25s


oleObject219.bin

image250.emf



g t( ) = 10cos 50π t +π / 4( )










g

t

()=

10cos50

p

t

+p

/4

( )


oleObject220.bin

image251.emf



f0 = 25 Hz , T0 = 1/ 25 s










f

0

=25Hz,T

0

=1/25s


oleObject221.bin

image252.emf



g t( ) = cos 50π t( ) + sin 15π t( )










g

t

()=

cos50

p

t

( )+

sin15

p

t

( )


oleObject21.bin

oleObject222.bin

image253.emf



f0 = GCD 25,15 / 2( ) = 2.5 Hz , T0 = 1/ 2.5 = 0.4 s










f

0

=

GCD25,15/2

( )=

2.5Hz,

T

0

=

1/2.5

=

0.4s


oleObject223.bin

image254.emf



g t( ) = cos 2π t( ) + sin 3π t( ) + cos 5π t − 3π / 4( )










g

t

()=

cos2

p

t

( )+

sin3

p

t

( )+

cos5

p

t

-

3

p

/4

( )


oleObject224.bin

image255.emf



f0 = GCD 1,3 / 2,5 / 2( ) = 1/ 2 Hz , T0 =
1
1/ 2



= 2 s










f

0

=

GCD1,3/2,5/2

( )

=

1/2Hz,

T

0

=

1

1/2

=

2s


oleObject225.bin

image256.emf



g t( ) = 3sin 20t( ) + 8cos 4t( )










g

t

()=

3sin20

t

( )+

8cos4

t

( )


oleObject226.bin

image257.emf



  
f0 = GCD 10



π
, 2
π



⎛
⎝⎜



⎞
⎠⎟
= 2
π



 Hz , T0 = π / 2 s










 

 

f

0

=

GCD

10

p

,

2

p

æ

è

ç

ö

ø

÷

=

2

p

 Hz , 

T

0

=p

/2 s


image22.emf



  



100
8+ j13










  

100

8

+

j13


oleObject227.bin

image258.emf



g t( ) = 10sin 20t( ) + 7cos 10πt( )










g

t

()=

10sin20

t

( )+

7cos10

p

t

( )


oleObject228.bin

image259.emf



  
f0 = GCD 10



π
,5



⎛
⎝⎜



⎞
⎠⎟
= 0 Hz , T0 →∞  ,  ∴g t( )  is not periodic










 

 

f

0

=

GCD

10

p

,5

æ

è

ç

ö

ø

÷

=

0 Hz , 

T

0

®¥

  ,  

\

g

t

()

 is not periodic


oleObject229.bin

image260.emf



g t( ) = 3cos 2000πt( )− 8sin 2500πt( )










g

t

()=

3cos2000

p

t

( )-

8sin2500

p

t

( )


oleObject230.bin

image261.emf



  f0 = GCD 1000,1250( ) = 250 Hz , T0 = 4 ms










 

 

f

0

=

GCD1000,1250

( )

=

250 Hz , 

T

0

=

4 ms


oleObject231.bin

image262.emf



g1 t( )  is periodic with fundamental period T01 = 15µs
g2 t( )  is periodic with fundamental period T02 = 40µs










g

1

t ()

 is periodic with fundamental period 

T

01

=

15

ms

g

2

t

()

 is periodic with fundamental period 

T

02

=

40

m

s


oleObject22.bin

oleObject232.bin

image263.emf



  
T0 = LCM 15µs,40µs( ) = 120µs , f0 =



1
120µs



= 83331
3



 Hz










 

 

T

0

=

LCM15

m

s

,40

m

s

( )

=

120

m

s

 , 

f

0

=

1

120

m

s

=

8333

1

3

 Hz


oleObject233.bin

image264.emf



t→ −t










t®-t


oleObject234.bin

image265.emf



t→ t −1










t®t-1


oleObject235.bin

image266.emf



  cos 2πnt( )  , δ1/n t( )










 

 

cos2

p

nt

( )

 , 

d

1/

n

t

()


oleObject236.bin

image267.emf



x t( )










x

t

()


image23.emf



  



100
8+ j13



=
100



8+ j13
= 100



82 +132
= 6.5512










  

100

8

+

j13

=

100

8

+

j13

=

100

8

2

+

13

2

=

6.5512


oleObject237.bin

image268.emf



T0










T

0


oleObject238.bin

image269.emf



x t( )










x

t

()


oleObject239.bin

image270.emf



T0










T

0


oleObject240.bin

image271.emf



x t( )










x

t

()


oleObject241.bin

image272.emf



t = 220ms










t=220ms


oleObject23.bin

oleObject242.bin

image273.emf



5ms  10ms   15ms  20ms
t



x(t)
4
3
2
1



-1
-2
-3
-4



T0










5ms  10ms   15ms  20ms

t

x(t)

4

3

2

1

-1

-2

-3

-4

T

0


image274.emf



x 220ms( ) = x 220ms− n ×15ms( )










x220ms

( )=

x220ms

-

n

´

15ms

( )


oleObject243.bin

image275.emf



n = 14










n=14


oleObject244.bin

image276.emf



x 220ms( ) = x 220ms−14 ×15ms( ) = x 220ms− 210ms( ) = x 10ms( ) = 2










x220ms

( )=

x220ms

-

14

´

15ms

( )=

x220ms

-

210ms

( )=

x10ms

( )=

2


oleObject245.bin

image277.emf



x t( ) = 2rect t( )










x

t

()=

2rect

t

()


oleObject246.bin

image24.emf



   
!



100
8+ j13



= !100
=0
" −! 8+ j13( ) = − tan 13



8
⎛
⎝⎜



⎞
⎠⎟
= −1.0191 radians











image278.emf



Ex = 2rect t( ) 2 dt
−∞



∞



∫ = 4 dt
−1/2



1/2



∫ = 4










E

x

=

2rect

t

()

2

dt

-¥

¥

ò

=

4

dt

-

1/2

1/2

ò

=

4


oleObject247.bin

image279.emf



x t( ) = A u t( )− u t −10( )( )










x

t

()

=

A

u

t

()

-

u

t

-

10

( ) ( )


oleObject248.bin

image280.emf



Ex = A u t( )− u t −10( )( ) 2 dt
−∞



∞



∫ = A2 dt
0



10



∫ = 10A2










E

x

=

A

u

t

()

-

u

t

-

10

( )

( )

2

dt

-¥

¥

ò

=

A2 dt

0

10

ò

=

10

A2


oleObject249.bin

image281.emf



x t( ) = u t( )− u 10 − t( )










x

t

()=

u

t

()-

u10

-

t

( )


oleObject250.bin

image282.emf



Ex = u t( )− u 10 − t( ) 2 dt
−∞



∞



∫ = dt
−∞



0



∫ + dt
10



∞



∫ → ∞










E

x

=

u

t

()

-

u10

-

t

( )

2

dt

-¥

¥

ò

=

dt

-¥

0

ò

+

dt

10

¥

ò

®¥


oleObject251.bin

oleObject24.bin

image283.emf



x t( ) = rect t( )cos 2π t( )










x

t

()=

rect

t

()

cos2

p

t

( )


oleObject252.bin

image284.emf



Ex = rect t( )cos 2πt( ) 2 dt
−∞



∞



∫ = cos2 2πt( )dt
−1/2



1/2



∫ = 1
2



1+ cos 4πt( )( )dt
−1/2



1/2



∫










E

x

=

rect

t

()

cos2

p

t

( )

2

dt

-¥

¥

ò

=

cos

2

2

p

t

( )

dt

-

1/2

1/2

ò

=

1

2

1

+

cos4

p

t

( )

( )

dt

-

1/2

1/2

ò


oleObject253.bin

image285.emf



 



Ex =
1
2



dt
−1/2



1/2



∫ + cos 4πt( )dt
−1/2



1/2



∫
=0



! "## $##



⎡



⎣



⎢
⎢
⎢



⎤



⎦



⎥
⎥
⎥
= 1
2











oleObject254.bin

image286.emf



x t( ) = rect t( )cos 4π t( )










x

t

()=

rect

t

()

cos4

p

t

( )


oleObject255.bin

image287.emf



Ex = rect t( )cos 4πt( ) 2 dt
−∞



∞



∫ = cos2 4πt( )dt
−1/2



1/2



∫ = 1
2



1+ cos 8πt( )( )dt
−1/2



1/2



∫










E

x

=

rect

t

()

cos4

p

t

( )

2

dt

-¥

¥

ò

=

cos

2

4

p

t

( )

dt

-

1/2

1/2

ò

=

1

2

1

+

cos8

p

t

( )

( )

dt

-

1/2

1/2

ò


oleObject256.bin

image25.emf



G f( ) = j4 f
2 + j7 f /11










G

f

( )

=

j4f

2

+

j

7

f

/11


image288.emf



 



Ex =
1
2



dt
−1/2



1/2



∫ + cos 8π t( )dt
−1/2



1/2



∫
=0



  



⎡



⎣



⎢
⎢
⎢
⎢



⎤



⎦



⎥
⎥
⎥
⎥



= 1
2










 

E

x

=

1

2

dt

-

1/2

1/2

ò

+

cos8

p

t

( )

dt

-

1/2

1/2

ò

=

0

    

é

ë

ê

ê

ê

ê

ù

û

ú

ú

ú

ú

=

1

2


oleObject257.bin

image289.emf



x t( ) = rect t( )sin 2π t( )










x

t

()=

rect

t

()

sin2

p

t

( )


oleObject258.bin

image290.emf



Ex = rect t( )sin 2πt( ) 2 dt
−∞



∞



∫ = sin2 2πt( )dt
−1/2



1/2



∫ = 1
2



1− cos 4πt( )( )dt
−1/2



1/2



∫










E

x

=

rect

t

()

sin2

p

t

( )

2

dt

-¥

¥

ò

=

sin

2

2

p

t

( )

dt

-

1/2

1/2

ò

=

1

2

1

-

cos4

p

t

( )

( )

dt

-

1/2

1/2

ò


oleObject259.bin

image291.emf



 



Ex =
1
2



dt
−1/2



1/2



∫ − cos 4πt( )dt
−1/2



1/2



∫
=0



! "## $##



⎡



⎣



⎢
⎢
⎢



⎤



⎦



⎥
⎥
⎥
= 1
2











oleObject260.bin

image292.emf



  
x t( ) = t −1  ,  t <1



0        ,  otherwise



⎧
⎨
⎪



⎩⎪



⎫
⎬
⎪



⎭⎪










 

 

x

t

()

=

t

-

1  ,  

t

<

1

0        ,  otherwise

ì

í

ï

î

ï

ü

ý

ï

þ

ï


oleObject261.bin

oleObject25.bin

image293.emf



  
Ex = t −1



2
dt



−1



1



∫ = 2 t −1( )2
dt



0



1



∫ = 2 t2 − 2t +1( )dt
0



1



∫










 

 

E

x

=

t

-

1

2

dt

-

1

1

ò

=

2

t

-

1

( )

2

dt

0

1

ò

=

2

t2

-

2

t

+

1

( )

dt

0

1

ò


oleObject262.bin

image294.emf



  
Ex = 2 t3



3
− t2 + t



⎡



⎣
⎢



⎤



⎦
⎥



0



1



= 2 1
3
−1+1



⎛
⎝⎜



⎞
⎠⎟
= 2



3










 

 

E

x

=

2

t

3

3

-

t2

+

t

é

ë

ê

ù

û

ú

0

1

=

2

1

3

-

1

+

1

æ

è

ç

ö

ø

÷

=

2

3


oleObject263.bin

image295.emf



x t( ) = A rect t( ) + B rect t − 0.5( )










x

t

()=

A

rect

t

()+

B

rect

t

-

0.5

( )


oleObject264.bin

image296.emf



Ex = A rect t( ) + B rect t − 0.5( ) 2 dt
−∞



∞



∫










E

x

=

A

rect

t

()

+

B

rect

t

-

0.5

( )

2

dt

-¥

¥

ò


oleObject265.bin

image297.emf



Ex = A rect t( ) + B rect t − 0.5( )( )2 dt
−∞



∞



∫










E

x

=

A

rect

t

()

+

B

rect

t

-

0.5

( )

( )

2

dt

-¥

¥

ò


oleObject266.bin

image26.emf



lim
f→∞



j4 f
2 + j7 f /11



=
j4 f



j7 f /11
= 4
7 /11



= 44
7



≅ 6.285










lim

f®¥

j

4

f

2

+

j

7

f

/11

=

j

4

f

j

7

f

/11

=

4

7/11

=

44

7

@

6.285


image298.emf



Ex = A2 rect2 t( ) + B2 rect2 t − 0.5( ) + 2AB rect t( )rect t − 0.5( )( )dt
−∞



∞



∫










E

x

=

A2

rect

2t

()

+

B2

rect

2t

-

0.5

( )

+

2

AB

rect

t

()

rect

t

-

0.5

( )

( )

dt

-¥

¥

ò


oleObject267.bin

image299.emf



Ex = A
2 dt
−1/2



1/2



∫ + B2 dt
0



1



∫ + 2AB dt
0



1/2



∫ = A2 + B2 + AB










E

x

=

A2 dt

-

1/2

1/2

ò

+

B2 dt

0

1

ò

+

2

AB dt

0

1/2

ò

=

A2

+

B2

+

AB


oleObject268.bin

image300.emf



x t( )










x

t

()


oleObject269.bin

image301.emf



1-1-2-3-4 2 3 4



1



-1



-2



-3



2



3



t



x(t)










1 -1 -2 -3 -4 2 3 4

1

-1

-2

-3

2

3

t

x(t)


image302.emf



P = 1
T0



x t( ) 2 dt
t0



t0+T0



∫ = 1
3



x t( ) 2 dt
−1



2



∫ = 1
3



2t 2 dt
−1



1



∫ = 4
3



t 2 dt
−1



1



∫ = 4
3
t 3



3
⎡



⎣
⎢



⎤



⎦
⎥
−1



1



= 8
9










P

=

1

T

0

x

t

()

2

dt

t

0

t

0

+T

0

ò

=

1

3

x

t

()

2

dt

-

1

2

ò

=

1

3

2

t

2

dt

-

1

1

ò

=

4

3

t2dt

-

1

1

ò

=

4

3

t

3

3

é

ë

ê

ù

û

ú

-

1

1

=

8

9


oleObject270.bin

image303.emf



x t( ) = A










x

t

()=

A


oleObject26.bin

oleObject271.bin

image304.emf



Px = limT→∞



1
T



A 2 dt
−T /2



T /2



∫ = lim
T→∞



A2



T
dt



−T /2



T /2



∫ = lim
T→∞



A2



T
T = A2










P

x

=

lim

T®¥

1

T

A

2

dt

-T

/2

T

/2

ò

=

lim

T®¥

A2

T

dt

-T

/2

T

/2

ò

=

lim

T®¥

A2

T

T

=

A2


oleObject272.bin

image305.emf



x t( ) = u t( )










x

t

()=

u

t

()


oleObject273.bin

image306.emf



Px = limT→∞



1
T



u t( ) 2 dt
−T /2



T /2



∫ = lim
T→∞



1
T



dt
0



T /2



∫ = lim
T→∞



1
T
T
2
= 1
2










P

x

=

lim

T®¥

1

T

u

t

()

2

dt

-T

/2

T

/2

ò

=

lim

T®¥

1

T

dt

0

T

/2

ò

=

lim

T®¥

1

T

T

2

=

1

2


oleObject274.bin

image307.emf



x t( ) = Acos 2π f0t +θ( )










x

t

()

=

A

cos2

p

f

0

t

+q

( )


oleObject275.bin

image308.emf



Px =
1
T0



Acos 2π f0t +θ( ) 2 dt
−T0 /2



T0 /2



∫ = A2



T0
cos2 2π f0t +θ( )dt



−T0 /2



T0 /2



∫










P

x

=

1

T

0

A

cos2

p

f

0

t

+q

( )

2

dt

-T

0

/2

T

0

/2

ò

=

A

2

T

0

cos

2

2

p

f

0

t

+q

( )

dt

-T

0

/2

T

0

/2

ò


image27.emf



 
lim
f→0+



j4 f − 2 + j7 f /11( )⎡⎣ ⎤⎦ = limf→0+ j4 f −2[ ] = π / 2 − 0 = π / 2










 

lim

f®

0

+



j

4

f

-

2

+

j

7

f

/11

( )

é

ë

ù

û

=

lim

f®

0

+



j

4

f

-

2

[ ]

=p

/2

-

0

=p

/2


oleObject276.bin

image309.emf



Px =
A2



2T0
1+ cos 4π f0t + 2θ( )( )dt



−T0 /2



T0 /2



∫ = A2



2T0
t +
sin 4π f0t + 2θ( )



4π f0



⎡



⎣
⎢



⎤



⎦
⎥
−T0 /2



T0 /2










P

x

=

A2

2

T

0

1

+

cos4

p

f

0

t

+

2

q

( )

( )

dt

-T

0

/2

T

0

/2

ò

=

A2

2

T

0

t

+

sin4

p

f

0

t

+

2

q

( )

4

p

f

0

é

ë

ê

ù

û

ú

-T

0

/2

T

0

/2


oleObject277.bin

image310.emf



 



Px =
A2



2T0
T0 +



sin 4π f0T0 / 2 + 2θ( )
4π f0



−
sin −4π f0T0 / 2 + 2θ( )



4π f0
=0



  



⎡



⎣



⎢
⎢
⎢



⎤



⎦



⎥
⎥
⎥
= A2



2










 

P

x

=

A2

2

T

0

T

0

+

sin4

p

f

0

T

0

/2

+

2

q

( )

4

p

f

0

-

sin

-

4

p

f

0

T

0

/2

+

2

q

( )

4

p

f

0

=

0

    

é

ë

ê

ê

ê

ù

û

ú

ú

ú

=

A2

2


oleObject278.bin

image311.emf



Acos 2π f0t( )










A

cos2

p

f

0

t

( )


oleObject279.bin

image312.emf



  x t( )










 

 

x

t

()


oleObject280.bin

image313.emf



  x t( ) = t 1− t( )   ,  1< t < 5










 

 

x

t

()

=

t

1

-

t

( )

  ,  1

<

t

<

5


oleObject27.bin

oleObject281.bin

image314.emf



  
Px =



1
T0



x t( ) 2
dt



T0
∫ = 1



4
t t −1( ) 2



dt
1



5



∫ = 1
4



t4 − 2t3 + t2( )dt
1



5



∫










 

 

P

x

=

1

T

0

x

t

()

2

dt

T

0

ò

=

1

4

tt

-

1

( )

2

dt

1

5

ò

=

1

4

t4

-

2

t3

+

t2

( )

dt

1

5

ò


oleObject282.bin

image315.emf



  
Px =



1
4



t5



5
− t4



2
+ t3



3
⎡



⎣
⎢



⎤



⎦
⎥



1



5



= 1
4



3125
5



− 625
2



+ 125
3



− 1
5
+ 1



2
− 1



3
⎛
⎝⎜



⎞
⎠⎟
= 88.5333










 

 

P

x

=

1

4

t

5

5

-

t

4

2

+

t

3

3

é

ë

ê

ù

û

ú

1

5

=

1

4

3125

5

-

625

2

+

125

3

-

1

5

+

1

2

-

1

3

æ

è

ç

ö

ø

÷

=

88.5333


oleObject283.bin

oleObject284.bin

image316.emf



x t( ) = rect t − 2
3



⎛
⎝⎜



⎞
⎠⎟ − 4 rect t − 4



2
⎛
⎝⎜



⎞
⎠⎟  , 0 < t < 6










x

t

()

=

rect

t

-

2

3

æ

è

ç

ö

ø

÷

-

4rect

t

-

4

2

æ

è

ç

ö

ø

÷

 , 0

<

t

<

6


oleObject285.bin

image317.emf



0 < t < 6










0<t<6


oleObject286.bin

image28.emf



X f( ) = jf
jf +10










X

f

( )

=

jf

jf

+

10


image318.emf



x t( ) =



0 , 0 < t <1/ 2
1 , 1 / 2 < t < 3



−3 , 3< t < 7
2



−4 , 7 / 2 < t < 5
0 , 5 < t < 6



⎧



⎨



⎪
⎪
⎪



⎩



⎪
⎪
⎪










x

t

()

=

0 , 0

<

t

<

1/2

1 , 1/2

<

t

<

3

-

3, 3

<

t

<

7

2

-

4, 7/2

<

t

<

5

0 , 5

<

t

<

6

ì

í

ï

ï

ï

î

ï

ï

ï


oleObject287.bin

image319.emf



Px =
1
6
02 × 1



2
+12 × 5



2
+ −3( )2 × 1



2
+ −4( )2 × 3



2
+ 02 ×1⎛



⎝⎜
⎞
⎠⎟ =



2.5 + 4.5 + 24
6



= 5.167










P

x

=

1

6

0

2´

1

2

+

1

2´

5

2

+-

3

( )

2

´

1

2

+-

4

( )

2

´

3

2

+

0

2´

1

æ

è

ç

ö

ø

÷

=

2.5

+

4.5

+

24

6

=

5.167


oleObject288.bin

image320.emf



δ x( ) = lim
a→0



1 / a( )rect x/ a( ) , a > 0










d

x

( )=

lim

a®

0

1/

a

( )

rectx/

a

( )

,

a

>

0


oleObject289.bin

image321.emf



1/ a( )rect x / a( )










1/

a

( )

rect

x

/

a

( )


oleObject290.bin

image322.emf



δ 4x( ) = lim
a→0



1 / a( )rect 4x / a( )










d

4

x

( )=

lim

a®

0

1/

a

( )

rect4

x

/

a

( )


oleObject291.bin

oleObject28.bin

image323.emf



1/ a( )rect x/ a( )










1/

a

( )

rectx/

a

( )


oleObject292.bin

image324.emf



δ −6x( ) = lim
a→0



1 / a( )rect −6x / a( )










d -

6

x

( )=

lim

a®

0

1/

a

( )

rect

-

6

x

/

a

( )


oleObject293.bin

image325.emf



1/ a( )rect x/ a( )










1/

a

( )

rectx/

a

( )


oleObject294.bin

image326.emf



δ bx( ) = lim
a→0



1 / a( )rect bx / a( )










d

bx

( )=

lim

a®

0

1/

a

( )

rect

bx

/

a

( )


oleObject295.bin

image327.emf



1/ b










1/

b


oleObject296.bin

image29.emf



X 4( )










X4

( )


image328.emf



δ a t − t0( )( ) = 1/ a( )δ t − t0( )










d

at

-

t

0

( ) ( )

=

1/

a

( )

d

t

-

t

0

( )


oleObject297.bin

image329.emf



δ x( ) = 0 , x ≠ 0










d

x

( )=

0,

x

¹

0


oleObject298.bin

image330.emf



δ x( )dx
−∞



∞



∫ = 1










d

x

( )

dx

-¥

¥

ò

=

1


oleObject299.bin

oleObject29.bin

image30.emf



 !X 4( )











oleObject30.bin

image31.emf



X f( ) = jf
jf +10



⇒ X 4( ) = j4
j4 +10



=
4e jπ /2



10.77e j0.3805
= 0.3714e j1.19










Xf

( )

=

jf

jf

+

10

Þ

X4

( )

=

j4

j4

+

10

=

4e

j

p

/2

10.77e

j0.3805

=

0.3714e

j1.19


oleObject31.bin

image32.emf



X 4( ) = 0.3714










X4

( )=

0.3714


image1.emf



g t( ) = 7e−2t−3










g

t

()

=

7

e

-

2

t-

3


oleObject32.bin

image33.emf



 !X 4( ) = 1.19











oleObject33.bin

image34.emf



 !X f( )











oleObject34.bin

image35.emf



 
!X f( ) = lim



f→0+
!jf −! jf +10( )⎡⎣ ⎤⎦ = π / 2 − 0 = π / 2











oleObject35.bin

image36.emf



g t( )










g

t

()


oleObject36.bin

image37.emf



g −t( )










g

-

t

( )


oleObject1.bin

oleObject37.bin

image38.emf



−g t( )










-

g

t

()


oleObject38.bin

image39.emf



g t −1( )










g

t

-

1

( )


oleObject39.bin

image40.emf



g 2t( )










g2

t

( )


oleObject40.bin

image41.emf



t



g(t)



2



4



t



g(t)



1
-1



3



-3










t

g(t)

2

4

t

g(t)

1

-1

3

-3


image42.emf



t



g(-t)



-2



4










t

g(-t)

-2

4


image43.emf



t



g(-t)



1
-1



3



-3










t

g(-t)

1

-1

3

-3


image2.emf



g 3( ) = 7e−9 = 8.6387 ×10−4










g3

()

=

7

e

-

9=

8.6387

´

10

-

4


image44.emf



t



-g(t)



2



4










t

-g(t)

2

4


image45.emf



t



-g(t)



1



-1



3



-3










t

-g(t)

1

-1

3

-3


image46.emf



t



g(t-1)



31



4










t

g(

t

-1)

3 1

4


image47.emf



t



g(t-1)



1 2



3



-3










t

g(

t

-1)

12

3

-3


image48.emf



t



g(2t)



1



4










t

g(2

t

)

1

4


image49.emf



t



g(2t)



1



3



-3
2



1
2



-










t

g(2

t

)

1

3

-3

2

1

2

-


image50.emf



x t( ) = 2rect t / 4( ) , x −1( ) = 2rect −1/ 4( ) = 2










x

t

()=

2rect

t

/4

( )

,x

-

1

( )=

2rect

-

1/4

( )=

2


oleObject41.bin

image51.emf



x t( ) = 5rect t / 2( )sgn 2t( ) , x 0.5( ) = 5rect 1 / 4( )sgn 1( ) = 5










x

t

()=

5rect

t

/2

( )

sgn2

t

( )

,x0.5

( )=

5rect1/4

( )

sgn1

()=

5


oleObject42.bin

