[bookmark: _GoBack]
Faculty of Engineering and Technology
Department of Electrical and Computer Engineering
Communication Systems ENEE 339 

Instructor: Dr. Wael Hashlamoun

Midterm Exam
First Semester 2017-2018
Date: Wednesday 29/11/2017     	       	   		             Time: 75 minutes
Name:							                         Student #:
          	           
Opening Remarks: 
· Calculators are allowed, but mobile phones, books, notes, formula sheets, and other aids are not allowed.
·  You are required to show all your work and provide the necessary explanations everywhere to get full credit.

Problem 1: 25 Points
The Fourier transform  of a signal g(t) is given by:



a. Find the absolute bandwidth of g(t)
b. Find the equivalent rectangular bandwidth of g(t).
c. Use the time-bandwidth relationship to find the equivalent effective time duration of g(t)
d. The signal  is passed through an ideal low pass filter with bandwidth W, find the filter output.

Problem 2: 25 Points
The message signal  along with the carrier signal  are applied to an upper single sideband modulator to generate the modulated signal s(t):

a. Find the average power of m(t).
b. Find the bandwidth of m(t)
c. Find the time-domain expression of the modulated signal s(t).
d. Explain how m(t) can be recovered from s(t) without distortion. Use a block diagram to illustrate your method.




Problem 3: 25 Points
The Fourier transform of a message m(t) is given as:


This message is applied to a double sideband modulator along with the carrier  to produce the modulated signal 

a. Find the message m(t).
b. Find the time-domain representation of s(t)
c. Find and sketch  , the Fourier transform of . 
d. Find the transmission bandwidth
e. If  is applied to an ideal envelope detector, find its output.

Problem 4: 25 Points 
Consider the FM signal . The FM modulator sensitivity is . The modulated signal  is passed through an ideal bandpass filter with bandwidth 500 Hz centered at the carrier frequency  Hz to produce the signal 

a. Find the instantaneous frequency of 
b. Find the message m(t)
c. Find the peak frequency deviation of .
d. Find the filter output 
e. Find the fraction of the power contained in  to that in .

Good Luck

[image: ]


[image: ]

[image: ]






1

image4.png
| TABLEAG.2  Fourier-Transform Pairs

Time Function

Fourier Transform

t
(%)
sinc (2Wr)
exp(—a)u(t), a>0

exp(=alf)), a>0

exp(—mt?)
1- U lf<T
0, =T

8(t)

Tsinc (fT)

1 f
7v=(37)
1
a+ 2af
2a
a + (2mf)?
exp(—mf?)

Tsinc3(fT)
1




image5.png
1
8(t = 1)

exp(i2f.t)
cos(2fet)

sin(2mft)

sgn(r)
L
it

u(t)

S ot - )

8(f)
exp(—j2mfty)

(= 1)

SI8(F = fo) + 8(F + £))
1

=) =87+ )]
S

jaf

—j sgn(f)

(f) rlﬂf

L5 o(r-7)




image6.emf
Table   of   Bessel   Functions    

β  J 0 (β)  J 1 (β)  J 2 (β)  J 3 (β)  J 4 (β)  J 5 (β)  J 6 (β)  J 7 (β)  J 8 (β)  J 9 (β)  J 10 (β)  

0  1  0  0  0  0  0  0  0  0  0  0  

0.1  0.9975  0.0499  0.0012  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  

0.2  0.9900  0.0995  0.0050  0.0002  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  

0.3  0.9776  0.1483  0.0112  0.0006  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  

0.4  0.9604  0.1960  0.0197  0.0013  0.0001  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  

0.5  0.9385  0.2423  0.0306  0.0026  0.0002  0.0000  0.0000  0.0000  0. 0000  0.0000  0.0000  

0.6  0.9120  0.2867  0.0437  0.0044  0.0003  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  

0.7  0.8812  0.3290  0.0588  0.0069  0.0006  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  

0.8  0.8463  0.3688  0.0758  0.0102  0.0010  0.0001  0.0000  0.0000  0.0000  0.000 0  0.0000  

0.9  0.8075  0.4059  0.0946  0.0144  0.0016  0.0001  0.0000  0.0000  0.0000  0.0000  0.0000  

1  0.7652  0.4401  0.1149  0.0196  0.0025  0.0002  0.0000  0.0000  0.0000  0.0000  0.0000  

1.1  0.7196  0.4709  0.1366  0.0257  0.0036  0.0004  0.0000  0.0000  0.0000  0.0000  0.0000  

1. 2  0.6711  0.4983  0.1593  0.0329  0.0050  0.0006  0.0001  0.0000  0.0000  0.0000  0.0000  

1.3  0.6201  0.5220  0.1830  0.0411  0.0068  0.0009  0.0001  0.0000  0.0000  0.0000  0.0000  

1.4  0.5669  0.5419  0.2074  0.0505  0.0091  0.0013  0.0002  0.0000  0.0000  0.0000  0.0000  

1.5  0.5118  0 .5579  0.2321  0.0610  0.0118  0.0018  0.0002  0.0000  0.0000  0.0000  0.0000  

1.6  0.4554  0.5699  0.2570  0.0725  0.0150  0.0025  0.0003  0.0000  0.0000  0.0000  0.0000  

1.7  0.3980  0.5778  0.2817  0.0851  0.0188  0.0033  0.0005  0.0001  0.0000  0.0000  0.0000  

1.8  0.3400  0.5815  0.30 61  0.0988  0.0232  0.0043  0.0007  0.0001  0.0000  0.0000  0.0000  

1.9  0.2818  0.5812  0.3299  0.1134  0.0283  0.0055  0.0009  0.0001  0.0000  0.0000  0.0000  

2  0.2239  0.5767  0.3528  0.1289  0.0340  0.0070  0.0012  0.0002  0.0000  0.0000  0.0000  

2.1  0.1666  0.5683  0.3746  0.1453  0. 0405  0.0088  0.0016  0.0002  0.0000  0.0000  0.0000  

2.2  0.1104  0.5560  0.3951  0.1623  0.0476  0.0109  0.0021  0.0003  0.0000  0.0000  0.0000  

2.3  0.0555  0.5399  0.4139  0.1800  0.0556  0.0134  0.0027  0.0004  0.0001  0.0000  0.0000  

2.4  0.0025  0.5202  0.4310  0.1981  0.0643  0.016 2  0.0034  0.0006  0.0001  0.0000  0.0000  

2.5  - 0.0484  0.4971  0.4461  0.2166  0.0738  0.0195  0.0042  0.0008  0.0001  0.0000  0.0000  

2.6  - 0.0968  0.4708  0.4590  0.2353  0.0840  0.0232  0.0052  0.0010  0.0002  0.0000  0.0000  

2.7  - 0.1424  0.4416  0.4696  0.2540  0.0950  0.0274  0.006 5  0.0013  0.0002  0.0000  0.0000  

2.8  - 0.1850  0.4097  0.4777  0.2727  0.1067  0.0321  0.0079  0.0016  0.0003  0.0000  0.0000  

2.9  - 0.2243  0.3754  0.4832  0.2911  0.1190  0.0373  0.0095  0.0020  0.0004  0.0001  0.0000  

3  - 0.2601  0.3391  0.4861  0.3091  0.1320  0.0430  0.0114  0.0025  0.0005  0.0001  0.0000  

3.1  - 0.2921  0.3009  0.4862  0.3264  0.1456  0.0493  0.0136  0.0031  0.0006  0.0001  0.0000  

3.2  - 0.3202  0.2613  0.4835  0.3431  0.1597  0.0562  0.0160  0.0038  0.0008  0.0001  0.0000  

3.3  - 0.3443  0.2207  0.4780  0.3588  0.1743  0.0637  0.0188  0.0047  0.0010  0.0002  0.0000  

3.4  - 0.3643  0.1792  0.4697  0.3734  0.1892  0.0718  0.0219  0.0056  0.0012  0.0002  0.0000  

3.5  - 0.3801  0.1374  0.4586  0.3868  0.2044  0.0804  0.0254  0.0067  0.0015  0.0003  0.0001  

3.6  - 0.3918  0.0955  0.4448  0.3988  0.2198  0.0897  0.0293  0.0080  0.0019  0.0004  0.0001  

3.7  - 0.3992  0.0538  0.4283  0.4092  0.2353  0.0995  0.0336  0.0095  0.0023  0.0005  0.0001  

3.8  - 0.4026  0.0128  0.4093  0.4180  0.2507  0.1098  0.0383  0.0112  0.0028  0.0006  0.0001  

3.9  - 0.4018  - 0.0272  0.3879  0.4250  0.2661  0.1207  0.0435  0.0130  0.0034  0.0008  0.0002  

4  - 0.3971  - 0.0660  0.3641  0.4302  0.2811  0.1321  0.0491  0.0152  0.0040  0.0009  0.0002  

4.1  - 0.3887  - 0.1033  0.3383  0.4333  0.2958  0.1439  0.0552  0.0176  0.0048  0.0011  0.0002  

4.2  - 0.3766  - 0.1386  0.3105  0.4344  0.3100  0.1561  0.0617  0.0202  0.0057  0.0014  0.0003  

4.3  - 0.3610  - 0.1719  0.2811  0.4333  0.3236  0.1687  0.0688  0.0232  0.0067  0.0017  0.0004  

4.4  - 0.3423  - 0.2028  0.2501  0.4301  0.3365  0.1816  0.0763  0.0264  0.0078  0.0020  0.0005  

4.5  - 0.3205  - 0.2311  0.2178  0.4247  0.3484  0.1947  0.0843  0.0300  0.0091  0.0024  0.0006  

4.6  - 0.2 961  - 0.2566  0.1846  0.4171  0.3594  0.2080  0.0927  0.0340  0.0106  0.0029  0.0007  

4.7  - 0.2693  - 0.2791  0.1506  0.4072  0.3693  0.2214  0.1017  0.0382  0.0122  0.0034  0.0008  

4.8  - 0.2404  - 0.2985  0.1161  0.3952  0.3780  0.2347  0.1111  0.0429  0.0141  0.0040  0.0010  

4.9  - 0.2097  - 0.3147  0.0813  0.3811  0.3853  0.2480  0.1209  0.0479  0.0161  0.0047  0.0012  

5  - 0.1776  - 0.3276  0.0466  0.3648  0.3912  0.2611  0.1310  0.0534  0.0184  0.0055  0.0015  
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rigonometric tities

exp(£jf) = cos = jsin
cos 0 = 3[exp(j0) + exp(—j6)]
: 1 . .
sinf = ;r.[cxp(/o) — exp(—j6)]
sin? + cos?6 = 1
cos® § — sin® § = cos(26)
cos?§ = 3[1 + cos(26)]
sin 6 = 3[1 — cos(26)]
2sin 6 cos 6 = sin(26)
sin(a = B) = sinacos f = cosasinf
cos(a + B) = cosacos B F sinasin
tana * tan B
1F anatan B
sinasin B = }[cos(a — B) — cos(a + B)]
cos acos f = y[cos(a — B) + cos(a + )]
sinacos B = L[sin(a — B) + sin(a + B)]

tan(a = B) =




