MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Electrical Engineering and Computer Science

6.003: Signals and Systems Spring 2004

TUuToORIAL 9

Monday, April 12 and Tuesdsy, April 13, 2004

Announcements

& There is no problem set due this week.

o Quiz 2 will be held on Thursday, April 15, 7:30 930 pan. in Walker Memorial. The quie will
cover material in Chapters 1 7 of O&W through Section 7.4, Lectures and Recitations through April
2, Problem Sets #1 6, and that part of Problem Set #7 involving problems from Chapter 7.

& The TAs will jointly hold office hours from 2 8 p.m. on Wednesday, April 14 and again from 10 am. 3
pm. on Thursday, April 15. A schedule i posted on the 6.003 web site.

&« A quiz review packapge is available on the 6.003 web site. TAs will hold two identical optional quiz
review sessions on Monday, Aprl 12 and Tueesday, April 13, T-30 %30 p.om. in 34-101.

s Because of the Patriot's Day holiday next week, there will be no tutorials next Mondasy and Tuesday,
and no lecture on Toesday.

Today’s Agenda
o Fourier Transform Pitfalls

2w factors
s Sampling Pitfalls

~ Impulses in the frequency domain
Do we really have to sample at the Nyquist rate?
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1 Fourier Transform Pitfalls

1.1 27 factors

We've seen 2m and 1,/2x factors appear all over the place in Fourier transform formulae and pot headaches
trying to remember them. They all stem from the fact that we use angular frequency w instesd of cyclic
frequency, [, where w = 2xf. We view angular frequency as being more *natural” but many practical
problems use eyelic frequency, so we need to remember when to add in factors of 27, With this convention,

we saw that the synthesis and analysis equations for the CT and DT Fourier transforms become:

Y

w0) = 5 [ XGu)eMde (CT synthes, inverse CTFT)
X{jw) = f fk.u:r.{!:}u'iu"clt (CT analysis, CTFT)

n] = E_'n L X(e™)ek™ &y (DT synthesis, inverse DTFT)
X = If z[nja " (DT analysis, DTFT)

The 27 factor i manifested in the following FT' pairs and properties:

# Value of a signal at zero time

w0} = % Iw.’-‘l‘.'-l'_fu:l:l:..l
] = % f; X (%) i

& Constant signal
) =1 <= X(jw) = 2xéw)

|
=1 < X@E@)=2r Y 8w — 2xl)

I——sma
* Complex exponentials
r(t) =t o X{jw) = 2mé{w —wy)

] =" L. X(eM) =2x 'f 8w — wo — 2xl)
[ -

& Multiplication property
B i

r(t)=splt) <2 Riw)=o [ SUPUW—0)d0 = o [S(i8) + P(i6))

rin =snbpin] o RGu) = o [ SEOPEE D) d0 = - {S() o PE)]
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2 Sampling Pitfalls

2.1 Impulses in the frequency domain

We need to be careful when there are impulses in the frequency domain. Let's comsider the simplest case
where X (jw) = Ad{w) (80 x.(t) = A/(27)) and we sample 2.(t) with period T. Hecall that we label impulses
by the arra obtained when they are integrated. 1 shall follow the convention of surrounding that value with
a pair of parentheses to remind us of this. To aid vs in the process, lets consider the impulse Ad(w) to be
the limit as A — 0 of & rectangular pulse with width A and height A/A. For our purposes here, it does not
matter how this pulse is centered:

X (ju) im gy g Xa{jw)
A (A)
E
it fel
-20 % 0

Thus, Xp(jw) has the height A/{TA), retains the width A, and is replicated; the area s now Af/(TA)-A =
AT

Apljw)

A
TA

]
- T

Fat
3 0

=5 T

lima .o Xp(jw)
()

In
B F

Finally, Xa{e"?) retains the height AS(TA), but its width is TA; the area is now Af/(TA)-TA = A:
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