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Problem 4.18
We consider the 1-D case first. From Eq. (4.4-6),

M—1
— Np—jerux/M
F{u);ﬁ.?};éf(x)e .

When f(x)=1and u =0, F(u)=1 When f(x) =1 and u #0,

M~1

Fluy= Y e/l Ci, M=l

x=0
This expression is 0 for any integer value of © in the range ‘LOJV"—-/{]. There are
various ways of proving this. One of the most intuitive is based on using Euler’s
formula to express the exponential term as

o= 2mutIM = cog(2mux /M) — j sin(2nux/M).

This expression describes a unit vector in the complex plane. The vector is cen-
tered at the origin and its direction dep?jis n-he value of the argument. For
any integer value of u in the range Wﬁ?\ 2 argument ranges over integer
values of x in the same range. This means that the vector makes an integer num-
ber of revolutions about the origin in equal increments. Thus, for any positive
value of cos(2rux /M), there will be a corresponding negative value of this term.
This produces a zero sum for the real part of the exponent. Similar comments
apply the imaginary part. Therefore, when f(x) =0 and u # 0, it follows that
F(u)=0. Thus, we have shown that for discrete quantities,

1 ifu=0

3“]:5(”):{ 0 ifu#0.

A similar procedure applies in the case of two variables, and we have that

1 fu=0andvr=0
0 otherwise.

5{1]:6(u»0):{

Problem 4.19

From Eq. (4.5-15), and using the exponential representation of the sine function,
we have

M—-1N-1
Flu,v) = sin (27Tugx +27mvgy ) e /A uE/ME vy N
x=0 y=0
s M—-1N-1
- -] Z [eﬂn(ugx—{»uoy)__e*jZﬂ(uox%-uoy)] g=j2nlux/M+uy/N)
2 x=0 y=0
s M—-1N~—-1
— __._]_ ejZH(Muox/M+Nvoy/N)e—ijn(ux/M—%uy/N)
2 x=0 y=0
o M—-1N-1
T Z o2 Muax [M+Nvoy [N) o =j2n{ux /M-+vy /N)
2 x=0 y=0

— :—]—:ﬁ [(l)eﬂﬂ(Muox/M-FNVoy/N)] _{__]5:5 [(Ue—jZﬂ(u(;x+voy):l

i

L (6(u+ Muo, v+ Nvo) = 5(u = Muig,v = Nuy)]

where the fourth step follows from the discussion in Problem 4.17, and the last
line follows from Table 4.3,
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