PURDUE

ECE 63700

Exam #1, February 20, Spring 2026

NAME PUID

Exam instructions:
e A fact sheet is included at the end of this exam for your use.
¢ You have 50 minutes to work the exam.
e This is a closed-book and closed-note exam. You may not use or have access to your book, notes, any
supplementary reference, a calculator, or any communication device including a cell-phone or computer.
¢ You may not communicate with any person other than the official proctor during the exam.

To ensure Gradescope can read your exam:
e Write your full name and PUID above and on the top of every page.
o Answer all questions in the area designated for each problem.
o Write only on the front of the exam pages.
e DO NOT run over to the next question.




Name/PUID: Key
Problem 1.(30pt) Starter Problems

Answer each problem below for a,b € R with a > 0 and b > 0.

Problem 1a) Give the CTFT of s(t) = rect(at).

Solution:

S(f) = F;sindf/a)

Problem 1b) Give the CTFT of s(t) = sinc(at).

Solution:

S(f) = rzrecuf/w

Problem 1c) Give the CSFT of s(z,y) = d(z).

Solution:

S(u,v) = d§(v)

Problem 1d) Give the CSFT of s(x,y) = sinc(ax) sinc(by).

Solution: .
S(u,v) = —brect(u/a)rect(vb)
a

Problem 1e) Calculate s(t) = sinc(at) * sinc(bt).

Solution:

s(t) = msine (min(a, b)t)



Name/PUID: Key
Problem 2.(30pt) DSFT and DTFT

Let g(m,n) be a 2D discrete space function with a DSFT defined by

G(u,v) = DSFT [g Z Z (m, n)e I trmvn}
R<m’ V) = DTFT, [g(" )] = Z g(m7 n)e_jlm

o0

C(jn) = DTFT[g(- )] = 3 glm,n)e "

= Z g(mvn)

n=—oo

> plm)e

m=—00

Problem 2a) Calculate a simplified expression for R(m,0). What does it mean?

Solution: .

R(m,0) = Z g(m,n)

n=—oo

The zero frequency (i.e., the DC frequency) for the m' row corresponds to the sum over the
m' row.

Problem 2b) Calculate a simplified expression for C'(0,n). What does it mean?

Solution: The zero frequency (i.e., the DC frequency) for the n'* column corresponds to
the sum over the n'* column.

Problem 2c) Prove that DSFT [¢(-,-)] = DTFT, [DTFT, [¢(-, )]].




Solution:

DTFT, [DTFT, [¢(-, )] = DTFT,

Z g(m,n)ej””]
= Z [Z g(m,n)e_j””] e IKm

m=—0o0 |NnN=—0o0

= E 5 mne”’”e Jum

m=—0o0 N=—00

— Z Z m, n e —j{vntpum}

Mm=—00 N=—00

= G(’/? H)

Problem 2d) Prove that p(m) = R(m,0).

Solution:
R(m,0) = g(m,n)e "
= Z g(man)
= p(m)
Problem 2e) Prove that P(u) = G(,0).
Solution:
P(u)= Y p(m)esrm
= Z R(m,0)e7mm
-y {z e i

= E E g(m,n)e —3(On-+pum)

m=—0o0 N=—00

= G(u,0)



Name/PUID:
Problem 3.(24pt) 2D Plane Waves

Consider a 2D plane wave with the form
g(x,y) = cos (2mrx P, cos 0 + 2wy P,sinf) .

The 2D wave is then sensed along the plane x = 0 to form the 1D signal s(y) = ¢(0,y), and
define S(f) = CTFT [s()].

Problem 3a) Sketch the 2D wave g(z,y). Label the period of the wave p, = P% and its
angle # on the sketched plot.

Solution:

Po =5

Py =P sing

v

Problem 3b) Calculate the function s(y).

Solution:
s(y) = cos(2myv,)

where v, = P, sin 6.

Problem 3c) Calculate the function M(f) = [S(f)|.

Solution: The function s(y) = cos(2wyv,) where v, = P,sinf. So we have that

[6(f = vo) + 6(f + v,)]

and

[0(f — vo) + 6(f + v,)]



Problem 3d) Sketch the function M(f) and label important parameters of the function.

Solution:

<

M) =316 =) + 67 + v)]

| -

-V, v, = P,sinf




Name/PUID:
Problem 4.(18pt) Tomography

Consider a transmission tomographic imaging system as shown below.

KX-ray source X-ray detector \
> The Object
Aor A,
--------------------- > X

|
\__0 .

Then define:

e ) - The number of photons counted over a fixed time period when the object is present.

e )\, - The number of photons counted over the same fixed time period when the object
is removed.

e 4(z) - The density of the material in units of em™! at position x € [0, 7.

Also define, A = E[\] and A, = E [)\,] to be the expected measurements.

Problem 4a) Write an expression for the A in terms of )\, and u(t).

A= A, exp {— /OT u(t)dt}

Problem 4b) Calculate an expression y = f(\, \,) so that y ~ fOT p(x)dz.

Solution:

Solution:

A~ A= \gexp {— /OTu(t)dt}
~ Aoexp{_ / Tﬂ<t>dt}



So we have that

)\ T
—log{—} :/ p(t)dt
Ao 0
From this, we have that
)\ T
Ao 0

Problem 4c) Based on this, how should measurements from transmission CT scanners be
preprocessed?

Solution: We first make two measurements, the object scan A\, and the blank scan \,. The
blank scan is made with the object removed, and the object scan is made with the object in
place.

Then the ration of the object an blank scan is computed to produce a transmission scan
given by
A

Ao

The transmission scan falls in the range of [0, 1]

T —

The sinogram is then computed as the negative log of the transmission scan.

A
— —logT = —log =
y = —log 0853



Fact Sheet

e Function definitions

A1 for |t <1/2
rect(t) = { 0 otherwise

A [ 1=t fort| <1
Alt) = { 0 otherwise

sine(t) 2 A sin(mt)

it

X(f) = /00 z(t)e It

—00

x(t) = /_OO X (f)er* I tay

e CTFT Properties
CTFT + 4
z(—t) "= XH(=f)

w(t —to) “ET X (f)e IS0

x(at) ET ,1X<f/a>
CTFT

X(t) < z(=f)

() ot CET X (F — fo)
CTFT f)

2(ty(t) BT X(f) « Y (
() = y(t) BT X ()Y ()

2

—00

e CTFT pairs
sinc(t) cuT rect(f)

rect(t) cLr sinc(f)

Fora >0
1 o CTFT 1
o T Gap ey
o CSFT

F(u,v) = / f(z,y)e7?" wz+vy) dody

88
2

flzy) = /

8
8

| sty a5 OoX(f)Y*(f)df

F(u,v) eJ27T (wz+vy) g0 doy

e DTFT

X (e3%)

o0

= Z z(n)e Iwn

n=—00
1 [T o
— Jwyeiwn g
5 X (e?*)e?" dw

o DTFT pairs

(n+1)a"u(n)

n DTFT 1

&

a"u(n) T
DTET 1

(1 — ae—1v)?2

e Rep and Comb relations

o0

tepr [o(t)] = Y alt—kT)

k=—00

e Sampling and Reconstruction

— 2(nT)

-7 ()
=S k- kT
= ];/:i:;%ﬁ)



