HB8-08 Solutions

4.

Three of the calculations are in an example in section 7.2

a,=1—e"1 ~0.632
a1 =1-2e"Y2 4 e »0.155
as =1 —2e 4 4 2e73/4 _ =1 2 0.019

Now,

1/8 3/8 5/8 7/8 1
az = / et dt—/ et dt+/ et dt—/ et dt—l—/ e~ dt =~ 0.005
0 1/8 3/8 5/8 7/8

(a) The minimum ISE representation using the basis set ¢,(t), ¢1(t) is

e ! 2 0.632¢,(t) + 0.155¢1 (), 0<t<1

0.8 ﬁ

(Looks reasonable!)

(b) The minimum ISE representation using the basis set ¢2(¢), ¢5(t) is

e " 2 0.0192¢5(t) + 0.005¢3(t), 0<t<1



(This looks pretty strange, but it is the best that ¢2(t), ¢3(¢) can do in
terms of ISE.)

(¢) The minimum ISE representation using all 4 basis signals is
et & 06320 () + 0.155¢1 (£) + 0.01925(¢) + 0.005¢3(¢), 0<t<1
A plot of this looks somewhat reasonable.

Note: The point is that a presentation can be minimum ISE, but look
rather poor if the basis set is not well chosen.

5.

For orthogonality, ¢,(t) and ¢1(t) must satisfy

oo oo 1
1= / Pa(t) dt = / a? e dt = —a* =2
0 0 2



Choose a = V2

0 = / Go(t)r1(t) dt = / abe 2 +ace 3 dt
0 0

2
2
= b:_§C
= 2 1
L = </>§(t)dt=/ b e +2bce ™ + e dt = b2+fbc+*cg
0 0 3 4
= 40 +4 +102
18 9 4
= ? = 36

Choosec=6 = ©b=-4
(Other sign choices give other correct answers.)

2.
(a) If 2(t) = —x(—t), then

T,/2 ,
T = —/ t)eIkwol gt
T, /2
T,/2
— _7/ —jkwot dt
T, /2
Let 7= —t
T,/2
Ty = _7/ (r)e ke =) (—dr)
T, /2
T,/2
_ _7/ —j(—k)waf dr
T, /2
= —x_k

(This implies that z, = 0. Also, since z_j = x}, this implies the z;’s have
zero real part.)

(b) If 2(t) = —2(t + L), then

I ikwot
T = — x(t)e 7ot dt

7 |

1

T,

T,/2 . 1 (Te/2 .
/ —Ikwot g 4 —/ z(t)e Ikwet gt
0 TO 0



The first term can be written as

1 To " 1 To/2 T, . 1 To "
fo/o x(t)e IRl dt = i/o —x(t + ?)eﬂ wol dt + i/ x(t)e IRwot gt

T,/2
Let 7=t+ Lo
1 [T :
- —l'(T)e_ka"(T_TO/2) dr
1o J1,)2
1 [T : ;
= — x(r)e IkweT dr (—eItT)
T, To/2
If k is even, —e/km = —1 and this cancels the second term to give z;, = 0
for k even.
(c) If 2(t) = z(—t), then
T,/2
T = 7/ e~ IRwot gt
T, /2
T,/2
— _7/ 7jkwot dt
T, /2
Let 7= —t
1 7TD/2 )
T = — z(r)e IR (=) (—dr)
T, To/2
T,/2
— ,7/ Je —i(=F)woT 1
T, /2
3.
(a) The fundamental period for Z(t) is also Ty,
To = —/ — [ 2z(t—3)+1dt
To
= 2 ?/ (t—3)dt+—/1dt72wo+1
For k £ 0
B o= & /TO &(t)eThwel qt
T, Jo

I ikwot LT
- 2 t—3)e IRl qt 4 — A
To/o ot =3)e +To/o ‘
—_—
=0

-3
. 1 . s
= 2e Jkwod __ x(r)e IkweT dr = 2= IRwod gy
0J-3



(b)

Flip and shift does not change the fundamental period, so T, = To, Wo =

Wo-
1 T, N
iy = T/ &(t)e Ikeet dt
T, Jo
I "
= — x(1 —t)e Ikt gt
7
Let t=1-1
1 1T .
Tp = To/l x(T)e*j(*k)“’” dr
= e Thwoy

The derivative signal will have the same fundamental period.

1 [T kot 1o ikwot
B = - / B (t)e=Tkoo dt:—/ (t)e Rt gy
T, Jo T Jo

1 : jkw, [T ;
= Za(t)e et fo 42 /0 a(t)e et

By integration-by-parts.

Now, the first term gives zero since both factors are T,-periodic. Thus

[T ;
= (jkwo)f/ x(t)e*jk“"’ dt = (jkwo)xk
o Jo

If 2(¢) has a nonzero DC term, then &(t) = ff

assume that
/ 2(#)dt = 0
To

Then Z(t) is periodic with period T, =T, and &, = w,. Following the
hint:

-, (o) do blows up. so we

For k #£0
1 T, s 1 T, t )
Zp = ?o/o B(t)e k@l gt = ?o/o /_oo z(0) doe Ikt gt
Let,
vo= /:c, du = e kwot
e Jkwot
and dv = 1z, u=—

—jkw,



(7

Jhwo

)

efjkwoO 4

T e

A 1/t ()d(_l)ijkWt|T+ 1 1/To (t)*jkwtdt
- — ot |To = (1) e~ Ikwo
T, )T ke, O Tikws Ty Jy
1t -1 ; 10
_ —jkwoTo _ _—
=7 [m x(o) da(jkwo)e ~ T [m x(o) do
1
T ke,

For k£ = 0, a similar calculation shows that £, = 0. Thus

P 0, k=0
k= jk%oxk, k#0
Assuming z, =0
(e) &(t) = w(t + &)

(Shifted signal has same T,, w,.)
FS coefficients for Z(t) are

1 T -
2 = T/ &(t)e k@t dt
To 0
1 [T T ‘
= — t+ 2)e IR gt
TO/O ot + 5 )e

T,
let 7 =1+ %
1 3TO/2 ) .
T = o J;(T)e_]k“"’(T_TT) dr
o JT,/2

. TO .
= e = e* Ty = (—1)kay,

T



