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Let L denote the return ratio which has at least 2nd order roll-off at high frequency by as-
sumption. S(s) is analytic and has no zeros in RHP so log S(s) is analytic in Re(s) > 0. Let

o = op and wo = 0 in the Poisson formula (data sheet). Then:

2 [ o?

As 0 — oo the RHS converges to:
2 o0
—/ In|S(jw)|dw
T Jo

This follows basically because 0—2";7 is close to one except for large w, and In|S(jw)| — 0 as
w — oo because |S(jw)| = 1 as w — oo.
By assumption
c
L(o) ~ —
(@)~ —
for large o where k > 2, and ¢ is a real constant. Thus:
oln|S(@)] ~ —oln(l+co™%)
= —a(caﬁk +...)
= —coF 4 .
Thus
oln{S(o) — 0

as o — oc. We therefore obtain:

o0
/ In|S(jw)|dw =0
0
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2(a)(i) Write G = Do’ K = Dx’ F = Dr> H = D where numerator and denominator

polynomials have no common factor and deg(Ng) < deg(Dg), deg(Nk) < deg(Dg),
deg(NFr) < deg(DpF), deg(Ny) < deg(Dpg). We can now write:

GKH _ NNk D o
1+ GKF - NgNgNg + DgDg D

I;o y =
Inspection of the transfer function reveals two necessary conditions:

(a) Any RHP zero of G must remain in T7_, 5,

(b) T7- 3 must roll off at high frequencies at least as fast as G.

(a)(ii) Note that RHP roots of N cannot be cancelled by roots of N6Ngk Nr + DgDg D
or by poles of H which gives (a). To see (b), note that the high frequency Bode slope of
T7_, 3 is —20 dB multiplied by:

deg (NG Nk Nf + DDk Dr) — deg (NgNk Dr) 4 deg(Dy) — deg(Ny)

which in turn is

v

deg (DG Dk Df) — deg (NG Nk Dr)
= deg(Dg) — deg (Ng) + deg (Dg) — deg (Ng)

> deg(Dg) — deg (Ng).

{a)(iii) L is given, i.e. we know the product K F = C. Let us split C as follows.

(i) Put any RHP zeros of C (unlikely to be any) into F,
(ii) Put any RHP poles of C into X,
(iii) Ensure deg(Ng) = deg(Dg). This may need the introduction of cancelling LHP

poles and zeros into K and F.

This makes Ng DF a stable polynomial. If R denotes the desired transfer function 77, 5

then we can find H from the formula:

NgNgkNp + DgDg D
NgNg Dfr )

Note that H is stable with bounded high frequency gain.

H=R-
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