12. DNTI AND THE 2EET:

Double Null Triple Injection and the Two Extra Element
Theorem

A short and easy way to find the poles and zeros of a circuit
containing two reactances
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1CE with C; and Cy
Use the 2EET to add C; and C,

=120 -Ay,us Rg and Rp are already absorbed

i & . : :

1+8 _ into a Thevenin equivalent

ai
R¢|R Ry 2 10k
+ 4S6U\1?ﬂ df IE Aym = R aﬁLR =62 = 36dB
C _> r, Rg + Rp r+ 15+’BB
36
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For C; alone, results are already known:

) —Av% —_ S5 _ s/2rx
Vv Av — Avm G;Z — 36dB 880/]\241‘12
E 1+50 1+ ik
Ry <10k R P R
Ay =——B 2L _62=36dB
Rg+Rp , _ Rs|Rp
Z =00 " +5 ZH=00
R Rnf_ =1, /| a=36Q Rdlz_ =mR; =620k
ARG o1 _ Rs|Rp |+ By,
= — 1= = =
: CtRflz =0 P CtRfl > Rg HRB |7 |RL
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For C; alone:

s/2x
1+ 140kHz

=62 = 36dB

These results are obtainable by inspection;

no algebra is required.
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Rs|Rp |1+ By, _
RS HRB Hrm HRL

With the corner frequencies for C; and C; separately now known,

only K,, and K; remain to be found.

Since C; does not contribute a zero, K,, is irrelevant, and
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For C; and C;:

Rg|Rp |1+ By,

m= =
RS HRB Hrm HRL
__S
[0)
Av - Avm S S ; s S
1+wp1 +wp2 +Kda)p]a)pz
where
Z,=0 Z1=0
K = Rdlz = RL = 1 or K = Rdzl = RS HRB Hrm HRL — 1
d R§12=°° mRy; m d R§21=°° Rg HRB A+ By, m
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For C; and C;:

Rs|Rp 1+ B)ry _

RS HRB Hrm HRL
_ s
()
Ay = Aym ;
2
1+ L+ 1 454 1 |5
( a)pl C()pz mwpla)pz
The Q of the quadratic is
1
_ \/ma’pla’pz 1 \ Pp1Dp2
Q_ 1 + 1 _\/ma) 1+ @yo
Wp1 O p p
0.5 : .
In general, Q,,,x = =, and since m > 1 the quadratic always has real roots.
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For C; and C;:

Av = Avm

Rs|Rp |1+ By, _
RS HRB Hrm HRL

m=

Av = Avm

2
1+ 1 4+ 1 |g4 1 S
( a)pl C()pz mwpla)pz

Here, m = 62 so the real root approximation is extremely good, and the

result can be written

Av = Avm

[1+S 1+ S

@D.A1@ m(a) +@ ))
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For C; and C;:

~—Ay0s
© o Rs|Rp |1+ Ay, _
10k Rs |Rp | [ Ry
- 1— s/2x
=36dB s/ZnSSOMst/Zﬂ
s (1+37kHz)(1+12MHz)
m( o +wp2)J

36dB 37kHz

140kHz 12 MH-

Interaction between C; and Cj; SSOMHz

" . . "
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The Exctre. Element Thesrem [EET):

En =
I+ = + =
= Zal

Fﬂu. EETC_&M ba -Ehrwﬂ_tl '113{‘[2_‘ "T_L.\Ja En:‘{‘m EIM‘IL

'-rk.zn P C:LE ET) .

Z_._-.'.'I.I_ fhl %hl_'}ul. .

A} ='q'l i %l*_‘?:*:.-.-k_“ 2 2
Tt B =2 (g Edi Bl

tazme 1T

td2

3 Z + KL 1%:' _%.

awad,| '-Ll‘i'l:m"'n-[-jl to the N Extre Elvment
T haorem (NEET)-
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“Basic” NEET Version, for N = 3 and All Ref States Short

Num

Denom

H = Hs (30a)

where

{74 Z Za
N =1 s
L [\zﬂ " Z) ¥ zna]

T 2. .% % T . T T
+ ===+ +
{ Zn1 Z(3) } ( Zn1 Z8)  Zn2 289

L { W S }
|| Ze1 253 2357

Denom = [same as Num with sub d instead of sub n].

(30b)
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NEET Version for N > 4, EE3 Ref State Open

_ 4y . oy . 33 Zy
Num=1+4 [(znl +Zn2 +Yn3) + 7 + }
{21 Z H Y D Yg}

1 2
Zﬂ.l Z'(:'zj Z'n,l YT‘EEJ 21'12 Yﬂ{.:}]
VAR Za Dy Y, Z,
+ -+ Wt : ) oo
(Z"l Ziq} In2 Zr[m] Y3 me)

Zy L2 Vs 3 Zy 4z 4
7 2V |\ T BY 2

Y 4 hYs Zil.
Zni Y 25 " Zmavy 25 }

(80a)
Zy Zy Ys Z4
A sz 7() 3 (1.2) z{u.s:) I

n2 +n3 nd
Denom = [same as Num with sub d instead of sub r]. (80b)

+

i
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