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K. Arnold — Lecture 19 for PHYS 120 in W19
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K. Arnold

Physics 120, Winter 2019, Homework 7

Due: 2018-02-28, at beginning of lab

The following problems refer to this differentiator circuit, which | introduced in lecture.
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1. Derive the complex expression for the closed loop gain G~(a)), assuming A(w) = A is constant
and large for all frequencies of interest.
Z [ L tiwc ]_1 &
g = |— [N r = -
1 1+ iwR;,C;
Zin — Rin + : — : m+in
iwCi, iwCiy,

From lecture:
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_ R
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Vin  Zp + (1 + A(w)) Zin H%Jr (1+ g)%
in

RriwCyy,
(1 +iwCRy)(1 + iwRy Ciy)

2. Derive the magnitude of the gain |(7(a))| and the phase change of the output vs input wave A¢.
What is the behavior of each as a function of frequency in the high- and low-frequency limit?

Magnitude:

w)| =
(14 iwCrRr)(1 + iwRCin) (1 — iwCsR; ) (1 — iwR i, Ciy)

w?R;CH
- 1+ w?tp)(1 + w?tf)
Where I've defined Tin = CinRin and Tf = CfRf
Low- and high-frequency limits:
= o —
WRrCrwRiyCiy  WCfRy, @

lim |G(w) | =
w—00

Phase:
Imag (5(0)))
6¢p = atan| ————=
Real (G(a)))
ReiwCyy (1 - iwCeR)(1 — iwRCin)

G(w) =

(14 iwCeRr)(1 + iwRCin) (1 — iwCrRy)(1 — iR, Cip)
1R Cin (1 — lwTy — iwTyy — a)zrmrf) W Rf m(rf + Tm) + iwRy m(l W ‘L'mTf)
B 1+ w?t)(1 + w?tf,) 1+ w?t)(1 + w?tf,)
WR;Cin(1 — w?Ty7y) (1 - w?tiy7y)

w?RsCin (17 + Tin) ) = atan( w(tr + Tin)

6 = atan<
Low- and high-frequency limits:

lim A¢p = atan( -0
w-0

1 >
w(Tf + Tin)

WTinT T

lim A¢ =atan< = f>—>—

w—00 Tin T Tf 2

3. Make two plots with frequency on the horizontal axis, one for magnitude (log-log plot) and one
for phase (linear-log plot). Make the plots for R;;, = 10k, C;;, = 0.1 uF, Ry = 100 kQ, C; =
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100 pF. Identify the frequencies such that 2f R;, Ci, = 1, and 2nf Ry Cy = 1, and show them

on the plot.
2nfR;Cin = 1= f = 159 Hz
2nfReCr=1= f =159 - 10* Hz
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