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Understanding the Derivative

Here: x(t) = sin(wt) ;. dx/dt -> The rate of change of x wrt t
Ax dt = (wrt: with respect to)
E:r_; = Imnax
|
| /
/

| / =

f 0 TI' 2 ol
- .
Sine wave

FIG. 14.1 Defining those points in a sinusoidal
waveform that have maximum and minimum

derivatives.

Note max dx/dt at wt=0,pi and 2pi
And dx/dt =0 at wt = pi/2 and 3*pi/2
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Understanding the Derivative

dax4y  dx _ | Same period and frequency
dt at | e | as the original waveform
max | al max
- | ~
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max

FIG. 14.2 Derivative of the sine wave of Fig. 14.1.

Notice that x(t) = cos(wt) and that
d/dt (sinx) = cos(x)
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Effect of Frequency on the Peak Value
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FIG. 14.3 Effect of frequency on the peak value
of the derivative.

Steeper slope = higher peak in the derivative or
Higher frequency = higher peak in the derivative
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Effect of Frequency on the Peak Value
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—— Response of the Inductor to a Sinusoidal Forcing Function —
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Response of the Inductor to a Sinusoidal Forcing Function

o mL S lnel Livgleadsipby o0y (t) = Vm*sin(wt+90deg)
Vv
‘L iL(t) = Im*sin(wt
X . e (Z (wt)
Ly 2"
= _a~~——|o0 = ™ 2r  wf
2 90° &
FIG. 14.6 .
Investigating the FIG. 14.7 For a pure inductor, the
sinusoidal response voltage across the coll leads the
of an inductive current through the coil by 90 ° .

element.
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ICPs — Inductive Reactance

P1 — Find the reactance of a 2H inductor at
a) F=60Hz
b) F=2kHz

P2 — Determine the inductance of a coil with a reactance of

a) 20 Ohms @ 2Hz
b) 5280 Ohms @ 1000Hz

P3 — Determine the frequency (in Hz) for a 10H inductor with
a) XL =50 Ohms
b) XL =3770 Ohms
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Response of the Capacitor to a Sinusoidal Forcing Function
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Response of the Capacitor to a Sinusoidal Forcing Function

O—»:‘C =" C: C leads v~ by 90°
ic(t) = Im*sin(wt+90deg) "
C 7=~ Uc = Vpsinwt Im — = K\( i/g(t) = Vm*sin(wt)
0
FIG. 14.8 Investigating the FIG. 14.9 The current of a purely

sinusoidal response of a
capacitive element.

90° .

*ELI the ICE Man

*

capacitive element leads the
voltage across the element by
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ICPs — Capacitive Reactance

P1 — Find the reactance of a 5uF capacitor for
a) F=DC

b) F=60Hz

c) F=24kHz

P2 — Find the frequency at which a 50uF capacitor has
a) Xc =342 Ohms
b) Xc =2000 Ohms

P3 — Given Vc(t) = 30*sin(200t) Volts for a 1uF capacitor, find ic(t)
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Using an Oscilloscope to Determine Network Characteristics

The oscilloscope is a 2-channel volt-meter

v; leads vg (i) by 0
{(inductive network)

(a) 7\ )] {c)

Npr = £ @) £
By placing a “sense” resistor in series with the
Input current we can measure it indirectly

Robert L. Boylestad Copyright ©2003 by Pearson Education, Inc.
Introductory Circuit Analysis, 10ed. Upper Saddle River, New Jersey 07458
All rights reserved.
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Frequency Response of The Basic Elements (ideal)

A
R
22 Q)
L5 kD7 L ©°=wl = 27F¢
5k /
/
- - L L = w #
O 2 10 15 20 f(kHz) i 10EM
FIG. 14.16 R versus f for the range 3k I — 100 mH o
of interest.
2F Increasing L
l I = 20 mH
I | I

0\ 5 [S==sopE==mt

X; =0Qatf =0Hz

FIG. 14.17 X, versus
frequency.
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Frequency Response of The Basic Elements (ideal)

A X (kQ)
5H
4
C = 0.01 uF
- |
3F o
Increasing C 1
2= v oem”
C = 0.03 uF
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‘ﬁb
I l | L
0 5 10 15 20 f(kHz)

FIG. 14.19 X versus
frequency.
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Frequency Response of The Basic Elements (more realistic)
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FIG. 14.21 Typical resistance-versus-frequency curves for carbon
composition resistors.
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Frequency Response of The Basic Elements (more realistic)
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Due to ('],

FIG. 14.22 Practical
equivalent for an inductor.

Zy =27fL _-li)'u{
C Due to C,
| | 1 1 1 1 1 -
IMHz 2MHz 4MHz [(6MHz 10MHz ;
f (log scale)
Z; =27fL

FIG. 14.23 Z, versus frequency for the
practical inductor equivalent of Fig. 14.22.
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Frequency Response of The Basic Elements (more realistic)

b Z (L))
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CT~ » I _ Inductive characteristics
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FIG. 14.24 Practical equivalent for a capacitor; (a) network;
(b) response.



