Schedule...

Exam Review

Chapters

Boolean Algebra 13.2-133
13Nov | Thu
14 Nov | Fri Recitation
15 Nov | Sat
16 Nov | Sun
17 Nov | Mon 22 Combinational Logic 13.3-135
18 Nov | Tue

ECEN 301

Discussion #20 — Exam 2 Review

BYU

Electrical Engineering
Computer Engineering



Ask

Alma 5:26

26 And now behold, | say unto you, my
brethren, if ye have experienced a change of
heart, and If ye have felt to sing the song of
redeeming love, | would ask, can ye feel so
now?
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|_ecture 20 — Exam 2 Review

Chapters 4 — 6, 8
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Exam 2

12 — 16 November (Monday — Friday)
Chapters 4 — 6 and 8

15 questions

12 multiple choice (answer on bubble sheet!)
1 point each

3 long answer (show your work!)
4 or 5 points each

Closed book!
One 3x5 card allowed

Calculators allowed
No time limit
Study lecture slides and homework

Electrical Engineering
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Exam 2 Review...Overview

Capacitors and Inductors
Measuring Signal Strength
Phasors

Impedance

AC RLC Circuits

AC Equivalent Circuits
DC Transient Response
Frequency Response
Basic Filters

10 Op-Amps

© 0N O W=
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Computer Engineering
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Capacitors & Inductors

Inductors Capacitors
: : + L +C -
Passive sign Nl o [
convention i ——> i I_I)
I1(t
\oltage V() =L d(t) v(t) = % f I (z)d 7+ V(L)
: 1 ¢ :
curent | 0= [w@dr+i6) | i =c Y
. di(t dv(t
Power P (t)=Li ('[)L P.(t) =Cv(t) —— (t)
dt dt
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Capacitors & Inductors

Inductors Capacitors
1., 1 ,

Energy W, (t) = E Li(t) We (t) = E Cv(t)
An instantaneous change Current \oltage
IS not permitted in:
Will permit an \oltage Current
Instantaneous change in:
With DC source element Short Circuit Open Circult
acts as a:

ECEN 301

Discussion #20 — Exam 2 Review
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Capacitors & Inductors

1. What is the difference between the voltage and
current behaviour of capacitors and inductors?

Electrical Engineering
Computer Engineering
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Capacitors & Inductors

1. What is the difference between the voltage and

current behaviour of ca

nacltors and inductors?

5.0

4.0

3.0

2.0

1.0

0.0

0.00

_—
/
/
/

2.00 4.00 6.00

0.5

0.4

\

0.3

\

0.2

\

0.1

T

2.00

0.0

0.00 4.00

6.00

Capacitor voltage v(t)

Inductor current i, (t)
NB: neither can change instantaneously

Capacitor current i(t)
Inductor voltage v (t)

NB: both can change instantaneously

ECEN 301

Discussion #20 — Exam 2 Review

Electrical Engineering
Computer Engineering




Capacitors & Inductors

2. find the voltage v(t) for a capacitor C = 0.5F with
the current as shown and v(0) =0

1.2

1.0

0.8 /

0.6 /

5 04 /
N4

0.0

rrent (A)

c

0.0 1.0 2.0 3.0
time (s)
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Capacitors & Inductors

2. find the voltage v(t) for a capacitor C = 0.5F with
the current as shown and v(0) =0

1.2

1.0

0.8 /

0.6 /

5 04 /
N4

0.0

rrent (A)

c

0.0 1.0 2.0 3.0
time (s)
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Capacitors & Inductors

2. find the voltage v(t) for a capacitor C = 0.5F with
the current as shown and v(0) =0

1.2

1.0

0.8 /

0.6 /

5 04 /
N4

0.0

rrent (A)

c

0.0 1.0 2.0 3.0
time (s)

v(t) =% J:idr+v(0)
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Capacitors & Inductors

2. find the voltage v(t) for a capacitor C = 0.5F with
the current as shown and v(0) =0

1.2

1.0

0.8 /

0.6 /

5 04 /
N4

0.0

rrent (A)

c

0.0 1.0 2.0 3.0
time (s)
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Capacitors & Inductors

2. find the voltage v(t) for a capacitor C = 0.5F with
the current as shown and v(0) =0
1.2 3.5
1.0 3.0 -‘-‘-‘-‘-‘-‘-‘-7]—‘
- / < 25
2’ >0 / < 20 / :
$ 0.6 & /
e / £ 15 i
3 04 / g 1.0 _/ 1
0.2 0.5 /: I
0.0 : . 0.0 ] I |
0.0 1.0 2.0 3.0 0.0 1.0 2.0 3.0 4.0
time (s) time (s)
NB: The final value of the capacitor voltage after
the current source has stopped charging the
capacitor depends on two things:
1. The initial capacitor voltage
2. The history of the capacitor current
ECEN 301 Discussion #20 — Exam 2 Review BYU 14




Measuring Signal Strength

3. Compute the rms value of the sinusoidal current
1(t) = | cos(mt)

Electrical Engineering
Computer Engineering
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Measuring Signal Strength

3. Compute the rms value of the sinusoidal current

1(t) = | cos(mt)

J_

Integrating a sinusoidal waveform /471
over 2 periods equals zero
"G

ECEN 301

Discussion #20 — Exam 2 Review

Electrical Engineering
Computer Engineering
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Measuring Signal Strength

3. Compute the rms value of the sinusoidal current
1(t) = | cos(mt)

The RMS value of any sinusoid \/— S —
signal is always equal to 0.707
times the peak value (regardless of ™~_|

phase or frequency) \
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Phasors

4. compute the phasor voltage for the equivalent voltage v (t)
v,(t) = 15cos(377t+m/4)
V,(t) = 15cos(377t+n/12)

ECEN 301 Discussion #20 — Exam 2 Review

Electrical Engineering
Computer Engineering
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Phasors

4. compute the phasor voltage for the equivalent voltage v (t)
v,(t) = 15cos(377t+m/4)
V,(t) = 15cos(377t+n/12)

1.  Write voltages in phasor notation
“0 ()
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Phasors

4. compute the phasor voltage for the equivalent voltage v (t)
v,(t) = 15cos(377t+m/4)
V,(t) = 15cos(377t+n/12)

—O
1.  Write voltages in phasor notation
vi(t) 2. Convert phasor voltages from polar to
| rectangular form (see Appendix A)

. T
_ V.(iw)=15/"=-V
,(Jjo) T

Convert to rectangular :

. T . . T
— — V =15co0s| — 15sin| —
,(Jo) (12J+J (12)

L—o
!
—O
v(t) @ —14.49 + j3.88 V
L—o0

Electrica neering
Comput ineering
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Phasors

4. compute the phasor voltage for the equivalent voltage v (t)
v,(t) = 15cos(377t+m/4)
V,(t) = 15cos(377t+n/12)

——O
1.  Write voltages in phasor notation
vi(t) @ 2. Convert phasor voltages from polar to
I rectangular form (see Appendix A)
3. Combine voltages
V(1) @

ECEN 301 Discussion #20 — Exam 2 Review BYU 21




Phasors

4. compute the phasor voltage for the equivalent voltage v (t)
v,(t) = 15cos(377t+m/4)

V,(t) = 15c08(377t+m/12) 1. Write voltages in phasor notation
2. Convert phasor voltages from polar to
— O rectangular form (see Appendix A)

Combine voltages
Convert rectangular back to polar

<
[N
~—~
~+
~
&~ W

ECEN 301 Discussion #20 — Exam 2 Review BYU
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Phasors

4. compute the phasor voltage for the equivalent voltage v (t)
v,(t) = 15cos(377t+m/4)

V,(t) = 15c08(377t+m/12) 1. Write voltages in phasor notation
2. Convert phasor voltages from polar to
I O rectangular form (see Appendix A)

Combine voltages
Convert rectangular back to polar

<
[N

~—~
~+
~
&~ W

o1

Convert from phasor to time domain
w0 (5
| : _ NB: the answer is NOT
simply the addition of
ﬂ the amplitudes of v,(t)
Q — and v,(t) (i.e. 15 + 15),
—O and the addition of their
/ phases (i.e. n/4 + /12)
vy(t)
| Bring ot back
ECEN 301 Discussion #20 — Exam 2 Review BYU 23




Phasors

4. compute the phasor voltage for the equivalent voltage v (t)
v,(t) = 15cos(377t+m/4)
V,(t) = 15cos(377t+n/12)

Vs(ja)):28.984%
14.49 | ™6 Vs(jo)

T
v, (t) = 28.98 cos(377t + E) L/z Re

ECEN 301 Discussion #20 — Exam 2 Review



Impedance

| @)O | @)O |@)O
+ + +
v (2 R2wo  vo () c==w w0 (5) L%w)
Lo - I - Lo
I(jo)
00— .
VsG‘”)@ Z |V (o)
= -

ECEN 301 Discussion #20 — Exam 2 Review
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Impedance

| |(J03)u |
o Phasor domain _ +
k(oL Vs(j(o)® Z |Vy(jo)
z, L o B
/2
R Re
) —» > T ?
2 + + +
2 R L C
-1/oC S &

ECEN 301 Discussion #20 — Exam 2 Review
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Impedance

5. find the equivalent impedance (Zgq)
o = 10%rads/s, C = 10uF, R, = 100Q, R, =504, L = 10mH

S

= ) Zeo

RZ% C i
!

Electrical Engineering
Computer Engineering
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Impedance

5. find the equivalent impedance (Zgq)
o = 10%rads/s, C = 10uF, R, = 100Q, R, =504, L = 10mH

R, T
L |::> ZEQ
! i
RZ ¢ S0
O
ECEN 301 Discussion #20 — Exam 2 Review BYU 28



Impedance

5. find the equivalent impedance (Zy)

o = 10%rads/s, C = 10uF, R, = 100Q, R, =504, L = 10mH
7

R,

: T

o7 <

NB: at this frequency () the circuit has an inductive

Impedance (reactance or phase is positive)

Electrical Engineering
Computer Engineering
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AC RLC Circuits
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AC RLC Circuits

6. find i (t) and i (t)
v,(t) = 15c0s(1500t)V, R, = 100Q, R, = 750, L = 0.5H, C = 1uF

R, L

V(1) e =

Electrical Engineering
Computer Engineering
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AC RLC Circuits

6. find i (t) and i.(t)
v,(t) = 15c0s(1500t)V, R, = 100Q, R, = 750, L = 0.5H, C = 1uF

, Rﬂ 1 ) ’L’.’ 1. Note frequencies of AC sources
\ C \ R, — | Only one AC source - @ = 1500 rad/s
V(1) —=71 | 3
15(1) I,(t)

Electrical Engineering
Computer Engineering
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AC RLC Circuits

6. find i (t) and i (t)

v,(t) = 15c0s(1500t)V, R, = 100Q, R, = 750, L = 0.5H, C = 1uF

Zy

R, L 1. Note frequencies of AC sources
2. Convert to phasor domain
o C R, Zm
t _
S
1(1) I,(t) §
\Y (Jw)

R — 1)

(o

ZRZ

i

ECEN 301 Discussion #20 — Exam 2 Review
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AC RLC Circuits

6. find i (t) and i (t)

v,(t) = 15c0s(1500t)V, R, = 100Q, R, = 750, L = 0.5H, C = 1uF

1. Note frequencies of AC sources
Zr1 Z, 2. Convert to phasor domain
r T 3. Represent each element by its impedance
V(o) Zc Zro
ﬁ) l. (o) l (o
ECEN 301 Discussion #20 — Exam 2 Review BYU




AC RLC Circuits

6. find i (t) and i (t)
v,(t) = 15c0s(1500t)V, R, = 100Q, R, = 750, L = 0.5H, C = 1uF

+ZR1‘ tZ, - 4.  Solve using network analysis
. Mesh current
S(JO‘)) +
_ i Z
a(Jco) l,(® e
ECEN 301 Discussion #20 — Exam 2 Review BYU



AC RLC Circuits

6. find i (t) and i (t)
v,(t) = 15c0s(1500t)V, R, = 100Q, R, = 750, L = 0.5H, C = 1uF

+ZR1‘ tZ, - 4.  Solve using network analysis
. Mesh current
S(JO‘)) +
_ i Z
a(Jco) l,(® e
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AC RLC Circuits

6. find i (t) and i (t)
v,(t) = 15c0s(1500t)V, R, = 100Q, R, = 750, L = 0.5H, C = 1uF

+ZR1‘ tZ - 5. Convert to Time domain
S(JO‘)) +
_ i Z
a(Jw) l,(Jo e
ECEN 301 Discussion #20 — Exam 2 Review BYU



AC Equivalent Circuits

I
—

Norton Equivalent

< +

Thévenin Equivalent

&
8
7

Iy(o)

o1 < +0l7
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AC Equivalent Circuits

NB: same procedure as equivalent resistance

ECEN 301
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AC Equivalent Circuits

NB: same procedure as equivalent resistance

ECEN 301
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AC Equivalent Circuits

NB: same procedure as equivalent resistance

ECEN 301

Discussion #20 — Exam 2 Review
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AC Equivalent Circuits

7. find the Thévenin equivalent
o = 103 Hz, R, =50Q, R, =50Q, L = 10mH, C = 0.1uF

L
RS
||
N
C +
Vy(t) R S Vi
ECEN 301 Discussion #20 — Exam 2 Review B YU 42



AC Equivalent Circuits

7. find the Thévenin equivalent
o = 103 Hz, R, =50Q, R, =50Q, L = 10mH, C = 0.1uF

1. Note frequencies of AC sources

L
RS
___—| Only one AC source - & = 103 rad/s
C +
Vy(t) R S Vi
ECEN 301 Discussion #20 — Exam 2 Review BYU



AC Equivalent Circuits

7. find the Thévenin equivalent
o = 103 Hz, R, =50Q, R, =50Q, L = 10mH, C = 0.1uF

1. Note frequencies of AC sources

2. Convert to phasor domain
| | Z,
| V4

C + S

Vs(t) R, § A |7 —@® O—Q—‘
i V(jo) =
2 ) J e

—

Electrical Engineering
Computer Engineering
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AC Equivalent Circuits

7. find the Thévenin equivalent
o = 103 Hz, R, =50Q, R, =50Q, L = 10mH, C = 0.1uF

~ 1. Note frequencies of AC sources
L 2. Convert to phasor domain
Zs 3. Find Z;
—@ @O Remove load & zero sources
ZC
? O
ECEN 301 Discussion #20 — Exam 2 Review BYU



AC Equivalent Circuits

7. find the Thévenin equivalent
o = 103 Hz, R, =50Q, R, =50Q, L = 10mH, C = 0.1uF

ZL
7 1. Note frequencies of AC sources
S .
2. Convert to phasor domain
—¢ *© 3. Find Z,
V.(jo) «  Remove load & zero sources
S Zc + 4. Find V(jo)
Vo (jo) « Remove load
NB: Since no current flows in the
? O circuit once the load is removed:
ECEN 301 Discussion #20 — Exam 2 Review BYU 46




AC Equivalent Circuits

7. find the Thévenin equivalent
o = 103 Hz, R, =50Q, R, =50Q, L = 10mH, C = 0.1uF
ZL

vsam)F L - ’—Q_‘ VT(jw)|7 —O—‘
. -

Vi =V |Z; =82.33£0.9182

~

e

Electrical Engineering
Computer Engineering
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DC Transient Response

Rl
|—-tO:)0<c>—J\/\/\,—9
+
/ Vs Q X § R2 C - \
DC Source \ ?
Switch — Energy element

ECEN 301 Discussion #20 — Exam 2 Review
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DC Transient Response — DC Steady-State

Initial condition | — Final condition

ECEN 301 Discussion #20 — Exam 2 Review — 49
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DC Transient Response — DC Steady-State

Ve (O+) = Ve (O_)
iL(O+) - iL(O_)

ECEN 301

Discussion #20 — Exam 2 Review

Computer Engineering



DC Transient Response — DC Steady-State

8. find the initial and final current conditions at the

Inductor
I, = 10mA
t=0
@
| ? WEL e
®
ECEN 301 Discussion #20 — Exam 2 Review BYU 51



DC Transient Response — DC Steady-State

8. find the initial and final current conditions at the

Inductor
I, = 10mA 1. Initial conditions — assume the
current across the inductor is in
steady-state.
t=0 ‘ g
T
- | | :
15 Ll‘ L § R =) I I'—l,
® ®
NB: in DC steady state inductors act like short
circuits, thus no current flows through R
ECEN 301 Discussion #20 — Exam 2 Review BYU 52



DC Transient Response — DC Steady-State

8. find the initial and final current conditions at the
Inductor

I, = 10mA 1. Initial conditions — assume the current
across the inductor is in steady-state.

Electrical Engineering
Computer Engineering
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DC Transient Response — DC Steady-State

8. find the initial and final current conditions at the

Inductor
I, = 10mA 1. Initial conditions — assume the current
across the inductor is in steady-state.
2. Throw the switch
(}

t=0
: i | :
ls Li = § R ::: IL\L L § R

®
NB: inductor current cannot change instantaneously
ECEN 301 Discussion #20 — Exam 2 Review BYU 54



DC Transient Response — DC Steady-State

8. find the initial and final current conditions at the

Inductor
I, = 10mA 1. Initial conditions — assume the current
across the inductor is in steady-state.
2. Throw the switch
(}
t=0

I l, L § > i l _

R L L R

§ +

®
NB: polarity of R

NB: inductor current cannot change instantaneously

ECEN 301 Discussion #20 — Exam 2 Review
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DC Transient Response — DC Steady-State

8. find the initial and final current conditions at the

Inductor
I, = 10mA 1. Initial conditions — assume the current
across the inductor is in steady-state.
2.  Throw the switch
3. Final conditions
O- @
t=0

i, I i 7L R
7 :
o o

NB: in DC steady state inductors act like short circuits

Electrical Engineering
Computer Engineering
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DC Transient Response
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DC Transient Response

9. find v (t) for all t
v, =12V, v.(0) = 5V, R = 1000Q, C = 470uF

Electrical Engineering
Computer Engineering
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DC Transient Response

9. find v (t) for all t
v, =12V, v.(0) = 5V, R = 1000Q, C = 470uF

1. DC steady-state
R a) Initial condition: v(0)
t=0 . b) Final condition: v¢(c)

v, (T C —— V()
OC .

NB: as t — o the capacitor acts like
an open circuit thus v() = vg

Electrical Engineering
Computer Engineering
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DC Transient Response

9. find v (t) for all t
v, =12V, v.(0) = 5V, R = 1000Q, C = 470uF

2. Circuit initial conditions: v-(0*)

Electrical Engineering
Computer Engineering
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DC Transient Response

9. find v (t) for all t
v, =12V, v.(0) = 5V, R = 1000Q, C = 470uF

3. Write differential equation (already in
R Thévenin equivalent) at t = 0

O—0—\\——

| f
+ C —— v¢(Y)
Vs Q i(t) i

Electrical Engineering
Computer Engineering
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DC Transient Response

9. find v (t) for all t
v, =12V, v.(0) = 5V, R = 1000Q, C = 470uF

4. Find the time constant t

Electrical Engineering
Computer Engineering
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DC Transient Response

9. find v (t) for all t
v, =12V, v.(0) = 5V, R = 1000Q, C = 470uF

5.  Write the complete response
R X(t) = x(20) + [x(0) - x(x0)]e"

O—0—\\——

| f
+ C —— v¢(Y)
Vs Q i(t) i

Electrical Engineering
Computer Engineering
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Frequency Response

H, (j0) = =123 H, (o) =142
H: (jo) = 112

ECEN 301

Discussion #20 — Exam 2 Review
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Frequency Response

10. compute the frequency response H,,(jo)
R, = 1kQ, R, = 10kQ, C = 10uF

R,

e

V(1) ﬁ) —

O

T

O

ECEN 301
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Frequency Response

10. compute the frequency response H,,(jo)
R, = 1kQ, R, = 10kQ, C = 10uF

1. Note frequencies of AC sources

Rl
l * Only one AC source so frequency
V(1) < C § R, response Hy,(jo) will be the
- function of a single frequency
ECEN 301 Discussion #20 — Exam 2 Review BYU 66




Frequency Response

10. compute the frequency response H,,(jo)
R, = 1kQ, R, = 10kQ, C = 10uF

1. Note frequencies of AC sources
2. Convert to phasor domain

R, Z, =R,

N :> ‘ Tzczlljmc

v(t) C_— SR, Vs Z p=R,

ECEN 301 Discussion #20 — Exam 2 Review 67
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Frequency Response

10. compute the frequency response H,,(jm)
R, = 1kQ, R, = 10kQ, C = 10uF

1. Note frequencies of AC sources
2. Convert to phasor domain
3. Solve using network analysis

T O «  Thévenin equivalent

Z-=1/joC

Electrical Engineering
Computer Engineering
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Frequency Response

10. compute the frequency response H,,(jm)
R, = 1kQ, R, = 10kQ, C = 10uF

Z, =R,

-

=1/joC +

VT

.
.

1.
2.
3.

Note frequencies of AC sources

Convert to phasor domain

Solve using network analysis

Thévenin equivalent

ZT :lelzc

ECEN 301

Discussion #20 — Exam 2 Review
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Frequency Response

10. compute the frequency response H,,(jm)
R, = 1kQ, R, = 10kQ, C = 10uF

Lt
V1 Vi
V, (j) =V (jo) =28
! > Z,+7,

1.
2.
3.

4.

Note frequencies of AC sources

Convert to phasor domain

Solve using network analysis
Thévenin equivalent

Find an expression for the load voltage

ECEN 301

Discussion #20 — Exam 2 Review
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Frequency Response

10. compute the frequency response H,,(jm)
R, = 1kQ, R, = 10kQ, C = 10uF

7 5.  Find an expression for the frequency
il = response
‘ +
VT VL ZLD
ECEN 301
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Frequency Response

10. compute the frequency response H,,(jm)
R, = 1kQ, R, = 10kQ, C = 10uF

5. Find an expression for the frequency

“ response
‘ +
VT VL ZLD
ECEN 301

Discussion #20 — Exam 2 Review BYU 2




Frequency Response

10. compute the frequency response H,,(jm)
R, = 1kQ, R, = 10kQ, C = 10uF

Z: 5. Find an expression for the frequency response
o »  Look at response for low frequencies (o = 10)
‘ and high frequencies (o = 10000)
+
VT VL ZLD \/ —
I o = 10000
= o =10

ECEN 301 Discussion #20 — Exam 2 Review 73



Basic Filters

OIO 0.00

Band-pass Band-stop

0.0 0.00

ECEN 301 Discussion #20 — Exam 2 Review
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Basic Filters — Resonant Frequency

Impedances in series Impedances in parallel

L
O—Y¥—@——O O —@—O
+ + + +
v;i(t) C__ vyt vi(t) LS C T v (b)
O ® O O— -@ O

ECEN 301 Discussion #20 — Exam 2 Review
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Basic Filters — Resonant Frequency

Impedances in series

O O 4= 2¥==
+ +
Vi(jo) 26070 v (jo)
o 5

ECEN 301 Discussion #20 — Exam 2 Review
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Basic Filters — Resonant Frequency

Impedances in parallel

2 =2 Ze=—"¢
O O
+ g +
Vi(jo) ZeQ™®  V(jo)
o $ 5
BYU

ECEN 301

Discussion #20 — Exam 2 Review
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Basic Filters — Low-Pass Filters

R 15t Order | ]
Low-pass A A A PR
+ +
vi(t) C__ vt
| i — O ® O
0, O 0, 0,
2"d Order [7]

v; (t) = cos(at) O— NVWN——@ O
+cos(w,t) —> V, () = cos(ayt) + 5
+CoS(wst) vi(t) C__ v,(b

O ‘ O

ECEN 301 Discussion #20 — Exam 2 Review
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Basic Filters — High-Pass Filters

High-pass Filters: only allow signals above the
cutoff frequency (m,) to pass

o 15t Order | ]
Igh-pass
e
- C -+
vi(® SR ()
[ | [ | 1 - -
@ 0, 0y O3 < d ©
2" QOrder [7]
R
V. (t) = cos(at) O | | AN, O
+cos(m,t) —> Hg(j@) [ V, (t) = cos(wst) |C| n
+CoS(wst) vi(t) - Vv (t)
O O
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Basic Filters — Band-Pass Filters

Band-pass O

|
|
+ +
’ \ Wy SR v

2"d Order [7]

V. (t) = cos(ayt)
+Cos(w,t) ‘>-—> V, (t) = cos(w,t)
+CoS(w,t)
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Basic Filters — Band-Stop Filters

Band-stop 2" Order [
_ o—e L o O
+ I I +
viEt) . %R vo_(t)
I —— I
® 0y ) O 03 O o ®

V, (t) = cos(a,t)
+cos(w,t)

V. (t) = cos(ayt)
+CoS(w,t)
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Op-Amps — Open-Loop Mode

NB: op-amps have near-infinite input resistance (R;,) and very small output resistance (R, _Ol_

Ao — open-loop voltage gain

BYU

Electrical Engineering
Computer Engineering
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Op-Amps — Closed-Loop Mode

Circult Diagram AcL
A%
Re
Inverting -
Amplifier 2 *
p @Vs v, —
o
1A%
Rg; Re
Qx
: T Ry ) v
Summing = v,
Amplifier @ e ~
= RSn : £ © —
—A\VN\—& -
Q-
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Op-Amps — Closed-Loop Mode

Circult Diagram AcL
AV
Re
. |
Noninverti = >J
oninverting ~ o
- - R +
Amplifier O v v,
| - o
\oltage ,—o—>J¥
Follower O Vo
L 5
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Op-Amps — Closed-Loop Mode

Circuit Diagram

ACL

Differential —
Amplifier
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Op-Amps — Closed-Loop Mode

Circuit Diagram

ACL

Ideal P—
Integrator ve ) *
O (0
o
N\
Re
Cs
| }_l >
Ideal " +
. . Vs
Differentiator @ v, (t)
O
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Op-Amps

11. find an expression for the gain
Cc=16F,R,=3Q,R,=2Q,C.=1/6 F

Cr
| |
| |
<—
ix(t)
\r —> + Vo(t)
: I
WO O " i
Oy —— | vV
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Op-Amps

11. find an expression for the gain
Cc=16F,R,=3Q,R,=2Q,C.=1/6 F

1. Transfer to frequency domain
2. Apply KCL at nodes a and b

: I-(J®)
Vi(jo) Z, A
1,(Jo) ZS
1(j _
Node a S(Jw)ili

NB:v,=v-and I, =0 1,0 1) (1, o

ECEN 301 Discussion #20 — Exam 2 Review



Op-Amps

11. find an expression for the gain
Cc=16F,R,=3Q,R,=2Q,C.=1/6 F

1. Transfer to frequency domain
2. Apply KCL at nodes a and b
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Op-Amps

11. find an expression for the gain
Cc=16F R,=3Q,R,=2Q,C.=1/6 F

Z=1/joC¢ :
|| 1. Transfer to frequency domain
N 2. Apply KCL at nodes a and b
- :
_ 1(jo) 3. Express 'V, in terms of V,
>
I,(®)
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Op-Amps

11. find an expression for the gain
Cc=16F R,=3Q,R,=2Q,C.=1/6 F

1. Transfer to frequency domain
2. Apply KCL at nodes a and b
3. Express V, in terms of Vg

4. Find the gain (V,/V,)

BYU
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