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ENGR-2300

Quiz 2

III. Operational Amplifier Applications (20 points)

a.

{3 pts} What type of amplifier is each circuit?
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You must include units.
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b. (6 psts) Design a non-inverting amplifier circuit with a gain of 20, specify resistor values,
the resistors must have values of >1k{). Draw the circuit schematic. Be sure to label
the input and the output. You can assume any resistor value is available. (6 pts)
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c. (6 pts) Using the ideal op amp rules, “Op Amp Analysis Rules”, determine for each circuit
below the values for V4, V., and [in. These circuits aren’t connected to each other in any
way. As with all problems, include units.
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E I You must include units. 5 P. Schoch and J. D. Rees
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d) (5 pts) For the circuit shown on the right:
i) (1pt) For what range of frequencies will this
behave as an integrator? Provide the answer in

Hertz.
[ ..—L i /O'} Vo b‘»r‘m—-!./’e«.
WS> R yc

Lo ’L,__ f?b\;’;m Ha ]

247 rC

ii) (1pt) Will it be a reasonable intergrator if V1 is a sinewave at 2kHz?

| <5 H.}.

o
iii) (3pt)For this part assume it is a good integrator. If V1 is a sinewave with an amplitude of
0.5V and a frequency of 2kHz and a phase angle at t=0 or 0 degrees, what is Vout in the form

’i‘%fr’ 2hHs 1y =2 Ak

b

Vi

of Vout=Vampsin(wt+0). In other words: Give Vamp, ®, and 6 of the output.
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IV — Concepts, Troubleshooting and Data Analysis (20 points)

a. (7 pts) Real components compared to ideal: In o B 3 7-vou
Experiment 5 you built and modeled the circuit on the o §:1 r
. e
richt. Vi .tran 0 14m9m lu L
. (:\" Rsar=0.1 5“ il
\T/PUL‘“-E(-S 10 1u lu0.010.02) d/llm ‘
i. For the LTspice model you included R1. But you ~ e

didn’t put a resistor there when you built the circuit. Why not? {1pt}
04\1 ‘;S ']':44‘ k!\‘,g’)‘hff O‘F J'K* /&1 {# 7 :“5 FE &

(}« 21 s 0/71.-5‘2 4,?7( 4 lae r”x.'} o t\/e'/ .

ii. Energy is lost as a function of time in the harmonic oscillator circuit as Vout was
oscillating. Which component in the circuit shown in part i. of this problem causes the

energy loss? {Ipt}  F, #hes < ai 4 g dla £V I ’.
y ) ¢ . 1 : .L. "
ﬁhﬂl % Tl Co / yr r-r’Lau(ﬂ "b‘:ﬁ"}u\u’ causee

-}-L‘ "»-"»jy /ar;;, |
(/—jz" e'('ff’»}r..,& VS o Junc_/ :_)1( l.\/“ v 1 T~y &thQ

iii. Continuing with the energy loss question, will the energy loss be most rapid when the
current in the inductor is at the maximum, or at OA or energy loss doesn’t depend on which

art of the oscillation? Circle one. {2pts} i - %
p p V&L” /uv&l — l ﬁ(,: }
peak energy loss at:

[;.is at a peak ;=0  doesn’t depend on which part of an oscillation (circle one)

iv. The inductor used for this circuit was a ImH inductor. If by mistake your partner used a
10mH inductor, would the resonant frequency go up or down, and by what percentage

would the frequency change, to the nearest 1%? {3pts[
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E I You must include units. 7 P. Schoch and J. D. Rees
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b. (4 pts) The plot shown above represents data taken from the accelerometer on a beam after it
has been integrated by an op-amp circuit. Note that there is a dc offset, typical of integration.
Find the decay constant o and the angular frequency o for this data. You must mark the
data points on the plot that you use for your answer. [ t / '\

e 01y Van, = 750~V 26ULT Vi Fr22.TH
}",Orh {/’4;»6' - é,d,_c‘.:nf—/fa’ t/-l/l rw C‘?tj rad}/‘ /
Y
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03 ~ |
c. (4 pts) Classroom Knowledge and Tasks: True or False, circle one. QZ ' 51 :
i.  Before beginning a lab, at least one team member must read over and be generally
acquainted with the experiment or project write-up and the other required reading

materials listed on the EILinks page. =
@ r False

ii.  The velocity of the beam can be measured by using a differentiator op amp circuit with

the accelerometer.
True oxt False

iii.  When asking for a signature on a check off page you show the instructor a live simulation
or instrumentation board measurement. Live refers to it running on your computer it the

time of the check off.
True or False

iv.  You don’t need to have done hand-drawn schematics for the first checkoff of an

experiment. —
True o@

E l You must include units. 8 P. Schoch and J. D. Rees
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|

OP27AIOPZ7E 0P27G [
Ll j-3imibo] | Just Conditions [Win, T Mac M T Mex) Unit
INPUT OFFSET VOLTAGE' Ven 10 25 30 100 | WV
LONG-TERM Ver, STABILITY- ? Ven/Time 02 10 0.4 20 | WMo
i naal L ineSS = I — 51 T
m) I +10 +40 <:15> +80 d nA )
[ 0.1 Hzto 10 Hz 008 018 ¥ 025
INPUT NOISE & fo=10Hz 35 585 38 80 | nV/AHz
Voltage Donsity' fo 30Hz 31 45 13 56 | nViHz
fio = 1000 Hz 30 38 32 45 | nViyHz
INPUT NOISE n fo= 10Hz 17 40 17 | pAryHz
Current Density® fo=30Hz 10 23 10 PA/YHZ
fo 1000 Hz 04 0.6 04 06 | pAz
TNPUT RESISTANCE T - T 1 1 -
Differential Mode* Rm 13 [3 07 4 MO
Common Mode R i 2 GO
INPUT VOLIAGE RANGE VR 10 1123 o n23 v
“COMMON-MODE REJECTIONRATIO  CMRR | Vi 111V M 126 wo 0 a8
POWER SUPPLY REJECTION RATIO PSRR Vs s4VioelBY 1 1o | 2 ;| wN
LARGE SIGNALVOLTAGE GAIN A TR=2KLVo-+10V 1000 1800 700 1500 ["Vimv K 'Ar
R »800(LVo=1+10V 800 1500 600 1500 | VimV ‘> 2.-
OUTPUT VOLTAGE SWING Vo Ro=2k0 +120 138 +115 1135 v
- R = 60000 00 4115 100 4115 Vo /? < LA L\5 = 6vD
“SLEWRATE SR R =20 17 28 (17 28 [ Wps i - _A
GAINBANDWIDTHPRODUCT®  GBW 50 80 50 80 | MHz
OPEN-LOOP OUTPUT RESISTANCE Ro Yo=0,lb=0 70 70 | a
POWER CONSUMPTION Pa Vo o0 140 100 170 | mW
OFFSET ADJUSTMENT RANGE Re=10k0 140 4.0 | mv

d. (5 pts) Part of the data sheet for the OP27 is shown. Use this to answer the following
questions. Look at typical values for the G version, OP27G.

i.  Ifthe OP27G is powered by £15V supplies and has a 10k€2 load, what are the expected
maximum and minimum output voltages you can expect to achieve? (1pt)

ii.  Ifthe load is changed to 6002, what is the expected max and min output voltages? (1pt)
. <rh 50 e GHn Lo ety + v

iii.  For the ideal op amp model what are the value of I+ and V. as
shown in the figure on the right?(1pt)
]/-r = I & = 0

A

iv.  The data sheet lists the actual expected values of [+ as
something called INPUT BIAS CURRENT. Using the largest typical value of the
INPUT BIAS CURRENT, what would be the value of V+ for this circuit? (2pt)

’f’)}/’n‘e.«'f @fnr HICnwR ) WS I SAHk “"3-\/9‘—-]-/\—:'.?_ )k

v.  (2pt) Extra credit: Given your answer above, what wou

INPUT Bias Current? F> ga'- 3Bt Baailethilog ang 28 G 4

- B r V.
s ’ (‘Tb-*\) (6 (0‘,;’“\/> —0.9uV

Ey You must include units. P. Schochand J. D. Rézs




