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ENGR-2300
Electronic Instrumentation
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Spring 2016

Solution

On all questions: SHOW ALL WORK. BEGIN WITH FORMULAS, THEN
SUBSTITUTE VALUESAND UNITS. No credit will be given for numbetbat
appear without justificatiorRead the entire quiz before answering any questions.
Also it may be easier to answer parts of questions out of order.
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A Few Imagesand Thoughtsin Honor of April Fools Day

From The Engineering Commons Podcast:

The class was quielly doing its lesson when Russell,
Mering from ot home, dio

employ an aftention-gelting device.

1 Caltech students pulled off tii&reatRoseBowl Hoaxduring the 1961 Rose Bowl football

game, causing the Uni ver sddplgymessageatsdrea ngt on’ s

altered from their intended configuration. In the final display, captured lorietelevision,

the card section spelled out “Caltech,” | eav
T In a similar prank, carried out at th884RoseBowl game the Rose Bowl scoreboard was

hacked to display the meststgajnedone‘ofGe perpetatbrs 3 8,

credit in the course, “Experiment al Projects
From XKCD:

THERE'S A CERTAIN TYPE OF THIS HRSLED ME T INVENT A On this infinite grid of

BRAIN THAT'S EASILY DISABLED,

1]
\ g/
[F 0L SHOW 1T AN
INTERESTING  PROBLEM, —~.
IT INVOLUNTRRLY [ROPS
EVERYTHING ELSE

TOWORK.ON IT

NEW SFORT:  NERD SNIPING.

GEE THAT PHYSIGIST
CRO%ING THE RoFD?

ideal one-ohm resistors

wr:at's the equivalent
resistance between the
two marked nodes?

M5... H'T. INTERESTING,
VENBE IF YU START WITH ...
NO, WAIT. HIN...voU (eD—

|
|
=

T \ILL HAVE NO
PREr INTHIS.  CMON, MAKE A

SIGN. TS FUN!
\ PHYSICISTES ARE Tho FOINTS,
MATHEMATICIANS THREE.

vy
— ~%ﬁ_‘
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National Semiconductor

LM741
Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their applica-
tion nearly foolproof: overload protection on the input and
output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

August 2000

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed over a 0°C to
+70°C temperature range, instead of -55°C to +125°C.

Connection Diagrams

Metal Can Package

DS009341-2
Note 1: LM741H is available per JM38510/10101
Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH
See NS Package Number HO8C

Typical Application

Offset Nulling Circuit

!

Dual-In-Line or $.0. Package

/

OFFSET NULL—1 8 —=NC
INVERTING INPUT—] 2 vt
NON=INVERTING — 3 6 f—=O0UTPUT

INPUT
V- —4 5 j=OFFSET NULL

D5009341-3

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JOSA, MOSA or NOSE

Ceramic Flatpak

NC I:1 [} 10:I NC
+OFFSET NULL I:2 g:I NC
-INPUTIZi LM741W j:l v+
+INPUT I:5 e:| OUTPUT
V- —] 1 -OFFSET NULL

DS009341-6

Order Number LM741W/883
See NS Package Number W10A

DS5009341-7

© 2000 National Semiconductor Corporation

Ey

DS009341

www.national.com
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-
g Absolute Maximum Ratings ote 2)
- If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
(Note 7)
LM741A LM741 LM741C
Supply Voltage t22v t22v 18V
Power Dissipation (Note 3) 500 mw 500 mw 500 mw
Differential Input Voltage 30V 30V 30V
Input Voltage (Note 4) 15V 15V 15V
Qutput Short Circuit Duration Continuous Continuous Continuous
Operating Temperature Range -55°C to +125°C -55°C to +125°C 0°C to +70°C
Storage Temperature Range -65°C to +150°C -65°C to +150°C -65°C to +150°C
Junction Temperature 150°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (Note 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Tp=25C
Rs < 10 kQ 1.0 | 5.0 20| 60 mV
Rg = 50Q 0.8 3.0 mV
Tanin < Ta < Tamax
Rg < 50Q 40 mV
Rg < 10 kQ 6.0 75 mV
Average Input Offset 15 pv/irc
Voltage Drift
Input Offset Voltage Ta =25°C, Vg = £20V 10 115 115 mv
Adjustment Range
Input Offset Current Ta=25C 3.0 30 20 | 200 20 | 200 nA
Tamin = Ta = Tamax 70 85 | 500 300 nA
Average Input Offset 0.5 nA/°C
Current Drift
Input Bias Current T, =25°C 30 80 80 | 500 80 | s00 nA
Tamin < Ta < Tamax 0.210 1.5 0.8 PA
Input Resistance Ta = 25°C, Vg = £20V 1.0 6.0 03] 20 03| 20 MQ
Tanim = Ta < Tapaxs 0.5 MQ
Vg = £20V
Input Voltage Range Ta=25C 12 | £13 \
Tamin € Ta < Tamax 12 +13 V
www.national.com 2
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-
Electrical Characteristics (Note 5) (Continued) §
—
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain Ta=25C, R 22kQ
Vg = 220V, Vo = £15V 50 VimV
Vg = 215V, V5 = £10V 50 | 200 20 | 200 VimV
Tamin = Ta < Tapax
R = 2 k@,
Vg = 220V, V5 = £15V 32 VimV
Vg = 215V, V5 = £10V 25 15 VimV
Vg = 15V, Vo = 22V 10 VimV
Qutput Voltage Swing Vg = 220V
R, = 10 kQ 16 \
R 22 kQ 115 \
Vg = 115V
R, = 10 kQ 12 | £14 12 | 14 Vv
R = 2 kQ +10 | £13 10 | £13 vV
Output Short Circuit Ta =25C 10 25 35 25 25 mA
Current Tamin < Ta € Tamax 10 40 mA
Common-Mode Tamin S Ta € Tamax
Rejection Ratio Rg £ 10 kQ, Vg = 212V 70 90 70 90 dB
Rg = 50Q, Vg = £12V 80 95 dB
Supply Voltage Rejection Tamin = Ta € Tapaxs
Ratio Vg = £20V to Vg = £5V
Rs = 50Q 86 96 dB
Rs =10 kQ 77 96 77 96 dB
Transient Response T, = 25°C, Unity Gain
Rise Time 0.25 0.8 0.3 0.3 Hs
Overshoot 6.0 20 5 5 %
Bandwidth (Note 6) Ta =25°C 0437 | 15 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 05 Vips
Supply Current Ty =25C 1.7 2.8 1.7 | 2.8 mA
Power Consumption Ta = 25°C
Vg = 220V 80 150 mw
Vg = 15V 50 85 50 85 mw
LM741A Vg = 120V
Ta = Tamn 165 mwW
Ta = Tamax 135 mwW
LM741 Vg = £15V
Ta = Tamn 60 | 100 mwW
Ta = Tamax 45 75 mwW
Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

3 www.national.com
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1. Thevenin Equivalent Voltage Source

The ThevenirEquivalent Circuit consists of
a voltage source in series with a resistor,

RL which provides a very simple replacement
g for much more complex circuits. If we have
this simple source, analyzing changing log
becomes quite easy.

I +

— o . o o o E——

7 Load

7

/]
1

|

1

|

1

|

1

\

o

In this problem, you are tanid the Theveniwvoltage and resistance farseries of related
circuits.While the circuits and their analysis are similar, treat each circuit as a separate problem.

Circuit 1: {4 pts} Find and sketch the Thevenin Equival@urtcuit for thefollowing circuit.

R20
ANV
2k
150Vvdc
Ve § RLL
— § R21 10Meg
T 1k
[ ] -
— Load

o

Remove the load, then apply the voltage divider to obtain the open circuit voltage:
1

V., =V, =——150=50/
1+2

Short out the voltage source and then find the parallel combination of R20 and R21

_ WK _ o

R 1k + 2k

E I 6 K. A. Connor and P. M. Schoch
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Circuit 2: {4 pts} Find and sketch the ThevertaguivalentCircuit for the following circuit.
Note that it is a modification of Circuit 1.

R12 R18
MWy .| - MWV
2k 1k
150Vvdc
. V3
— § R13 § R14 § RL3
T 1k 2k 10Meg
< o |
— Load
-0

Remove the load, then apply the voltage divider to obtain the open circuit voltage. First find the
parallel combinatonodR1 3 and R14 as the bottom resistor i
¢ = i150: 37.5V Note that there is

667+ 2000
no current through R18, so it does not affect the open circuit voltage. It does play a role in the
Thevenin resistance. Short out the voltage source, find the parallel combination of R12, R13,
R14( tri vi al | y ang thenadd R18dn sé&i€s@oBst= 1. 5k Q

Then the voltage divider expression gixgg =V,

Circuit 3: {4 pts} Find and sketch the ThevertaguivalentCircuit for the following drcuit.
Note that it is a modification of the previous circuits.

R1 A R8 B R9 C
MWy AW My
2k 1k 2k

150Vvdc

4 §R2 §R3 §R4 §R5 §R6 §&
T 1K 2k 2k aK 2k 10Meg

0 Load

Open circuit for \f: First find voltage at A by combining all resistors from R2 on. R9+R6 = 4k,
then this combo in parallel with R5 (also 4k) which equals 2k. That combo in parallel with R4
(also 2k) which equals 1k. That combo in series with R8 (also 1k) which equalsaZkcoffibo

in parallel with R3 (also 2k) which equals 1k. That combo in parallel with R2 (also 1k) which

E I 7 K. A. Connor and P. M. Schoch
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500 . L
equals 5000Q. The voM,t b0« BOd .€Then, gimpleAlividelss t h e n
E A 200+ 2000 P
give us each voltag¥, :ﬂSO:lw andVq, =V, :ﬂ%: 7.5/ To find
1000+1000 2000+ 2000
the resistance, shor't out the source V1 and ¢

Then add R8 in series (1.5kQ) and find the pa
11, 1,1_8,08,3_17 ThecomboisRE06Q. Thendfinadd 2k a
R 15k 2k 4k 12k 12k 12k 12K
2.7k(2Kk)

4.7k

the parallel combo with 2k oR,, = =115

Calculations: {3 pts} Determine the voltages at the nodes marked A, B and C in Circuit 3.

Already determined above. 30V, 15V and 7.5V

Application: {3 pts} Using each of youhtee ThevenircquivalentCircuits, determine the
load voltageand power deliveredtothelohdor a | oad resi stance of 2

Load voltage from voltage divider and power frorfiR/

Circuit VTH RTH RLoaD VLoAD PLoaD

1 50 667 2k 37.5 703mwW
2 37.5 1.5k 2k 21.4 229mW
3 7.5 1.15k 2k 4.76 11.3mW

All results also checked with PSpice.

Concept: {2 pts} For what load resistance will the power delivered to the load be a
maximum for Circuit 2?

Maximum power transfer occurs when the load is equal to the internal resistanee of t
sourcesoBap= 1. 5k Q

E I 8 K. A. Connor and P. M. Schoch
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2. Harmonic Oscillators and Math

$ 5

B

DI NI
g 1mH
[

A

1

starting at t = Osec, as shown. Ttgufie shows the voltage as a function of time at point A
(which is the voltage across the capacitor)

C1
1uF

We encounter the harmonic oscillator in an unlimited
number of circumstances in engineering and science. For
example, you have likely done some kind of a pendulum
experiment in Physic#&\s we have seen in class, physical
oscillators (damped springass syemslike the cantilever
bean) and RLC circuits behave the same way, although at
different frequencies. The circuit showareis made by
connecting a 1mH inductor in parallel with a 1puF capacitor.
The resistor in the circuit is the resistance of the itatuc

and is shown as a separate resistor here. That is, all circuit
elements used to model the circuit are ideal, with the R and
L used to represent the real inducfine inductor is made

by Bourns, located in Riverside, CA. The capacitor is made
by Panaswic, probably at their manufacturing plant in
Mexico. Capacitors are very low loss so there is no need to
use a resistor to model them, under most conditibims.
circuit is charged and then allowed to oscillate down,

\/oltaoe. at. A
N \ A" It UC al
\ /1
\ [\ v,
L f\ /TN
\ [\ P\ 7
. | I \ ll \ / A /
,w 3 \‘ ll \ Il \\ / \N |/
w \ ! \ / R / \Ufl
\ | W
o | I ) R/
, 7
Y
\V4

0.1ms

0.2ms

0.3ms

0.4ms 0.5ms 0.6ms 0.7ms 0.8ms 0.9ms 1.0ms

Time

The horizontal scale is timérfs full scalg and the vertical scale ig (-10V to +10\).

9 K. A. Connor and P. M. Schoch
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a. Find the decay caahséquénay aa@tshphet angudat a

Frequency: 5 periods in 1ms or 5kHz. w = 2Tnf

Decay constant: Decays from 10V to about 4V in .6nB0er*®® =4ora = 1450

b. Write the mathematical expression for tledtageat A in one ofthe forns
V(t) = Ae"® cosut or V(t) = Ae"® sinut , depending on which form fits the data better
Use real values for the constants and provide units where approfripts}

The cosine form fits bette¥/ (t) =10e*** cos3140Q VoltsTh e uni t Sbutthéreare ar e s
no units in the exponent, so it is not necessary to include them.

c. Using your expression for the voltage at A, determine the current through the capacitor as
a function of time. {4 pts}

The current through the capacitor is determined from its cuvi@tage expression:

I = C(ii—\t/ = - CAwsinut = - (0.00000)(10)(31400Qsin3140@ = - 0.314sin3140Q

d. Shown below are the voltages across the resistor and the indNeitbeer is labeled.
Determine which is which and label them in the figure. Expjaiur answerNo credit
without an explanatior{6 pts} Current tracks the resistor voltage (V=IR) s@i¥the
one that looks like a sine function, \6 the remaining curve. Note that the sign is wrong
because the current in the resistor is in the apdsection from the capacitor.

lOVN
sv" VL
R £\ b N - L,
\/ I \ A~ Voltages Across R and L
| l \ Ve
4\/' ‘ ‘ I \
[ | \ I \ J 4 \ / I\"\
o | \ [ 1] )\ I \ / X \ N
\ \ 1\ 1\ \ N\ N/~
ov \ / '\ \ [' y
¥ /] /I N N/ [/
| 1 | / /] / \t p
\I I \ \] [/ \ X / \
| WA | I \ X / A 4
\ f \ /
N \ / LUV A4
\ y A\~ 4
I\I
Y \V4

0Os 0.1ms 0.2ms 0.3ms 0.4ms 0.5ms 0.6ms 0.7ms 0.8ms 0.9ms 1.0ms
OV(LL1) 9 V(CL1,LL1)*10

E I 10 K. A. Connor and P. M. Schoch
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3. Operational Amplifier Applications

ANV
a. For the circuit shown at the right: 3
i. {1pt} What type of amplifier is this OPAMP
circuit? _CYW
Non-Inverting -0 oy —OVout
vin O——m8 )

{1pt}Write and expression for Vout asfanction of Vin.

n

R
A =1+é=1+3=4 Vou =4V,

ii. {2pts} Given that Vin is as shown in the plot below, draw Vout on the blank plot.
You must label both the y axis and also mark the signal amplitude. For both plots the
horizontal scale godsom 0O to 4ms. For the top plot, the vertical scale goes from
200mV to +200mV.

200mV

Vin
i o =
oV
G
BRI O-53
-200mV
Os 1.0ms 2.0ms 3.0ms 4.0ms
0 V(V1i+)
Time
500mV
- O0OMmMm\ -
= TTITTTV =
ov . m
o m
-500mV
Os 1.0ms 2.0ms 3.0ms 4.0ms
0 V(Vout)

Time

E I 11 K. A. Connor and P. M. Schoch
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b. For the circuit showsat the right

200mV

ov

-200mV

500mV

ov

-500mV

{1pt} What type of amplifier is this circuit?
Inverting

{1pt}Write and expression for Vout as a
functionof Vin.

Spring 2016

———— AW
3k
Vin O— OPAMP
1k
ou -OVout
I—b +
= vz
0

{2pts} Given that Vin is as shown in the plot below, draw Vout on the blank plot.
You must label both the y axis and also mark the signal amplfaddaoth plots the
horizontal scale goes from 0 to 4ms. For the top plot, the vertical scale goes from

200mV to +200mV.

Vin
O =
]
i1}
B O-53
Os 1.0ms 2.0ms 3.0ms 4.0ms
0 V(V1i+)
Time

A 300m\v N )

i m
Os 1.0ms 2.0ms 3.0ms 4.0ms
0 V(Vout2)

Time

12
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c. Forth
i

e circuit showat the right ot
{1pt} What type of amplifier is this circuit? '25nF
Integrator orActive Integrator Vin O—\Wy OPAMP
ou —-OVout
{2pt}Write and expression for Vout as a function of _;’ =
Vin. 0
Vou =~ Rlc V. (dt  V,, =-4x10"fy/,, (t)dt
in™~f

{2pts} Given that Vin is as shown in the plot below, draw Vomtthe blank plot.

You must label both the y axis and also mark the signal amplitude.

At t=0, set Vout to OVFor both plots the horizontal scale goes from 0 to 4ms. For the
top plot, the vertical scale goes freB0mV to +200mV.

.001

V. = - 4x10* {.1dt = - 4x10*(0.2)(0.003) = - 4 so while the voltage is high (0.1V) the
0

integration drops 4V. It goes up 4V when the voltage is lowlY).

200mVv

ov

-200mV

ov

-5.0V

Vin

Os 1.0ms 2.0ms 3.0ms 4.0ms
0 V(V1:+)
Time

B
~

Os 1.0ms 2.0ms 3.0ms 4.0ms
0 V(Vout3)

Time

13 K. A. Connor and P. M. Schoch
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d. For the circuit showsat the right

i. {1pt} What type of amplifier is this circuit? V?(N
1

Differentiator orActive Differentiator

OPAMP

Vin 0-—||

2uF

{2pt}Write and expression for Vout as a oy —oveut

function of Vin.

i u4
"0

dvln(t) —

V. =-C R -2x10°3

out — ~ ~in'Vf

% or phasor fornV, , =- j2x10°wv,,

ii. {2pts} Given that Vin is a sinewave with amplitude = 0.5V and frequency = 500Hz,
draw Vin() on the plot below, draw Vout on the blank plot. You must label both the
y axis and also mark the signal amplitu8ame time scale as previous plots.

in
<4 1V =
oV
v w—— S
-1.0V
Os 1.0ms 2.0ms 3.0ms 4.0ms
0 V(v2:+)
Time
iii. {2pts} Draw Vout on the plot below. You must label both the y axis and
also mark the signal amplitadSame time scale as previous plots.
V, . = - 2x10°m(0.5) cosut = - 3.14cos(00Qxt)
5.0V
Vout
oA
I .28\ v
ov o |
|
v =
-5.0V

Os 1.0ms 2.0ms 3.0ms 4.0ms
0 V(u4:ouT)
Time

E I 14 K. A. Connor and P. M. Schoch
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4. Operational Amplifier and Circuit Fundamentals
a. {6pts} Power daw, relatd to loading, varies with the @mp configuration. This can be
demonstrated by setting a signal source to a constant voltage andidetg where the

power is los{converted to heat.) Analyze the 2 circuits shown and complete the table.

Ra

Rb

4k

OPAMP

) ouU -OVout
v J_— LjS
T
=
Left Right
Circuit Circuit
Gain of circuit| ° -5
Vout 5V -5V
Power from |0 ImwW
Vsig
Power into Ra| 1MW ImW
Power into Rb| 4MW 5SmW
Power from | 5mwW 5mw
the opamp
output

b. The circuit shown has 2 input signals.

i. {2pts}Write an expression for Vout in terms of V1 and V2

Rb

5k

0

Ra
%%
1k

OPAMP

i
<
i.l+
I

T Vsig oy Vout

.||}_|

o

|

No current from Vg on left so no power
12
91000
Power into Ra for both circuits
12
1000

=1ImW

from Vsig. On right Ps
P, = =1mW Voltage at neg input

2
on leftis 1V P, = 4
4000

=4dmWand on

the right the voltage at neg input is OV
2

5
oP, =——=5mWOp amp has to
R~ 5000 p p

make up remaining power so it must
provide 5mW for both circuits.

OVout

K. A. Connor and P. M. Schoch
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c. {4pts}lf V1 is a dc voltage of 2V, Vl1=2Vdc,
largest value of A for which the eampcanfollow your equation in part i. above? State any
assumptions you made to calculate this number.

Assume output can go to plus or minus 9V (will be less in most reanys).

Input V1 has a gain of 2.5 so the output will-b¥. That leaves 4V for V2. With a gain of 5,
A must be < 0.8V. If assume thattput can go to a smaller number, V2 will be smaller. For
output limited by 7V, A <0.4V

The circuit shown is a practical integrator.
i. {4pts}Assume w is | arge. What i s the magn
a magnitude of 0.2V, a phase of 0 degrees, and a frequency of 10kHz?

For w | adbackresistoritan bd negtected
H(W=- 1 & V==V,
JURC JURC 1k
25nF
V,, = 1 0.2
out — . 4 9 '
107)(200(25x10 OPAMP
| Em0N00(540°) L ey
= j0.64 ' > . —OVout
FREQ =10k_|
Magnitude is 0.64 and phase i$90 =0 L 153
0
ii. {2pts}For whatrangeof r equency (in Hz) is it wvalid to
large?
W = 2 T §C =>1K10)(2BXR0°) or f >> 640Hz. Note that this calculation finds the
condition when the feedback capacitor impedance is much smaller than the feedback
resistor.

{2pts} Give an expression for Vout of this circuit in terms of Vin if the frequency is
very very low.

When the frequency is very low, we have the opposite condition from the one above.

The feedback resistor is smaller than the capacitor impedance. Thegleetthe
10*

capacitor and we have a simple inverting amplifier With) = - ﬁ)\/m =-50v,,

E I 16 K. A. Connor and P. M. Schoch
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5. Concepts, Troubleshooting and Data Analysis

a. Draw lines to connect the batteries to the 74hmp package shown below {2 pts}:

Dual-In-Line or S.0. Package r—ﬁ)

N *
OFFSET NULL =1 8 bl —— o —
INVERTING INPUT —{ 2 7Vt — 1
NON=INVERTING — 3 6 f—OUTPUT av L - 0
INPUT
4 5 [—OFFSET NULL
DS009341

b. The followingis from the 741 data sheet:

-
Electrical Characteristics (note 5) (Continued) %
g
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain Tao=25C, R.22kQ
Vg = 220V, Vg = 215V 50 Vimy
Ve = £15V, Vg = 210V 50 200 20 | 200 Vimy
TAMIN < TA < TAMAX‘
R =2 k&,
Vg = 220V, Vg = 215V 32 Vimy
Ve = 215V, Vg = 210V 25 15 Vimy
Vs = £5V, Vg = £2V 10 Vimy
Output Voltage Swing Vg = £20V
R, =10 kQ 16 v
m 15 vV
Vg = 2158V
< R =10 k&2 12 12 | £14 A
o~ \LR 22k +10 éﬁa\\ +10 | %13 v
Output Short Circv Ta= 50 10 | 25 [ 35 \2_%/[ 25 mA
Current Tamin € Ta € Tamax 10 40 mA
———

Using this data sheet answer the followf@¢pts}:

.1 f a 100Q | oad i s putamp whattisithe maxmunpowtput o f a
voltage that one would typically expect to be able to achii Remembesr Thiswas
Current limit of 25mA. V = IR= 0025(100) =2.5V part of an Experiment
For a current limit of 40mA, the max voltage is 4V.

ii. If LM741 op-amp is power with a +15V supply andl®V supply, (\sin data
sheet), what is the maximum output voltage you would typically expect thenpp
to be able to achieveif¢gh | oad resi stance iIis 2kQ~?

Max output voltage is 13V (from spec she

E I 17 K. A. Connor and P. M. Schoch
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c. Which of the following opamp configurations works best to amplify the signal fronrairst
gauge bridge circuit? Circle one. {2 pts}

Voltage Folower Inverting Non-Inverting Differential

Adder Integrator Differentiator
This is a good example of looking elsewhere in the quigee the strain gauge circuit
on the next page!
d. Which of the following opamp configurations works best to connect to the output of an
accelerometer if it is desired to find the velocity of accelerometer? Circl¢2opis}

Voltage Follower Inverting Non-Inverting Differential

Adder Integrator Differentiator

e. Circle the correct answer for the following:
The calibration constant for the ADXL150 accelerometer is given on page 3 of the Project 2
write-up. Itis also in the Class 14 lecture slides. It can also be found on the data sheet which
is available on the course website. (hint: these are either all true or all false) {2 pts}

False

f. The voltage follower ofamp configuration has a gain of Why bother to use this
configuration f your signal voltage is already the desired value? In other words, why not
just connect the signal to the load? (20 word limit) {2 pts}

Use voltage follower if the load would cause timgut voltage to drop if diigly coupled. For

example, in a voltage divider, if the load resistor is similar in size to the lower divider
resistor, the divider will no longer work as designed.
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g. In Experiment 5, the strain gauge circuit is configured as shown below:

I |
I |
avd Vbat1
D I 0 ! -
= T
| I 2-&
|
§ R1fixed \%Rﬂsuaingauge I Rb1 _?‘_0 .| Vbat2 GND
3500hms 2N 2500hms [ 100k | =
T
Rat u17? | avdc
%
1+ L 25 I
C | 8 Vout
1- | R ) oy I
i =il | 2+
A 1 uA741 -
§ R2fixed \§N R2straingauge 1 !
3500hms 3500hms l
| Rb2 I
. |
5 3 . A B C D
i = O 0O 0 0O
Terminal
Block on
Beam Base
Figure B-4.

If the +5V and-5V power supplies of the Analog Discovery Board were used instead of the
two 9V batteries, would the sensitivity of the system increase, remain the same or decrease?
Explain your answer. (20 word max.) (Sensitivity in this case is theiainvmut would

change for a given change in the deflection of the beam.) {2 pts}

Decrease. From the formula (crib) sheet, the voltage from the strain gauge is proportional to
the voltage source that powers it.

h. Using the gener al harmonic oscillator equat:.
{2 pts}
Assume that the solution is writtea BH = Acosmt .
d2H .
Then M =- w?Acosut =- w?H . Plug this into the

a +bH =0

2
t equation and solve faw = \/E This is something
a

you should have seen in Defential Equations and
Dynamics.
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i. A veryinteresting and useful device we will be studying in Experiment 7 is the 555 timer
chip. Timer chips make it easy to create sequences of pulses at almost any frequency. Shown
below is a typical output for a pulsing circuit made with the 555 timer. Tharndad case
isRL=1 k Qote that the voltage pulses betweaw= 0V and VycH = 7V. A series of
measurements are made of the high output vol
1 MQ. Use this data to det er (forthechighvbltagedhch e ve ni n
Resistance for this circuit. As usual, be sure to show all wedte that, since you are only
addressing the high voltage and not the actual time variation of the output signal, you can
solve the problem as if it was a DC sourgepts}

. L N Ll inEaN
1 |
]
1 |
4 ¥
1 |
- y i
ta 1 I |
00000 ’ on 110ms 120ms 130ms 140ms 150ms 160ms 170ms 180ms 190ms 200ms
ROMO [Vhen(V) [VmerCalc _
Peak voltage is al

1000 6.9215 6.92307 is the source voltage. Half of that voltag
1000000 8.995| 899730l |is 4.5 so the re:

100000 8.97 8.97308 check this answer by calculating the 104
10000 8.735 8.73786 _ : R, e
100 5 5 5 o5 voltage usingv, —9300+ R filling in
10 0.29] 0.29032 the additional column &amparing the
300 4.5 4.5 results to the measured voltages.
3000 8.18 8.18181
30000 8.9 8.91089]

—L__ o

R
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J. A classic puzzle involves an infinite 2D array of resistors (continues out to

infinity in both directions), as shown below. All resistors have the same value R.

If the resistance is measured at the two points with the large circles, will the

resistance meased be {2 pts}

i. Greater than R?
| ii. Lessthan R? | Since R is in parallel with the other resistors, the
combination must be smaller. It is, in fact R/2. This is essentially the same
puzzle as in the Nerd Sniping cartoon.
iii. About equal to R?

Extra Credit: Solve this puzzle exactly {Up to 4 pts}

Check the puzzle out online.
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