ENGR-2300 Quiz 1 Fall 2015

ENGR-2300

Electronic Instrumentation

Quiz 1
Fall 2015
Name 4 / A
Section
Question I (20 points)
Question II (20 points)

Question III (20 points)
Question IV (20 points)

Question V (20 points)

Total (100 points)

On all questions: SHOW ALL WORK. BEGIN WITH F ORMULAS, THEN
SUBSTITUTE VALUES AND UNITS. No credit will be given for numbers that
appear without justification. Unless otherwise stated in a problem, provide 3

significant digits in answers. Read the entire quiz before answering any questions.

Also it may be easier to answer parts of questions out of order.
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ENGR-2300 Quiz 1 Fall 2015
Capacity® &
continuous, to 1Vicell 2
Rine Vo Size Weight ¢
Type Q) v}  {mAh) @ {mA} (mAR)@ (MmA) {in} (gm} W Comments
ov "1604" :

Le Clanche 35 a 300 1 160 16 065x1x1.9 35 S
Heavy Duty 35 9 400 1 180 10 " 40 s

Alkaline 2 9 500 1 470 10 " 55 S  2830mAh@100mA

Lithium 18 8 1000 25 850 80 " 38 8 Kodak Li-MnGy

Partial specs for Agilent 54830 Oscilloscope $3995 on eBay. The company was HP, which
split and Agilent became the instrumentation manufacturer, and now it is Keysight.

v Vertical : Analog Channels 548308, 542318, 548328, 548458 and 548168
533360, 548310 and 54832p
Ingut Channels 548308; 2 anslog 4 anglog
548300: 2 analog + 16 digital

548318/548328: 4 analog
548310/548320: 4 analeg + 16 digital

Analog Bandwidth @50 Q (-3 B}

H4§308/D, 54831B/D: 600 hiHz
548328/D: 1 GHz

54845B: 156Hz
54846B: 275 GHz

Calcuiated Rise Time® @50 & 54830078, 548318/D: GB3ps 54B56B: 233 ps
546328/0: 350 ps 548468: 178 ps
Input impedance” 1 MIQ + 1% {13 pF wpicall, | | 1M + 1% [12 pF typical}.] ]
Sensitivityd T elVAdv to 5 W {1 MQ) 2 miWdivio 2 Wdiv {1 MO
1 m/div to 1/ (50 Q) 1 m/divta t Wdiv {50 Q)
’ 3 P. Schoch
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AN

I. Voltage Dividers (20 points) As stated on the cover page: Round answers to 3 significate
digits. Show formulas first and show your work. No credit will be given for numbers that
appear without justification.

a) Find the voltage Vout in the circuit below. (4 pts)

. 7Lk .
- %,2" NV Z"J’L
R1 (/ow} - . (L 1k
ARy &>
V1 1k - -
26Vde==" ° [f Voud = Y. 3% VJ
i R2 * Yout —
0.2k

I O

'-.—_O

| - pa V4

b) Find the current I in resistor R2. (4 pts) ST

c) Find the power dissipated by R2 (4pts) f 2V
(/(:/. 33400201 =

7
G i L > f S

(ﬁ‘dz(”)))‘( /JOJ)
967 im

~

B

d) Find the power dissipated by R1 (4pts) v 109
2 d

33

e) Which of the following types of resistors will work for in this experiment? Assume that
both resistors are of the same typef,_ggd then circle all possible answers. (4 pts)

1/4W

,M I 4 P. Schoch
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IL. Resistor Combinations and loading (20 points)

Rbat This circuit uses as Heavy Duty 9V battery.

a) Find Vout for the circuit shown on the left. Provide 3
= = significant digits in your answer. Hint: Be sure to check the
T Rz oE Y ydditional information provided with this quiz. (4pts)

T ° K4 =35 Uyt > K- Y,

0
20J
= ,.-'GTL/ - -
l/&"‘% 228 f4y00 +3) = 2.83

b) For the circuit below, reduce the circuit to the form of the circuit shown on the right, In
other words, find the values for equivalent resistors Ra and Rb, and the value of Va, and

label them on the right side figure. (4pts) /_,#—-m---#_k - 2.8
- ¢ 2 ka

(oRR ST

~ 1,,..“ S /
A KT S Rs
5 7 $%
—T
25Vde
Ra RS Vout 0
30k 30k

R6 —
5k p
I$H /ot
+ 3k
° Cre

¢) What is the value of Vout for the circuit in part b) ? (2pts)

2 L e = 29V
sed 7 %:’;7 l/a [t 20 —

_w I 5 P. Schoch




ENGR-2300 Quiz 1 <0 / ta Fall 2015

d) You want to get the time trace of the voltage signal across Rb in the circuit below. (10pts

for all 4 parts)
Ra Part 1: Ideal Oscilloscope. The trace below
N WA is the signal V3. Sketch V across Rb if
VOFF = 0 Je v % Rb v across R yOU have an ideal Oscilloscope, (or ideal
FREQ - 1o0Hz . 400K Analog Discovery Board). You must label
AC =3V . . ..
'"1?‘0 that amplitude of your trace in addition to
) ﬂ » . sketchmg the curve. (2pts)
2+, = ~ Z
77
3.0V T
SRS SR S ot f/ FOSERU Be-- NNH SRR Sihe SO S /W\g S S
2.0v - o~ i -+ )
g e o B B NS 5 o @
1.0V l[, 7/ “““ 1. o Tz ,K
/o s by il “‘3( o { b AT A -
Y Vo OSSR REANON i e
p o v T, N o~ ] e
i . i oo
=3.0v
0:

iv(vm) - .7—-—4“1 Y @D" - dc) Ha 17

Part 2: You can use an Agilent 54830 Oscilloscope. Usmg the add1t10na1 information
provided with this exam, what is the input circuit model for this instrument? In other
words, what are the valties of\Rin and Cin for the circuit below? (2pt)

gnore Cin for this part. The Agilent 54830 is used to measure the voltage across
Rb, (circuit at top of page.) On the plot for Part 1, add a sketch of the trace that this
1nstrument would measure. You must label the amplitude. (4pts)

\0 PERYS T ook [f //He}, V& ___0‘2%6 . 3/ 2 [ L;:A
; ” .-\.,5, L/wh//,l./ﬂ%\r worets 1156 o

Part 4) Zach, one of the TAs, claims that for this measurement it was proper to ignore J
Cin of the Agilent 54830. Is Zach correct and why? Hint: Zach is usually correct and he

suggested that you calculate the magnitude of Z for Cin for this experlment (2pts)
| L = 200 <= B3 X0

PR

=>> R
: 1/_) cop 18
‘ | 222 £p© [Rlet < =27,
b e =D AL
e 70/4-\, : e }’)‘ O o (‘q‘/ﬂ‘

é e lez*’ J P. Schoch
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6‘ A

IIL. Filters & Transfer Functions (20 points) Assume that these circuits are in AC Steady

State. <
a) Determine the general complex transfer
function for this circuit in terms of R, L, and .
frequency o, by modeling the circuit as a R .
voltage divider. (1 pt) Vin vout
(«(9 . ’}_ . J w L__ _é__
Vv\\» ﬂ t ‘J WL—
b) Find the magnitude and phase angle of the transfer function given R=1kQ, L=20mH, and
the frequency of the input signal is f=1.6kHz. (2pts) Lo = 23 ;D o /Q 127, ( §al g 5 )

k) @At | ot _,

—— 3 USSR et /, — r
- oy 2.\ 7/ (F¢
Vi o I/(FUWL/ (W il J V0 i Y/ )

0 1444//;/ 221, 21475“&/’”\‘ — L )"U o ol
c) Usmg the xesults of part b) what is the Time domﬁrﬁ&rﬁo@ Vout 1f 7‘7 tan

Vin=10Vsin(2r1600t+0°) Vout must have the form of Vout=Asmteut+0) (2p s) &0
Q. I¢ > [EG6 > 2. @0 ~ Y s @

U = 1] -1#0) | > (JON @ 17¢) > 19C = 2 0~29.02 113

{Zc ,}_ A TZ_L/S..,’“ (l"ﬁ /é(o"df’?‘ //'30) O 1 mJui—g O oo V‘ﬂ(!rut

d) Assume the components are ideal. Identify this as a lo pas&qh h pass filterby—w7
circling the correct answer. (1pt) Low Pass @@
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e) Determine the general complex transfer
function for this circuit in terms of R, C, \|
. . 71
and frequency o, by modeling the circuit as c v
a voltage divider. (Lpfs) Vin R out
N\
va'!‘(*\) o) g Yk -
L '.—0

/ *1*\) ‘*’ﬂ(*

Vi G

f) Find the magnitude and phase angle of the transfer function given R=1kQ&S=O.IuF , and
the frequency of the input signal is f=1.6kHz. (2pts) c=1
I

o

wnéwf/éaa) /7‘(5)/ s [yuwre] s2e _ = S oLy,
L> o9 [t1jusc | (12"‘ w C) - 0+ e

-~ O, / f L - LAe) = 7’57 o~ qgé’ =Y
c Ml y Py s glnse ~ 5 (1150 ), T

g) Using the results of part b) what is the time domain equation for Vout if
Vin=10Vsin(2n1600t+0°) Vout must have the form of Vout=Asin(wt+6) (2pts)

o o 7 T)‘/
[ Vst 168G In) = 00210 2207 (2 080
(/) JREN YA DRVZHN (2.%/ /€9 ¢ «}J—/ga)

h) Assume the components are ideal. Identify this as a low pass<qar high pass filter by
circling the correct answer. (1pt) Low Pass High Pass

E I 8 P, Schoch
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1) Inthe diagram, Z1 and Z2 each represent one

ideal R, L, or C. There are only 2 ¢ ent
, L, There are only Pmpon S
total. The plots below are the amplitudes and
phase of the transfer function, vin Z2 ijz
H(jo)=Vout(jo)/Vin(j) e
.
° (o-—r¢ ’l(’
¢ e S —
&
10V ————— T Y
Y P // 3 & I’ I, H
y - Ariplitaele
05v ‘\ e <~ \\II\\‘“\
f i o
Il ey
oV
i D
e {
N e Bhase
=50t PR :
VA AL
TN
SEL>>] . \\
100t
100Hz 1. 0Kz 10KHz
ey \ N§o o me~

Part 1: Mark and label the corner frequency for this circuit on the plots. (2pts)s ~T
Part 2: What is the magnitude and phase of H(jo) at the corner frequency? (ZpN ol

Part 3: Determine if Z1 is a resistor, capacitor or inductor and determine its value. (2pts) hce \[y s
Part 4: Det.emline if Z2 is a resistor, capacitor or inductor and determine its value. (2pts) J Lo/ 4

Answer Parts 2, 3 and 4 below: C’g , Floese

Gt 1

| . fof
200 g - LD
Corne. Q7 .—--'ﬂ'%/

aerl

oo Ao

/. .

<,

gt 3

~ §00
)ﬁ — L bvr(z*ﬂ\ )( zoﬂ)

e

— Te .

——

AT o e ¢ ol
Lon. (ass *‘\44 «»}C\_/‘r—_[—f i{% E
B &2’7}7‘/}\ ~/ . L g L7

C Oyl O ﬂC—
. /( = ?{):}

LA =)

4

G

e

| /
Cormes b (u/: i~{ L/?/_/ g ,,%é
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IV — Signals, Transformers and Inductors (20 points)

R TIin iy Iout
S 10 * I/\1 *
STy +

VAMPL = 12 V1 Rload
FREQ = 4kHz @ Vin Vout 800
—-t;-o COUPLING = 1

L1_VALUE = 5mH
L2_VALUE = 80mH

Given the circuit above, assume an ideal transformer with full coupling (until part €). In your
answers to the following questions, use all available and useful information.

a) For the given information, write out the expressions for the ratios Vout/Vin, Iout/lin and

the transformey input impedance Rin. (Rin is Vin/Iin) (6 pts)
ﬁ T 3o
— o
Ly

a= ")y =Y - = «/J’AJ 8o

Lo — :

‘s a
__.(';/‘Zi‘f s G\?b/' ;//}
Vs
Yor L1

b) Draw the circuit diagram for the voltage divider consisting of the transformer input
impedance Rin and the resistance Rs. Then solve for Vin, the voltage across the input
terminals of the ideal transformer. (4 pts)

| o I 10 P. Schoch
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¢) Find Vout from your value for Vin. (3 pts)

(/5“7L calis > Y0 = S0V

Yen

d) Determine both the primary and secondary currents (Iin and Iout). (4 pts)
Vin | 12 =g o #

.ﬁj,w /@4 () Tns .. = v

= 0(}?# ”‘\’gﬁiw/g

=

5
S
r.i

tl

)
Top > 252 o

Oﬂ V‘Iau?t - Vw’t A |
Ry =610 7 50

e) Up to this point, the ideal transformer model has been used. Check to determine if this
assumption is valid. Compare the magnitude of the impedance for L1 to Rs and compare
the magnitude of the impedance for L2 to Rload. Is it reasonable to use the ideal
transformer model? Justify your conclusion.(3 pts)

[yl | >> N [yods | > Lo d

W= 27 Yoo AT M e L/UJJV«J/S& ), = 80.H

Wi, = /Lé(jﬂ, v/ , = Lol

%A'As ’\"5 hie /( 20/Y ;Sm l’} %\NJ’ W\"wl
[aye = Jla @j [ a e — Heae 420
5O Amsel— 1 cec 37

Vs reasoned/e

1

CD% /2 flev o 52
A SR W“*jﬂ/(c“"'d

< f%%‘\( CiM( “P Schoch

Ty agpeefet

11

e
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V —Misc & Concepts (20 points)

The following questions mostly come from the daily videos and class discussion. The answers

for all questions are worth (1 pt) each, except where noted.

a) What are the colors & names of the two wires for ‘Scope Ch1? 71 .
Ovargt 1+ 0F chnnsl & gosihos
£9racv70 /WA-ﬁ'* (- 0 c/\awwz, I ne gzc '}"«/"’
b) What are the colors & names of the two wires for ‘Scope Ch2? J_ ,
Blie 2+ o~ chinned ’L/os- T
ﬂjbﬁ"ﬁu/‘.%‘ 2~ o~ chanel Z nej,c?lu/“(

¢) What are the colors & names of the two wires for Waveform Generator 1 (W1)?
%//ow w4 O (/(/ﬁ\/e'gﬁa/v\ Grimne :—l

Black Goowd ((any bleck)

d) Isitalways necessary to measure both the input and output voltage or current for every
circuit studied? v

(s
e) What is the transfer function for
this circuit? Leave it as a ratio of )} AAN—
polynomials of @. (2pts) c R o L Vout
S wi Vin
Vot _ J
- A \ —_
Via R+ o FIWE =0
“l o

A e ~w L

J‘Cu@ﬂ‘*(,f’[_( 7~ - mwlld 4_JW»{C +
f) For the circuit in part e), what is the transfer function for small ®? (Small but not zero.)
/f/ff’/ /()(»—U}' fdﬁd” 4’9'!'0 w o nqu-’ ¥ le r\i‘)n&ﬂ
-t

1) = ,

g) What is the magnitude and phase of the

transfer function for the LR circuit shown to
m %

the right at high (not infinite) frequencies? L

oy

(3 - fyor N R||our
ot hege o P3) = Jex 2 ©
/é(cj ~ R IOA“‘S( > 4\\ EN __ﬁa‘o PO ﬂ/)__ V&"Q[ahj

12 P. Schoch
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h) What is the input impedance of an Analog Discovery scope channel?

(4

1) What is a typical internal resistance for a 9V alkaline battery?

j) What is meant by a low frequency or a high frequency when dealing with RC, RL or

RLC circuits? (3 pts) Be_specifie-for ejewgnﬁgumtion.
‘ RO ’ %’ Ldu )./67._ ﬂ‘\ ’4 7[)",% A
. /J“L / S>A ’Ltt/""‘ JZ /:,7"‘ /44({1 W =>> re
K\."“rwc_
[ ot R, s .
1
)Zn‘l\ 0-/ “‘é“’P

k) What could you do to improve the coupling of your transformer so that it will work
equally well in both step up and step down modjz
—) tand (c)‘af St e /""'\}v

5 add nch"#m cor€

1) What is the color code for a 100Q resistor? (2 pts)

Frd’wr\ ~ g/ﬁc% - g‘”')“/h

13 P. Schoch
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600mv

400na
200rv
\k ............. S S I SO \
O\IOS S0us 100us 150us 200us
7 o VW—\ ) I rime
~ /

n) In the figure above represents the control signal of a switching power supply. Determine
the approximate frequency of the train of pulses. Mark the plot to show points used for

you calculation. (4 pts) s’ / - TS, S

Ot‘: L= e kA

14 P. Schoch




