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Electronics [

* There are 5 questions, you need to complete 4
* Questions 2, 3, and 4 are mandatory

e Choose 1 more from 1 or 5
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Quiz #1

1. See the following two circuits. Find the resistance R, of

the following circuit.

NN— NN ANN—
5K 2.5k 2.5k 2.5k

Sk 5k ok

@ © b

Find the total capacitance C , of the following circuit.

| | *— | | | | 4
5f 10f 10f 10f

S S ,
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Quiz #1

2. Find the impedance Z ,(jw). Describe (use calculations) what
happens to the circuit elements of Z ,(jw) for o= 0 and © =»
o and show graphically by sketching the Bode plot from the
mathematical calculation. Assume R=1 and C=1.

2R

A
O =

2C
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Quiz #1

3. Calculate the all of the Currents and all of the Voltages for

ONE of the following circuits. Name the circuit analysis
technique you use. Prove that your solution 1s correct by
re-calculating the currents and voltages by using a different
circuit analysis technique. Note the polarities of the

SOUrcCcs.
"W\—e W\/
1
1A
N 2A
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Quiz #1

4. Find the Voltage, V., for both circuits and sketch the Bode Plots of
V../V.. Describe (use calculations) what happens to the circuit
elements for w= 0 and @ =» oo and show this mathematically. In
addition, choose another interesting value of w. What 1s the cutoff
frequency in Hertz?

1n 1n

1k a 1K a
Vi (= Vin [~ 10k S R2
A = C1 > - C1
b
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Quiz #1

5. For the Arduino Uno describe the following:

d.

What are the two type of pins, what type of signal is used
at each pin and describe whether they are input or outputs
or both.

What 1s PWM mean and how does one implement it.

What 1s the IDE?

What 1s the Arduino program called and what computer
language used to create an Arduino program.

What are the necessary sections of an Arduino program
and what are they used for.
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Quiz #1 Answers

1. Find the resistance

NN/ NMVN— ANNN— a
Bk 2.5k 2.5k 2.5k R
b
ok 5k ok a
@ © b

R, = {{{{{{5k||5k} < 2.5k} || 5k} < 2.5k} || 5k} <> 2.5k}
R, = {{{{{2.5k < 2.5k} || 5k} < 2.5k} || 5k} <> 2.5k}

R, = {{{{5k ||| 5k} <> 2.5k} || 5k} <> 2.5k}

R, ={{{2.5k < 2.5k} || 5k} <> 2.5k}

R, ={{5k||5k} < 5.5k}

R, ={2.5k < 2.5k} = 5k
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Quiz #1 Answers

Find the total capacitance

5f _T__%f—l 10f 10 a on
S T 5T T 5f
S .

C,, =H{{{{{5]/5) =105} = 10} |5} = 10}
C,, = H{{{{1010}||5} =10} |5} = 10}
C,, = {15115} =10} |5} = 10

C. ={{{10&=10}]5} =10}

C,, =1{5]5 = 10}

C, ={10=10y=5f
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Quiz #1 Answers
2. Find the impedance Z ,(jw)

2R
| a
R 1}
C
Z,(j@) = {—— || 2R} & {—=— < R} 2C
@ OI= e e T 5
71 x 2R 72R
e
jaC I, 1+jo2RC 1+ jw2RC
joC j2C
I e 1 . l+je2RC
Jj?2C jw2C Jj2C
2 Gy 2R 1+j02RC _ joC2R+(1+ j02RC)(1+ j02RC) _ joC2R+1+ j40RC ~ (2RCY
@O iwaRC T jw2C j@2C(1+ jw2RC) —0*2RC* + j2C
. 1=(@2RCY + j6wRC (I-(@2RCY*) +(@6RCY . .  w6RC rye
2, o) = RO jbRC_ RS an (2R ) tan (22 )
—~0’4RC* + jw2C \/(a,4RC2)2+(a,2C)2 1-(w2RC) —~0’4RC
BME 372
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Quiz #1 Answers

2. Find the impedance Z ,(jw)

_ 25 0
22.5
- d 20 -0.314
17.5 . -
1t S 15 Magnitude - -0.628 €
R R J AR VD S B R - y 5
C S 10 esonance Mag | g0 &
S 75 2
= ) Phase Angle =2
5 - -1 .2562
2C 2.5
T b 0 ‘ 157
0.01 0.1 1 10 100
Frequency (radians)
 1-(@2RCY + j6wRC  J(1-(w2RC)*)’ +(w6RC) . @6RC L @2C
Zab(.]a)): 2 2 . = an (—2)_t ( 2 2)
-0’ 4RC* + jw2C \/(w4RC2)2 +(@2C)? 1—(w2RC) —w’4RC
) 1-(w2RC) + jw6RC 1 r
Zab (]CO) |w—>0: ( 2 )2 ] ‘w—)O . A~ - OOZ -
- 4RC" + jw2C ja?2 2
when ®=0 capacitors become open circuits and circuit looks like 2R in series with series C which approaches an open circuit
. 1-(w2RC)’ + jwb6RC —(@2RC) -’ 4R*C?
Zab(]a)) |(o—>oo= ( 2 )2 J |w—>oo ( B )2 = > 5= R= RLO,
-0 4RC" + jw2C -w"4RC -w"4RC
when @ — oo capacitors become short circuits and parallel C shorts out parallel R and circuit looks like series R and a short.
Third point: try @ = Z;C to make the real part of the numerator = 0.
1
, |- (@2RCY + jw6RC 0+ /5RO ©+j3 3R 3R .z 3 x
Z“b(‘]a)”a,fL: 24RC* + i02C 0,7#: 1 1 = 1 1 = 1 12745—722124—2
L tjw TR (—Y4RC* 4+ j——2C —()+j— T N2
2RC 2RC R R
BME 372 12
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Quiz #1 Answers

3a. Calculate the Currents and Voltages for the following circuits:

BME 372
J.Schesser

Nodal Analysis:

I +1,+1,=0;1, =1
—11—V+2—1V+1=O
2V +2=0

V=1

=2l o 227l
1 |

V. =L1+V =1x1+1=2FV

cs
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Quiz #1 Answers

3b. Calculate the Currents and Voltages for the following circuits:

Mesh Analysis:

Mesh #1

1+, +(,=1)I+V, =0
Note /, -1, =-1

1+, +-1x1+V_ =0

D)V, =1

Mesh #2

24+ L, x1+(,-1)1-V_ =0
Note [, -1, =1

)V, =2+1,+1=3+1,
Adding 1)and 2) =2V, =3+1,-1 =3+1=4;

Ve=2
I/noa’e = I/cs _([2 _Il)l :2_1 :1
[, =-2;1,=-1

BME 372
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14



Quiz #1 Answers

3c. Calculate the Currents and Voltages for the following circuits:

A

Superposition:

Voltage source #1 only

|

IlVl —Ile _5
===
2

Voltage source #2 only

2V

—  I1’=I"=1

V' =1x1=1

BME 372
J.Schesser

Superposition:
Current source only

1

I8 =—x1= l; Current division
2 2

1 C .
I =——x1= —% Current division

chszéxh-lxl:l.s

1 1
> AAAY
=05 2, _ .

1V 2
+
Vos=2 1A
15




Quiz #1 Answers

3d. Calculate the Currents and Voltages for the following circuits:

Superposition:

Total Solution:

L=1""+1"*+I% Lol

2 2
L=r"+12 41 =11
2 2 2 2 2 2

V.=V '+V?+V :—%+1+1.5=2

BME 372
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Quiz #1 Answers

3e. Calculate the Currents and Voltages for the following circuits:

For Nodal Analysis
I 1 "4 P
AVAVAVer S VAVAY
+ 1 1 N
1A VCS1 4 I I3 2A vcsZ

T
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Quiz #1 Answers

3e. Calculate the Currents and Voltages for the following circuits:

I1=' 1 V=1 I2=2

vV iV /\N\/ Nodal Analysis:
+ 1 I 1 + Note:
1A V.= ;= -1 _ li==-L1,=2
cs1 0 n 3 2A vcs2_3 Then:

‘ - —_ I,+1,+1,=0

— 1V
- —1+2+1,=0;1,=-1

Va=11+V=-1+1=0
Vo=1L+V=1x2+1=3

BME 372
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Quiz #1 Answers

3f. Calculate the Currents and Voltages for the following circuits:

For Mesh Analysis
1 1
"NNN—2 A%
A e N e
vcs1 . 2A vcsZ
— 1V —
\ T
BME 372
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1A

3f. Calculate the Currents and Voltages for the following circuits:

Quiz #1 Answers

Mesh Analysis:
Note:

[, =-11,=-2
Mesh #1:

V=1, x1+1=-1+1=0

Mesh #2:
+V ==, x)+1=—(-2x1)+1=3

Note that the current in the branch with the voltage source:

I —-1,=-1-(-2) =1

BME 372
J.Schesser
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Quiz #1 Answers

3f. Calculate the Currents and Voltages for the following circuits:

Source 1
CSl1

For Superposition

ANN— Ay,
«— «—
+ I, o )
ource
vcs1 . 2A vcsZ
| CS2
‘ - ;| =2 -
| |
Source 3
BME 372 21
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Quiz #1 Answers

3f. Calculate the Currents and Voltages for the following circuits:

For Superposition Source 1

NN———NN—
1A V+ g ? V+ Source 2 ]11 :1;]; :0;]31 =1
SOU.I'CC 1 cs1 I T 1A cs2 CSQ. Vl _ [1 1 B 1
CS1 ‘ = 3 | —  Open cs1 - H T
Circuit 1 gl .
. ’ VCS2 =] , X 1=0

Source 3

Short

Circuit

BME 372 P
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Quiz #1 Answers

3f. Calculate the Currents and Voltages for the following circuits:

For Superposition Source 2

NN—— AN —
| «— <I—
+ 2 +
vV 1 v Source 2 [12 20;122 =2;]32 =-2;
Source 1 cs? / T 2A cs2  (CS2 5 5
CS1 ‘ — 3 — Vig =—17 x1=0
Open . ch52 :]22><1=2
Circuit
e Source 3
Short
Circuit
BME 372 23
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3f. Calculate the Currents and Voltages for the following circuits:

For Superposition Source 3

AMA——— AN —
| W - ‘
+ / 2 + 3 13 13 ,
v 1 v SOUTCCZ ]1 :()9]2 209]3 :O)
Source 1 cs1 1A cs2  CS2 )
CSl1 - I3 +—_— l - VCSIZ_[I Xl"‘l:l
‘ — 1V ’ Open ) )
Open I Circuit Vcsz =1 , X 1+1=1
Circuit
Source 3
BME 372 24
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3f. Calculate the Currents and Voltages for the following circuits:

1A
Source 1
CS1
L=01+I+1I
I, =1+0+0=1
L=L+I1+1I
[,=0+2+0=2

L=0L+I1+1I
I,=1-2+0=-1

For Superposition

1

NN— W\
1,=2
+ I1=1 2 + Source 2
=0 + 2A Ves2=3 CS2
_ — 2V —_
3—1 -
\ [
Source 3 Vieg =Vig +Vig +Vg
Ve, =—1+0+1=0
Vcsz — Vclsz + ch52 + VC352
Ve, =0+1+2=3
BME 372
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Quiz #1 Answers

4. Find the Voltage, V, for both circuits and sketch the Bode Plots of V,/V, . Describe (use
words and calculations) what happens to the circuit elements for =0 and w = oo and
show this mathematically. In addition, choose another interesting value of . What is the

cutoff frequency in Hertz?

Vin ~
Cg = C1

Using voltage division:
L
Vab  joC, 1

Vin 1 ‘R 1+ joR,C,

JoC,
1

NI+ (0RC) Ztan " (wRC))
) !
J1+ (@R C,)

Z—tan" (@wR,C))

BME 372
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Quiz #1 Answers

4. Find the Voltage, V, for both circuits and sketch the Bode Plots of V,/V, . Describe (use
words and calculations) what happens to the circuit elements for =0 and w = o and

show this mathematically. In addition, choose another interesting value of . What is the
cutoff frequency in Hertz?

R1
A a
Vin
1n
- b
1.20E+00 0
1.00E+00 -0.2
-0.4
8.00E-01
-0.6
6.00E-01
-0.8
4.00E-01 !
2.00E-01 -1.2
0.00E+00 -1.4
1 10 100 1000 10000 100000 1000000
Mag angle

Vab| B 1 B
Vin " 1+ jORC,

When @ =0 capacitor is infinite impedance or an open circuit and

1£0

all of Vin appears at the output.

1 .
Vab R > os-Z
Vin JoRC,  @RC, 2

When @ — oo capacitor is zero impedance or a short circuit and

none of Vin appears at the output.

Vab 1 1 L L/ Z oq072-Z
4 4

Vin ‘o, 1 14 5,7 2
G + RC \/EZ*
T Re 4

11

When o= , Vab = times the maxium value of VLb:l which
RC’ Vin 2 Vin
makes the cutoff frequency. To convert it th Hz divide by 27

11

1 1
27RC, 2xlkln, 27107

Then cutoff frequency is =0.159%10° =159kHz

BME 372 27
J.Schesser



Quiz #1 Answers

4. Find the Voltage, V,, for both circuits and sketch the Bode Plots of V,/V; . Describe (use words and

calculations) what happens to the circuit elements for w= 0 and @ =2 o and show this
mathematically. In addition, choose another interesting value of w.

R1
NN 7

1k a
Vin 69 L . 10k S R2
1n
: b
Using voltage division:
1

— IR,
Vab  joC
Vin R, 4R

JoC,
. 1 ><1€2
1 IR, = joC, B R,
. 2 - .
joC, I p 1+joRC
joC, 7

B
Vab  joC 1+ joR,C, R,
Vin 1 IR, +R R p R+R(1+joRC)

ioC,° 1+ joRC,
R, R,

" R, +R +joRR,C) R,+R +joRR,.C),)

Vab _ R R

2 2

Vin R +R+joRRC) R +R+joRRC)

R, 1 R, 1
"RAR RR, . R+R R R

? 1+]'50R72C1 ? 1+(wLCl)zétan_'(a)LCl)

TR R, +R, R, +R,

R 1 R
== 2 % Ltan’l(a)R '&Rl C)

+ R +

:+h (o % C) ’

R +R
Vab| R, y 1 R,
Vin °° R +R 1+ /0 RR, c R +R
R2+ 1
R
IV/L'b|‘H°° R+R IR OZ_%
n 2+ 1 ]Ct) Rl 2 Cl
R, + R,
vab R !
Vin o=z | RAR -, . 1 RR, c
RytRy Rle C R2+R1
R,+R

= R2 X 1 = R2 X 1 e R2 X 1 Z_E
R+R 1+jl R+R [ 7 R+R NI

BME 372 4
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Quiz #1 Answers

4. Find the Voltage, V,, for both circuits and sketch the Bode Plots of V,/V; . Describe (use words and

calculations) what happens to the circuit elements for w= 0 and @ =2 o and show this
mathematically. In addition, choose another interesting value of w.

AN~ ﬁ
1k a
. 10k R2
Vin @ 4
1n
9.00E-01 0
! b —
8.00E-01 oo
7.00E-01
-0.4
Vib | = R2 X 1 — R2 /0 6.00E-01
. lo=0"" -
Vin Ry+R o joﬂq Ry +R 5.00E-01 -0.6
L - 4.00E-01 0.8
When @ =0 capacitor is infinite impedance or an open circuit and 3 00E.01
the circuit becomes R, in series with R, with the output at R,. 5 00E.01 -1
—Vc.lb s ™ s X 1 S0s-Z 1.00E-01 -1.2
Vin R,+R . RR
jo———C, 0.00E+00 1.4
R, + R, 1 10 100 1000 10000 100000 1000000
When @ — oo capacitor is zero impedance or a short circuit and Mag angle
none of Vin appears at the output.
BME 372
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Quiz #1 Answers

4. Find the Voltage, V,, for both circuits and sketch the Bode Plots of V,/V; . Describe (use words and

calculations) what happens to the circuit elements for w= 0 and @ =2 o and show this
mathematically. In addition, choose another interesting value of w.
R1

lV}Q, 1 a  9.00E-01 —— 0
Vin @ 1 10k R2 8.00E-01 0.2
T T 7.00E-01
" 6.00E-01 0
b
l 5.00E-01 -0.6
Vab Vab, R, o 1 — 4.00E-01 -0.8
Vin wi% 1 R+& 1+ Rl B . ;{ C, 3.00E-01 1
2t + -
RR';C1 21 2.00E-01
R 1.00E-01 12
R 1 R 1 R, T
= 2 2 — 0.00E+00 -1.4
R +R 1+]1 R +R \/’472' R L+ R, \/_ I 10 100 1000 10000 100000 1000000
4 Mag angle
10 1 Vs T
=—Xx—=/-—=059/—— RR 6
TN 1 R _10x10°_10 e BB 10 0 1x10 = 10100
R+R 11x10° 11 'R +R 11 11
1 Vab | )
When w = , — = times the maxium value 1 1 1 ]
RR, .’ Vin 2 AT o " sage s x10
R +R LC 27—107° 5.710
R+R 11
Vab R, 10 . 1
of — = = — which makes ———— the cutoff frequency. 1 1.1x10°
Vin R +R 11 RR, In Hz = =175kHz
+R ¢ 27— C 27
K BME372 *"p g © 30
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5. For the Arduino Uno describe the following:

a. What are the two type of pins, what type of signal is used at each pin and describe whether they are input or outputs or both.

o There are digital pins which can be used as an input or output. The signal at the digital
pins take on 2 levels low or high (0 or 5 volts).

» There are analog pins which can only be used as an input. The signal at the analog pins
can take on any value from 0 — 5 vollts.

b. What is PWM mean and how does one implement it.

PWM stands for Pulse Width Modulation which is a square wave with various duty cycles.
It can be implemented at the digital pins which has tilde ~ with the pin number. One sets the
duty cycle by performing an analog write to that digital pin.

C. What is the IDE?
IDFE stand for Integrated Development Environment and is used to write and manage Arduino programs.
d. What is the Arduino program called and what computer language used to create an Arduino program.

An Arduino program is called a Sketch and uses the C/C++ language.

e. What are the necessary sections of an Arduino program and what are they used for.

The two necessary sections are the setup and loop sections of the Sketch. The setup setup is used for
programming what is used only once. The loop section is used for the programming which gets repeated
as needed.
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