Car Heater Fan Speed-Control Application
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Kirchhoff’s Current Law (KCL)
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Kirchhoff’s Voltage Law (KVL)
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Transistor : Biy, M{EE.

V,, Transistor 2| &gt2t3at.

node a: (—iy)+i, +i, =0
node b: (—i,)+i, +i; =0
node c: (-f1ig)+(—ig)+i. =0
ic :ﬁiB
closed path (bcdb) : V, + Rz + (—R,i,) =0
closed path (badb) : (—Rji,) +V, + (—R,i,) =0

node0ll A= KCL,

closed pathOld= KVLE HESHCH
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Trouble Shooting

e Trouble shooting : The application of logical thinking combined with a
thorough knowledge of circuit or system operation to correct a malfunction.
e APM : Analysis, Planning and Measuring
e Analysis : Analyze clues or symptoms of the failures.
1. S&& 0| YA=IH?
2. SES FHO| JUCHH HE =AHUAM AT =X
3. e AR = RAUX?
4. 0lsd Y= Ao @ol2 fAeX?
e Planning : Formulate a logical plan of attack.
- A working knowledge of the circuit is a prerequisite.
- Take a time to review circuit diagrams (schematics), operating instructions,
and other proper information.
e Measuring : Narrow the possible failures by making carefully thought out
measurements.
- These measurements usually confirm the direction you are taking in solving
the problem, or they may point to a new direction that you should take.
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An APM Example
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A string of bulbs connected to a voltage source
Floyd & 96% 1& 3.23
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Trouble Shooting: Analysis and Planning

e The Analysis Thought Process
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Trouble Shooting: Measuring

e The Measuring Process
1. M2 82 R ) Mg 55,
R Jetol Fol otLlatd JH.
2. 8K HOI22 MR GHU AR AAN0A BRHU 401 ZHFALE & 220ICH
3. Multimeter & XN&2 £H5I8 A At XA S =0
e Half-splittina method

A good resistance reading indicates indicates this part of the circuit is
this part of the circuit is OK. Step | Step 2 open.

®— — 6 ..

One additional
measurement will find
which of two bulbs is

_..ﬂ -H—Il - n—o—.—n —ﬂ—..—ﬂ - 1'1,«0‘- open

An infinite resistance reading

> »

. 5 A good resistance )
The voltage is ) PR = = . .
disconnected. 'O_aqu indicates An infinite resistance
o ﬂ.“S part of the Step 3 Step 4 reading indicates this part
circuit is OK. of the circuit is open.

Illustration of the half-splitting method of troubleshooting.
The numbered steps indicate the sequence in which the multimeter is moved from one position to another.
Floyd & 97% 03 3.24
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Series Resistors in Protoboard (1)

(\)--il--

Circuit Theory |
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M2 AL T F Hidolat.
<J2l0 & ME gt L0oteldt?

Floyd # 113% 12 4.3

*Protoboard Al 22 H&ES0I
N2 HAL TS Hi&otat.
<J2|D & ME g2 Z0teldt?

Floyd # 116% 18 4.9
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Series Resistors in Protoboard (I1)

(a) Circuit assembly
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(b) Schematic Floyd 3 113% 08 4.4
R R,
oM — A ——
330 68 () R
Rs R, 100 €2
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10 2 47 Q)

(b) Schematic
Floyd & 116% 1&4.10
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Holiday Lights — Series Circuits (1)

e Bulbb&dZ:25Vat0.2A

e 500t RB=Z HA.

e 50x2.5V=125V.

e APMHE50x25x0.2=25W

- M2(2O# (b) flasher unit)J} BHR Ol =(H
MO MR/ ot=s) Aelg s 20 HH

=2
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Standard bulb Flasher Unit

(b

Holiday lights: (a) 50 unit set; (b) bulb construction
Boylestad # 151% & 5.62
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Holiday Lights — Series Circuits (11)

Flasher

o A Y FY

Lemy) )

50 bulbs

:[:,_ﬂ F15V=—+25V= +25V= +25V=425V= 425V

| I =200 mA

200 mA

(a)

Three wires

= | i
[ L £
= i " !f: Y 30 bulbs
125V ac H | %,'_-’._.'.___:___
_=+_"‘-\-\.,_\_\_ K /
1 :__._\_ ETRRE)
Plug

Bulbs in series

1]

(a) Single-set wiring diagram; (b) special wiring arrangement;
(c) redrawn schematic; (d) special plug and flasher unit

Boylestad # 152% & 5.63
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Holiday Lights — Series Circuits (111)

Establish |1:1I'.1|‘.\"
Three wires 7 connection of
) ] AL S0-bulb strings
=a | A i e 5T 7 il -
: / : T v "
' . / ¥ T ."'t]l:il]h.‘- I:: b i x
125V ac i el e e oo : %
I 1
o / 1 o
- H 5

Plug Bulbs in series Connector ]-Jl_'-'z‘-
(b
W2 A) =
¥ LA ¥
25V ac
(b) special wiring arrangement;
(c) redrawn schematic;
= . - e - (d) special plug and flasher unit
. Boylestad # 152% & 5.63
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Dimmer Control in Automobile — Parallel Circuits

c SE A/AXE FEH AHALCL
« 0] AR Xl= 50 Qrheostatet dashboarde 0{g] o2 HAELCE.
* Rheostatl] AXE alld FI= SHO0IH M0l AXIHM JIt ZOLXID ZHOI HFKARCEH
« Panel light = 2 (12 V) bulb& AIE6tAl &1, & el &2 (6 V) bulb & AFZ L
- 0I3: panel2l SEF& AXI0 =D, E%P_* TS LASICEH
e 12V bulb 2 M& =12V/ 300 mA =40Q.
6V bulb & H& =6V/ 300 mA=20Q.

Ve Panel swite Dashboard dimmer control in an automobile
Boylestad # 88% & 3.40
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Car System — Parallel Clrcwts

o NSXQ &I AIAEHE AF AIAH,

- AIS2 Z [, 500 A 0l &2 (HE &t starter motorZ S
20 v

- Battery 2 ME= 700 ~ 1,000 A B C0ICh ) g B

« Fuse link : 100 A OIé!_.I BRIl 528 I (open)EICt. = ‘

e Fuse: 2t &XtQ| 87 E HISHSCE

Car fuses : (a) fuse link; (b) plug-in.

- 02 XH= ground 2 X B AFRSHCH Boylestad # 196% & 6.61
b
=, 320A Ote det A1, E0tE r
sl gD = 0|2} 1 J Expanded view of an automobile’s
=2 S e . -

. Other parallel branches electrical system
3 Boylestad # 195% 112 6.60

)

|
Alternator

T | o
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v

v, =R)i=
2% R4+R, °

Vv, = R, Y
> R+R, °
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" R,+R,
Ve, Rp > 00I8R, =R,
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RL
T Rgt+R,

| S5tet.

22 0

Voltmeter — Loading Effect
VOM

10

Voltmeter 2= DMM (11 MQ) 3t VOM(50 kQ on 2.5 V scale) £

kQ 2 M&t 1t voltmeter E HEE HAGIH STt HE2 2
R; =10kQ // 50 kQ =8.33kQ

DMM
R, =10kQ //11MQ =9.99 kQ
« VOM & ohm / volt rating 22 3 X &IC}
OlXS dHYADI Y2 HZE [ HE =2 A= N S LIEHHDH

Lecture 3-26

0l€ £0,20,000 0/ Ve VOM LZ EJE [ M2 =3 HI0 Tt &L X

&0l HHALl
2.5V scale:2.5V x 20,000 Q/V =50 kQ

100V scale:100 V x 20,000 Q/V =2 MQ
250 V scale: 250 V x 20,000 Q/V =5 MQ

Circuit Theory |
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Voltmeter — Ohm/Volt Rating

e 8o Metg A6l
Voltmeter 2= DMM (LIS X & 11 MQ) D VOM (20,000 Q / V) S 2t2t 0]
E56t0d S35t
(@) JHEAl &R 2 B Y22
(b) LI X &0l 11 MQ 2 DMM 22 EXotH 22
(c) VOM (20,000 Q/ V) OZ SXH5tH M7
Scale2 20 V2 100 V& oAl 22 SHG 2t

R
My O A
I M) + Wy +
1 M)
+
. P
£ B 20V Vio E—=/=20V v,
O b o b
Example 6.26 Applying a DMM to the circuit of Fig 6.55
Boylestad # 192% & 6.55 Boylestad # 192% & 6.56
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Voltage Dividers with Resistive Loads (I)

- Load current and bleeder current
- In multiple-tap loaded voltage circuit, load
IT currents flow through load resistors.

KBTI - rGEl | - Bleeder current : the current left after the total
load current subtracted from the total current in

| ng the circuit.
12 ki)
¢ 3
¥

Vg — R é;
2V r—e 6.2 k() |

-
I,
D=

IRLl

2
. IrLo
[ B®

6.2 k{) 3 100RG 100RQ)

f Currents in a two-tap loaded
—i— _— —_— —_ voltage divider.
m = " e Floyd # 229% 12 6.30
lsLeeoer =13
Circuit Theory | Lecture 3-28
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Voltage Dividers with Resistive Loads (I1)

- Bipolar voltage dividers

- Both positive and negative voltages from a single source.

- Neither the positive nor the negative terminal of the source is connected to
reference ground or common.

- V., Vg : positive, V¢, Vp @ negative

—— ¢ ———0 +V,

2

B ¢——o +Vp

o 0 -}
§ Ry A bipolar voltage divider. The positive
and negative voltages are with respect
L 2 —0 -V to ground.
D ) Floyd & 231% 12l 6.32
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Potentiometer as Adjustable Voltage Divider

* The adjustable terminal or wiper is labeled 3.
* Ry; (resistance between terminal 1 and terminal 3) is one part, and
* Ry, (resistance between terminal 3 and terminal 2) is the other part.

1
1 R § The potentiometer
) 1 wliss = used as a voltage
Potentio Kl = - o 3 5= o 3 divider.
-meter : Floyd & 135% &

N 2 ‘ Aag 4.43
2 e
| 2

Adjusting the voltage divider. Floyd 2 136% & 4.44

Circuit Theory | Lecture 3-30
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Applications of Potentiometer (1)

= Volume control of radio receiver

- Since the loudness of sound is dependent on the amount of voltage
associated with audio signal, you can increase or decrease the volume by
adjusting the potentiometer, that is, turning the knob of the volume control

on the set.

- IF - a1 Audio
e Detector e
amplifier amplifier
.
Volume
control

A variable voltage divider used for volume control in a

radio receiver.
Floyd 2 136% 1& 4.45
- Transistor amplifier

- Another application for voltage
divider is in setting the dc operating
voltage (bias) in transistor amplifiers.

Circuit Theory |

+
=
§ R, < .
+ Transisto
TN . |
y. = Voltage . Base .'KI > A
S 7T divider pla

- ¥

'|| M

The voltage divider used as a bias
circuit for a transistor amplifier.
Floyd # 136% & 4.47
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a) Storage tank

Applications of Potentiometer (11)

« Level sensor in a storage tank

- The output voltage varies proportionally with the position on the wiper arm.

- The output voltage goes to the indicator circuitry, which controls a digital
readout to show the amount of liquid in the tank.

Resistive
element
Ground (potentiometer)
__y Empty
Moving contact G v
2 o (wiper arm)
= Processing -~ (o v
circuit H_ Sacal iy
Float
Volume
display
- »
Full
~Level sensor Full
& Supply Empty Output
voltage voltage
T ‘ ¥
A potentiometer voltage Output voltage ;
divider used as a level is proportional el

sensor.

Circuit Theory |

Floyd # 136% 12 4.46 (b) Detail of level sensor

to float position. = Ground

(c) Schematic of
level sensor
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|- ook G, =1/R,

G, =1/R,

MatM, i= WESIZR,DR,E L0 3201

Lecture 3-33

- Voltage and current sources
Source : non-electric energy € electric
energyZ HEh

independent : 3 ZLH2 #F 2t M0 2t &t
ol 9.

Ideal independent voltage source : &

B WS &7 0l 2AIBL0lI XIAIE HL v
=Xl

iy o2

- Ideal independent current source : 88
LHel et gholl Z2HI8lol XIAE 87 i 8
Xl.

S

10 o
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Circuit Elements - Independent Sources

JR S
V
dependent : 3 ZUH2 822t M0l It B3}

Lecture 3-34
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Circuit Elements - Dependent Sources
- Ideal dependent voltage and current sources.
2O OUE RO MY E=HF (v, i,)0ll 2AGHA B3},

EdXIAE S22

Circuit Theory |

E@XIAEE dependent sourceZ X| &8t 3|2
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Dependent Sources

o

+ V2 + EmY1 . ’}ia‘il . Ai
Vi Vi h h
O--=--=---- 0--------0  O--------0  O--------
VCVSor U type VCCS or g, type CCVSorr, type CCCS or gtype
(@ (b) (@
Figure 2.29 Designations for the various
controlled sources.
type parameter unit appellation
VCVS I dimensionless voltage gain
VCCS O Siemens transfer conductance
CCVS M Ohm transfer resistance
CCCs B dimensionless current gain

- Dependent source : potential of generating power = Active element

Circuit Theory |
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Ny MU Y MRS

o
—

Circuit o Equivalen;j circuit

Circuit Equivalent circuit
A Vi Vot Vp 0 Di, ®i,+i,
S ! |
Va Vy Va- o o
)~ D
., ONOR Di,-i,
o—@—o—@—o Not allowed
(n] (n]
- Y MR HE MFJAE Jis
-NY ARAU Y WY 2is

Circuit Theory |

Not allowsd
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Ideal Independent Sources

Circuit Theory |

—o0
+
V(1)
Figure 2.7 Ideal current source with
—o0 i(t)= 0 is an open circuit.
IR US NE2 REHH.
—o0
+
ov
Figure 2.17 A 0-V voltage source is
I equivalent to a short circuit.
Y W HEg2 0.

Lecture 3-38
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Voltage Sources:

* Non-ideal voltage source

i R_,- : JI‘um('r)
| MN——

! Lo+

i v.s'(” C) E an.n”)
| —o

- AN IS T M0l S0l Ot
o MEtA, S S50l Ot MRS EH Mg
Ol i 3tstCh.

e Ideal voltage
source V,

Ol QI MRS T XE0l SOILCk
- M2tA, 22 252 A0l B2 &
dere 3G
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Non-ideal and ldeal

v o B—

S

Lecture 3-39

Current Sources:

 Non-ideal current source

fuu[(”
——

O
+

iy(1) (D =R Voull)

0

- AN RIS UR N0l REUIL OFE.
o MEtA, AT 250 Mt IJR A EH MF
ot g8t

- Ol A MFRAS T N0l FEOICH
- M2tA, 22 252 A0l R3S &4
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Non-ideal and ldeal

L Vuu[

- iy, =GV,

s " out

V
e Ideal current

source
IS

+ 1,

Lecture 3-40
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Internal Resistance of Source

S5 HAZED| ol AP L0l 40 V OIALH
500 Q| M&E A2 A0l 36V Z BOIHELL
- 3 Oled A0l LA UL=DN?

S LIRS 0relot?

500 Q 20t 2 ot MEgS AZE M &
gHE Helot?

o

HgES HZ8 M &2 6E

@
]

) Example 5.51

Boylestad 3 147% & 5.54
g
3 +
= it R 5000 36V
40v L & e

(no load) =

(a) (b)
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Adjustable Voltage Source (1)

- 320N L0l ZEE = A0l ZRSHC.
o AFY:
«-5V 2 +5V At0|2] & 0|0 OF SHC}.
- 25l F= RAIE 02 =L

* 32 JIsE &t M2 dHES ALE0 0F 8t

- NI IS8 B8
e Potentiometers : 10 kQ, 20 kQ, and 50 kQ.
« H&: 10 QOIA 1 MQAHOISl HEE 1 % NES.
« S HARA 12V 1K, -12V 1 IH, FAH MFE= 242 100 mA.

TT
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Adjustable Voltage Source (11)

« VE -5V 2 +5V AH0|2 F2t0|0fO0F BHCH. ok

- = oltk. o o

- B 1D ME 29 MY %S 2 6D, e sy ) Load
HEe MEss designed ! circuit

- 29 528 0125H0{ v 8 RECH

- A2 MAD HRE BCH

The circuit being designed provides an
adjustable voltage, v to the load circuit.

:'_.E] a Ry, (1-aR, J'_‘E]
O<asg1
R; 3 R;
Load
circuit
() (2) = 12V -12v T

fa) (b)
(a) A proposed circuit for producing the variable voltage, v, and (b) the
equivalent circuit after the potentiometer is modeled.
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