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" | Outlines

® inear resistor & Ohm’s law

= Power & energy
= KVL/KCL

= Equivalent circuit
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= | Review: a simple circuit

________________________

[ —>
+ | l Iin
Vbattery _—r_ 5, Vi
_ ) i _ l ,
/ out
szitch
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¥ | Resistance & Conductance

=IO p% @=v/4)

A

Resistance, R, represents the ability to resist flow of electric current

Conductance, G = % (S=A/V)

* Resistivity of some common materials

_____________________________________________________________________________

i Graphene 1x107802 -m i Aluminum 2.82x107%02 - m i
Silver 1.59x107302 - m Iron 9 71x10-80 - m
Copper 1.68x107°2-m Platinum 1.06x1077Q2 - m
Gold 2.44x107°02 - m Titanium 4.20x1077Q2 - m
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" | What is a resistor?

Resistors are passive electrical components that reduce

the flow of electrical current in a circuit.

N
N

({{;
\\ A‘
Axial resistor Surface Mount
Devices (SMD)
resistor
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" | Resistor properties

Resistance
o represents the ability to resist flow of electric current

Resistor noise
o Thermal noise: main contributor to resistor noise
o Current noise: declines when frequency is increased

Temperature coefficient of resistance (TCR)
o Relationship between resistance and temperature
o Measured in ppm/°C

= Power rating
o Maximum energy a resistor can dissipate without damaging or altering
the properties
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" | Color code for axial resistors

color code ‘

4 bands resistc with +/- 10% tolera
d TI\I I l da (looser tolerance) I I_I

237 Q
| I with +/- 1% tolerance

1.8+ 0.3 3.0+ 0.3 1/8
25+0.3 6.5+ 0.5 1/4
3.2+ 0.3 8.5+ 0.5 1/2 | |
White 9 9 9
5+4+0.3 11+1 1 Gold i @ +/- 5%
Silver x .01 Q +/~ 10%
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" | SMD resistors

/ EIA-96 code
h%@f
w /u/

EEEEN E T M

0201 20x 10 1/20
0402 40 x 20 1/16
0603 60 x 30 1/10
0805 80 x 50 1/8
1206 120 x 60 1/4
2010 200 x 100 3/4
2512 250x 120 1

SMD = Surface mounted device
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" | “Resistors” are useful

Force sensitive resistor

2/28/20

Left hand Right hand
(healthy) (deafferented)
50 50
40 vision off 40 vision off
g 30 target 30
2 I
5 20 20
10 10
% 1 2 3 4 5 6 7 9
[Cortex 2016]
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" | “Resistors” are useful

Photo resistor

Symbol —W—

2/28/20

Plated electrode

Photo
sensitive
track

Plated electrode

Connection pin

Light dependent resistor (LDR)
Sensitivity varies with the light wavelength
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" | “Resistors” are useful

Thermistor

= Thermistor is temperature sensitive resistor
= Positive temperature coefficient (PTC)

thermistor : resistance increases as the
temperature increases

= Negative temperature coefficient (NTC)
thermistor : resistance decreases as the
temperature increases
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" | Outlines

® inear resistor & Ohm’s law
o Resistance & conductance

o Ohm’s law
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= | Ohm’s Law

Ohm’s law states that the voltage across a resistance is directly
proportional to the current flowing through it.

Mathematical relationship of Ohm’s law: v(t) = Ri(t)

A V(@)

Real practical resistor

2 V()

Slope of the line is R
> ()

> i(t)

* The resistance measured in ohm (£)
= The resistance is the constant of
proportionality between the voltage and Linear region
the current .
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= | Open Circuit & Short Circuit

= Open circuit: no path for current flow B R=wx
= Short circuit: no voltage drop B RrR=0
open short open switch = open circuit
circuit circuit
—>o— —o—(— a/c
Ry Ry closed switch = short circuit
AN— vy
tono- BECE —0

*Note:

= open/short circuit is the basis
for modeling a switch behavior.

= No perfect switches

“ O
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= | Example 1

QUESTION: Find the voltage at V in the circuit below:

R, = 10Q
W— o
+ ANSWER: V1, = 3.3V
V, = 3.3V
O "
? How much current flows through R,
o

QUESTION: Find the voltage across the resistor V4 in the circuit below:

b ANSWER: 1, = OV
54

<D " $’ R, = 100

? What is the voltage difference across I

2/28/20 Milin Zhang, Dept of EE, Tsinghua University 16



" | Outlines

® inear resistor & Ohm’s law
o Resistance & conductance

o Ohm’s law

o Open circuit & short circuit

=" Power & energy
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= | Power

The POWER delivered to or supplied by
a device is the product of the voltage

and the current

+ v(t) -

Device

= Instantaneous power
p(t) = v(t)i(t)

= Average power

_ 1 to+T
P = T J p(t)dt
to

— ()

—5 i=34
’ | +
AV — _4v
| _
Device 2

p >0  Power delivered to device
p <0  Power supplied by device

*Note: The average value of any periodic waveform
can be computed by integrating the function over a
complete period and dividing this result by the period
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" | Power in dB

Decibel (dB) is a unitless measurement for expressing ratios

= For power

= For voltage

2/28/20

P

P
10log, ¢ T =>dBm
1%
ZOlogloﬁ edBV

v
2010g10W adBmV
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= | Example 2

QUESTION: Assume the load of a transceiver is R; = 50(). The voltage measured
at the output point is V,dBV. Find the output power in dBm

VZ
The output power P,,;= ;“t
L

1
= (10l0g10 R x1mW + 20logloVout) dBm
= (13 + V,dBV)dBm

2/28/20 Milin Zhang, Dept of EE, Tsinghua University 20



" | Energy & Effective I/V

If a constant amount of power P is delivered over an interval T
the ENERGY w supplied is

w = jOTp(t)dt

EFFECTIVE VALUE is found by first determining the square of the
current/voltage, then computing the average or mean value

1 t0+T
Vyms = Tj v2(t)dt
t
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" | Example 3

+ v(t) -
Given the voltage v(t) = Vpcos(wt + @y) _, i(t)

— Device

Given the current i(t) = Ipcos(wt + @;)

= |nstantaneous power p(t) = v(t)i(t) = Vpcos(wt + @y) Ipcos(wt + ;)

1 1
= EVPIP cos(py — ;) + EVPIPCOS(Z“)t +ov+91)

to+T
= Average power p = Tj p(t)dt
t

1 (totT 1
= —j (E Vplp cos(py — @) + EVPIPCOS(Zwt + oy + QDI)) dt
t

=—=Vpl ( 1%4 ) - ! ( 1% )
= —1V COos\@ @ CoOS\@Qy — @
2 PP 1 (—2 ,—2 1

2/28/20 Milin Zhang, Dept of EE, Tsinghua University 22



" | Example 3

Given the voltage v(t) = Vpcos(wt + @y)

Given the current i(t) = Ipcos(wt + @;)

+ v(t) -

Device

— (1)

1
Instantaneous power p(t) = EVPIP cos(py

v2(t)dt =

_ Vp Ip
= Average power P= —I; ¢ cos(py —
| 1
= Effective voltage Frms = \/ Tf
t
| 1
= Effective current Lrms = \/Tj
t
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- QDI) + EVPIPCOS(Z(Ut + Qy + QDI)

901) = Vrmslrms COS(QDV o 901)
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" | Maximum Power Transfer

Practical voltage source

)
SR = Voltage of R}

a-

= Power attheload R,

v 1v.\* 1v2
P, =vg,i=(vs —iRs)i =—R (iz——si) = —R ('___5> + 25
L Rj, S S S Rs st ZRS 4RS
1 USZ,TmS
=4 R The maximum power being absorbed by the load
S
1 USZ,TmS

u WhenRS:RL PL:PL’max:Z R
S
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" | Outlines

® | inear resistor & Ohm’s law
o Resistance & conductance
o Ohm’s law

o Open circuit & short circuit

= Power & energy

o Definition of power

O

Power in dB

O

Definition of energy

O

Effective current/voltage

o Maximum power transfer

= KVL/KCL

2/28/20 Milin Zhang, Dept of EE, Tsinghua University
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" | Review: Lumped Matter Discipline (LMD)

» The rate of change of magnetic flux linked with any portion of the circuit must
be zero for all time.

I
3§E-dl=——=o
ot

» The rate of change of the charge at any node in the circuit must be zero for
all time. A node is any point in the circuit at which two or more element
terminals are connected using wires.

aq
]-dS—f J-dS=—=0
Sy

s, ot

» The signal timescales must be much larger than the propagation delay of
electromagnetic waves through the circuit.

LMD:
The fundamental of circuit and system theory
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2 | Kirchhoff’s Voltage Law (KVL)

» The rate of change of magnetic flux linked with any portion of the circuit must
be zero for all time.

0% _ N
jéE' =——; =0 D Zvnzo
n-1

KVL: Sum of voltages around a closed path is zero

Sum of voltage drops = Sum of voltage rises

Rl RZ
VWA VW * Note
+ o - - VT = Add up the voltages in a systematic
<+> clockwise movement around the loop
Vs1 - Vo = Assign a positive sign to the voltage
R3
M—

across an element if the (+) side of that
voltage is encountered first, and assign
a negative sign if the (-) side s
V3~ encountered first

v

+

VSl - V1+ VZ - V52+ V3 == 0

2/28/20 Milin Zhang, Dept of EE, Tsinghua University 27



2 | Kirchhoff’s Current Law (KCL)

» The rate of change of the charge at any node in the circuit must be zero for

all time. A node is any point in the circuit at which two or more element
terminals are connected using wires.

Sx

N
0
]-dS—f ]-dS=a—q=0 B zi":O
S t
Y n—1
KCL: Sum of currents entering a node is zero

i1+i2_i3_i4:O

* Note: sign convention in Engineering
= Assign a positive sign to current
entering a node

= Assign a negative sign to current
entering a node

2/28/20 Milin Zhang, Dept of EE, Tsinghua University 28



2 | Example 4: power source connection

QUESTION: Find if the connection of the circuit is right or wrong

Vg1 O Igq
[e}Ne] |
Vs2 O B Is . 2

If Vg # Vi, If Iy, # I,

X X

2/28/20 Milin Zhang, Dept of EE, Tsinghua University 29



" | Example 5: Ballast resistor

QUESTION: Find if the resistance of R,

VLED =2V

v, =12V

A ballast resistor is used to limit the
current through a device, and to prevent
that it burns

=  According to KVL
VS_VRl_VLED =0
2 Vg, =10V
= According to Ohm’s law

Vg,

Rl_

= = 40Q
ILep

2/28/20 Milin Zhang, Dept of EE, Tsinghua University
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2| Example 6

QUESTION: Find the output current of the voltage source

+ Vi — Vg, T - .
I I Stepl defineiand v
—; Ry —i Ry
VW VWA . ’
N L5 A Is Step 2 According to Ohm’s law
% Ve, R Ve, R, Ry '5 Vi, r Ve, = LRy
VR1 = 11Ry
< VRl == IlRl
VR1 =L R,
g VR1 = LR,

2/28/20 Milin Zhang, Dept of EE, Tsinghua University 31



2| Example 6

QUESTION: Find the output current of the voltage source

Node 1
Node 2
1 , oee Step1 define i and v
—; Ry —i Ry
w L5 w L) L5 Step 2 According to Ohm’s law
. > s %3 [ Vg, = iRy
—— VR1 = 11Ry
N < Vg, =LR;
Node 3
VR1 =L R,
= According to KCL
e | Vi, = LR,
g 11 — 12 — 13 = O

Step 3 Check the nodes
< 12 — 14 - 15 == 0

11_13_14_15:0

™
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2| Example 6

QUESTION: Find the output current of the voltage source

Stepl define i and v

W L W L) L Step 2 According to Ohm’s law
1A 1 |R, 2 Ry 3 RS% g VR1 — 11R1
VR1 = 11Ry
< VRl = IlRl
VR1 = 1L1Ry
= According to KCL = According to KVL Vo = LR
L YRy T it
(L —I,—Is=0 (V= Vg — Vg, =0
17278 s TR TRg Step 3 Check the nodes
N L-I4—-I5=0 2 VR3_VR2_VR4:O
i L= ly— I, — s = 0 \ Vi, = Ve, =0 Step 4 Check the loops
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2| Example 6

VS

SO — O O O O O O O

~

<] o [se] <t
~ 12 13 14 IL VR VR VR VR VR

0 -1 -1
0
0
0
0
0
R
0
0

1
0
0
0
0
R
0
0
0

Very friendly to numerical calculation !

34
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2| Example 6

QUESTION: Find the output current of the voltage source

I =1 +13 I = According to KVL

R, R,
AN )
I N O AR
Vs R3 Ry Rg $ < VR3 — VRZ — VR4 =0
L Ve, — Vg, =0
v
~
R4 R4 R; I, V Vs — (12 + 13)R1 —I3R; =0
—R; Ry —Ry 13] =10 4a N IR3—LR,—ILR, =0
—R 0 Ry+R:1L 0
5 4 54 Lig L IL,LR,— (I, —I,)Rs =0

3 equations in 3 unknowns
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= | Example 7

QUESTION: Find the output current of the voltage source

Rl = 1.Q.A _) e 24

= According to KVL
Q Iov,s Vo Vi, = Vey = Vey = 0
V, = 50V 2 B
3_49 4_109 _VIS+VR2+VR4_O
v

50_11_512_411 :0
(501, — 51, —4l; =0 V. + 51, + 10x2 = 0
< _VIS —+ 512 + 10)(2 == O

= According to KCL

11+2:IZ

-

Il + 2 = 12
3 equations in 3 unknowns

2/28/20 Milin Zhang, Dept of EE, Tsinghua University
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" | Outlines

" Linear resistor & Ohm’s law
o Resistance & conductance
o Ohm’s law
o Open circuit & short circuit

= Power & energy
o Definition of power
Power in dB

a

a

Definition of energy

a

Effective current/voltage

a

Maximum power transfer
= KVL/KCL

= Equivalent circuit

2/28/20 Milin Zhang, Dept of EE, Tsinghua University
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" | Resistors in series

VOLTAGE DIVIDER
According to KVL Vs = IRy + iR,

5 L
Ry > =5
. + R{+R>
R, V , R, Voltage divided
o — VZ = le = —I/S - 5

R + R, over resistors
- - N
= Equivalent resistance, R.,,
. . . Req — Ri
(series) is sum of resistances
i=1
= Voltage difference across a R.
. . . . L
single resistance of resistors in V; = R V,
eq

series

2/28/20 Milin Zhang, Dept of EE, Tsinghua University 38



" | Example 8

QUESTION: Find the output voltage on R;

Rsig 41
W - J
+

Us I, = gmv <
n < - x — YmVlx
_> Rg; $> € Ry vout

Rg
= According to the rule of voltage divided over resistors vy = Vs
Rgig + R¢

" According to Ohm’s law v, = R,
1

= RsGmVx = Rsgm(v1 —v2) B v, = 1+g,.R 1
mits

= According to Ohm’s law, the voltage on R} Vout = —9mVxR1
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" | Resistors in parallel

o~

2/28/20

= Equivalent resistance, R.,,
(series) is sum of resistances

= Current flowing through a
single resistance of resistors
in parallel

According to KCL

- L
l=l1+l2+l3:R1+R2+R3
Vs

R

N
1 1
R, i=1Ri

R
iy = — i

R;

Milin Zhang, Dept of EE, Tsinghua University
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" | Equivalent circuits

[ —>
— U o | i i1 i ) l i3
Original + Rest of the ! . . .
circuit " circuit % o 2 3 %
—, |
' [ —> |
— by i
. e : <
Equivalent + Rest of the v, : Req S
circuit " circuit [
D iz - :

= |f the current & voltage at nodes are identical, the circuits are considered “equivalent”

= |dentifying equivalent circuits simplifies analysis
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2| Example 9

QUESTION: Find the value of the equivalent resistance, R,

Find the output current of the voltage source

> Reg
Ll g, -> r,
v —WW ANSWER:

=
—()—
U/
o
&
&
VWA
X
w
=
_|_
X
[N

°@ " Ry + R"
[ =28
o _RaRs " Reg
R, + R:
R4R5
"=_—22° 4R
R,+Rs ¢
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" | Source Transformation

The goal of source transformation is to turn a voltage source into
current source, and vice-versa

_______________

| V-SI'C :

: p i = For the v-src, according to KVL
| S| => -

+ Rest of the —Vs + IRg, + Vyyy =0

;s Tout circuit

= For the i-src, according to KCL

~

' i =i+i,
pommmneees <

| ' Vout

' i-src ! i, = -

: o j Si

: kSt o - i

: + Rest of the _ _

| i5¢ RS‘%:J iy Vout circuit " WRsy = Rei = Rs
: ______________ : vs — isRS
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2| Example 10

QUESTION: Find the current of Ry

=
——AM—
A
Dn2
3
>
- g
Rl
— AN —
w. .............
>
;+_—
) -
o

ANSWER: [p_ = 0.254

? Shall we calculate the output current of V¢ using this method

44
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" | Outlines

® Linear resistor & Ohm’s law
o Resistance & conductance
o Ohm’s law

o Open circuit & short circuit

= Power & energy
o Definition of power
o Power in dB
o Definition of energy
o Effective current/voltage

o Maximum power transfer
= KVL/KCL

= Equivalent circuit
o Resistors in series/parallel

o Source transformation

2/28/20 Milin Zhang, Dept of EE, Tsinghua University
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" | Reading tasks & learning goals

= Reading tasks

O

Basic Engineering Circuit Analysis (10" edition)
e Chapter2.1-2.6, 2.8, 2.10
e Chapter9.1,9.2,9.4,9.5

" Learning goals

O

O

O

2/28/20

Be able to use Ohm’s law for circuit analysis

Be able to calculate power/energy/effective V/I of a circuit
Be able to use KVL/KCL for circuit analysis

Know how to combine resistors in series/parallel

Know how to do source transformation

Be able to analysis circuit containing dependent sources
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