Electric Circuits for Physicists
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Syllabus

1. Electromagnetic field and electric circuits
1.1 About this lecture
1.2 What Is electric circuit?
1.3 Two-terminal devices
1.4 Circuit diagrams
1.5 Resistors
1.6 Capacitors
1.7 Inductors
2. Introduction to linear circuits
2.1 Linear systems and electric circuits
2.2 Power sources
2.3 Networks
2.4 4-terminal (2-terminal pair) circuits
2.5 Theorems in terminal pair circuits
2.6 Duality
2.7 Passive devices, active devices



Syllaus

3. Transfer function and transient response
3.1 Transfer function of passive two-terminal pair circuits
3.2 Two-terminal passive circuits
3.3 Transient response of passive circuits
4. Amplifiers
4.1 System control and amplifiers
4.2 Operational amplifiers
4.3 Transistors
4.4 Field effect transistors
5. Distributed constant circuits
5.1 Transmission lines
5.2 Propagation through transmission lines
5.3 S matrix (S parameters)
5.4 Schrodinger equation and LC transmission circuit



Syllabus

6. Signal, noise, waveform analysis
6.1 Fluctuation
6.2 Noise from amplifiers
6.3 Modulation and analog signal transfer
6.4 Discrete signal
7. Digital signal and digital circuits
7.1 Introduction to digital signal
7.2 Logic gates
7.3 Logic circuits implementation
7.4 Circuit implementation and simplification of logic
operation
7.5 AD/DA converters
7.6 Digital filters
7.7 Language to describe hardware: HDL



Ovutline Today

1. Electromagnetic field and electric circuits
1.1 About this lecture
1.2 What is electric circuit?
1.3 Circuit diagrams
1.4Two-terminal devices
1.5 Resistors
1.6 Capacitors
1.7 Inductors
2. Introduction to linear circuits
2.1 Linear systems and electric circults
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For what this lecture 15?

Experimentalists:
Knowledges on electric circuit are indispensable.

Purposes:
Understand how circuits work.
Design circuits along research plans

General physicists:
Meta physics



Coupled pendulum and neutrino oscillation

Pendulum oscillation
A

> time
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Linear response System stability Analog and digital
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- Digital filter




1.2 What is electric circuits?: Thunderbolt struck a pla




Your answer?

Fell down and crashed

Nothing happened




Plasma frequency
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E = FEpe ™™ 1 =10 = mw?zy = ek
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Electric polarization: p — _peg, = — 2 Lo
mw?
D P 2 w2
e(w) = (€ =1+ ) 1 _q_
o (w) eo ' (w) €01MwW? w2
o ne’ .
w; = —— : Plasma frequency
€Eom

Cu;: n=8.5x%x10%2/cc m" =13m,
fo = wp/(27) = 2.3 x 10*° Hz A = 130nm Near ultra-violet

Metals are super-screening materials! Equipotential lines



Picture diagram

jagrams

td

S
O
| -
o
7))
-
=

ZUFT
-CS-7

FH #E #R Bt

DELICA DX

1.3 Var



Various circuit diagrams

Parts + Wiring
= Wiring (Circuit) diagram
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Wirings In electric circuits

4
4 C
% fot FE 12 foe FEBEHE
Connected Not connected Not connected

Violate electromagnetism theory

Concept of local electromagnetic field
= Lumped constant circuits (5 2 7€ £ [2] &)




Circuit symbols for two-terminal devices

FEHEHLE O UAEHR® arF o RES AN

giaqn  WIEHAD



Basic concepts In electric circuits

Electromagnetic

Boundary  system
condition

Metallic wiring (node,
equipotential line)

O
Terminals Local Terminals
(input) electromagnetic  (Output)

fields



What Is current-voltage characteristics?

T

(a) - (L (b)

Resistor

1, A

(c)




What Is current-voltage characteristics?

Curve tracer




Variable resistors

Rotary switch

Carbon helical  Helical :
potentiometer

potentiometer

iy

Resistance

Rotation angle

Cermet trimmer

trimmer



Fixed resistors

Chip resistors Carbon film resistors ~ Metallic film resistors (spiral)
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Metallic film resistors (meander) High power type



KhigeD 7 —a— R

B | F18F | F2HF | 3T | F4HF | EO5HTF
=2 0 0 0 10° X
PAS 1 1 1 101 +1%
Din 2 2 2 102 +2%
Bl i) 3 3 3 103 X
4 4 4 10 X
53 5 5 5 10° X
H 6 6 6 106 X
S 7 7 7 107 X
R 8 8 8 108 X
= 9 9 9 109 X
& X X X 101 +5%
iR X X X 102 +10%
i1 32 X X X X +20%




Color code for resistors

4-Band-Code

2%, 5%, 10% 560k Q +5%
I 1 [ Ml. 1 [ |

I | -
| . | | . | Big
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Black ' _/ boyS

Brown : i ! 1%  (F) — [aCe
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237 Q +1%

[ 1 [
0.1%, 0.25%, 0.5%, 1%

5-Band-Code



Variable capacitors

\ .

(b) (¢) (d)

Steatite Tandem Poly-Ethylene Ceramic

Air capacitor



Fixed capacitors

Ceramic capacitors

' ' ' Stacked type
Single disk pair type

Film capacitors
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Chemical capacitors
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Surface mount chip capacitors




Variable inductors

N2
L:Kx,uTS:KxunNSJ

4 1 —k? 1 — 2k?
K (Nagaoka coef.) = P [ 13 K(k) — 12 E(k) — k]
L  v1—-k?
2a k
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Fixed inductors

Toroidal coil

W R
B

.

Chip inductor






2.1 Linear system and electric circuit

2.1.1 What is linear system?
f(Ciz1 + Comz) = C1 f(21) + Caf (22)

Input Output
(Cause) X S s (Result)
>
u; (t) w; (1)

Y Cuilt) Z Cw;(t)



Linear system: definition

w(t) = Z{u(t)} :Response

Requirements

Invariance: Vi, w(t —t1) = Z{u(t —t1)}
Causality: u(t) = () (t < tl) — w(t) = ( (t < tl)
~

@ Principle of superposition:

VC’l, CQ < C, %{C’lul(t) -+ Cz’dz(t)} — C’lwl(t) + Cz’wg(t)

2{ [~ cauta.ode} = [ clo@iuta.)dg

—O0




Transfer function

Variable g — time t c(t)
<
(t) = 1 |t <6t/2,
0 others - t
—6t/2 ' 6t/2

u(t)= Y ult)elt—t) > u(t) = /_ T ()t — 1)

d(t—t)=06(t—1t)

w(t) = B{u(t)} = & { /_ T w5t — )t

— /_ ) u(t)Z{o(t —t')}dt' = / u(t')E(t, t")dt’

— 00



Transfer function (Impulse response)

E(t,t) =2Z{6(t —t')} :Impulse response, weight function

Invariance — &(t,t1) = &(t — t1)

w(t) = /_ Tt — )it = / u(t — VW) dt

— OO

_ Convolution
Fourier transform:

X (w) = /_ T aWedt,  a(t) = /_ i X(w)ei“tg—:
W(w) = Uw)E(w)

Transfer function




Metals: super screening material
Circuit diagrams
L ocal electromagnetic field

2. Introduction to linear circuits
Transfer function



