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A Few Safety Notes
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Never work on high voltage DC or any AC
systems unless qualified

This class doesn’t qualify you

Don’t work on live systems if possible
Don’t work alone

Unsure? Stop

Did | mention this course doesn’t make you
an electrician?
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“Anything can be a fuse” - A Mechanical Engineer
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We draw circuits in schematic diagrams with symbols to represent
parts and connections

|'10M|'

¢is

S N I |0.01~.u K
O

[Piezo_1} 100k 2 - ' TTP% ; ' ' * ' ;
4| 20823 >4 —e—e PWR_FLAG
e e Sl

44
2
dy 3
Aux ADC 4
-1
TR ]
3
4 . -
4 GND
[Tom}
! y : g s 5
g TF27 - ) < .I |0.01U [ 5.
)
R13 &
[Piezo2 > {100k L] - x
.| #0823 7
. [LVE5REFFS} + g . OTP28

A | EEMANGEOPHYSICAL

CONSULTING & INSTRUMENTATION



The symbols are “standard” for many components

Resistors Variable Resistors Switches e
o—0 o—o 1=
—AMA— o—{ }— —0_ o—o =
Variable Potentiometer SPST SPDT SP3T DPDT
Capacitors i Inductors Diodes
Polarized LED Photodiode Schottky Zener
Voltage Sources Batteries Voltage Nodes
oL Ty
T L A 3
1 cell 2 cells GND GND AGND
BJTs n-Channel MOSFETs p-Channel MOSFETs
S S s
gl @ 4 5
e CJ% 5 |k 1#; @ i
S D
S S S D D D

Logic Gates

Z}IZED > 5) OF) >

XOR NAND XNOR

lntegrated Clrcmts
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Junctions mark there connections are made

5V

A
Not Connecte IC1
\ D-— 12 USBDM  TXD
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Connecte 20 YOO Clis
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)\ VCCIO  DTR
DSR
| Ci1 ] C15;—\’f- % 0SCl DCD
o.1uF | 10uF ] 9 B2
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We also use net name labels to reduce schematic clutter
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Electric circuits are closed loops that electrons flow through. Electrical
energy is stored electrical potential difference.

Direction of electron flow
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We generally think in conventional current flow, not electron flow
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BENTAMIN FRANKUIN?
[ YES?

T BRING A MESSAGE

FROM THE FUTURE!

T OONT ‘HAVE MUCH TIME. WHAT IS T?
THE CONVENTION YOURE SETTING
FOR ELECTRIC CHARGE 1S BACKWARD,
THE ONE LEFT ON GLASS BY SILK

SHOULD BE. THE NEGATIVE CHARGE.

WE WERE. GOING TO USE THE TIME MACHINE To
PREVENT THE ROBOT ARDCALYPSE, RUT THE

GUY WHO BUILT IT WAS AN ELECTRICAL ENGINEER.
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In electronics we generally only have to consider a few fundamental
quantities

volume charge coulombs
flowrate €-9- €M *Isec flowrgate ——_— sooend L mpores
° VOItage i | : L wah 12 volts d ~12 volts
e Current pressure 50 Ib/in ~I5b%n2 voltage
e Resistance Pump O Battery ik
) 2
® (Capacitance 2 Ib/in
p et 0 volts ~0 volts
® |[nductance low -t low .
pressure voltage 2
e Reactance | 1 I
Poiseuille's = Ohm's
Reservoir Law Ground Law
' AP AV
F = = I = -
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We can use the water analogy for voltage, current, and resistance

[— Less resistance

W GV Vg g G g g g g v

iV g i g g i g

Amperage More resistance

Voltage Yy ’llllﬂ,
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More Less
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Ohm'’s Law relates these quantities
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Ohm'’s Law relates all of these quantities

P=power — [ .V =voltage
2

I=current R =resistance
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Resistors
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There are common values, we recommend 1% or better

Table J.1 Standard Resistance Values
Colour | Band 1 Band 2 Band 3 Band 4 ‘ e
Flrst dlglt Second dlglt Mump"er T°|eran°e 5% Resistor Values (k) 100-174 178-309 316-549 562-976
10 100 178 316 562
Black 0 0 x1(x1) - 1 102 182 324 576
Brown 1 1 x 10 (x 10) 1% = s i1 it ot
Red 2 2 X 100 (x 100) 2% s o e e
Orange 3 3 x 1000 (x 1k) not used ;g ::Z %(1)(5) igi g:g
Yellow 4 4 x 10000 (x 10k) not used n 121 215 383 681
Green 5 5 x 100000 (x 100k) | not used i e 2 o o
Blue 6 6 x 1000000 (x 1M) not used gg :ig gg :g ;f-,?,
Violet 7 74 - not used 36 137 243 432 768
Grey 8 8 : not used 2 e or 25 =
: 47 147 261 464 825
White 9 9 = not used 51 150 267 475 845
Gold = % - 5% 56 154 274 487 866
2
Silver - - - 10% - i o 3 S
75 165 204 523 931
82 169 301 536 953
91 174 309 549 976
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Find the current flowing through the following circuit
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Resistors in parallel and sum in different ways

Series Resistors Parallel Resistors
Current is the same across each resistor. Voltage is divided. Voltage is the same across each resistor. Current is divided.
R, R, R;
| |
| l

Requivatent = R1+ Ry + ..+ Ry_1 + Ry Reguiatent = 7= .
._.+ _+...+ +_
R1 Ry RN-1 RN
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Now, find the current limiting resistor required for this circuit
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Voltage dividers are a building block you’ll find over and over

Ur
R U
Ry
U .
p —
Ry
Vout = Vin -
ot ! R1 + RQ
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Wire - it is a component too!
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Connectors
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Common Circuits You May Encounter
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Start/Stop Circuit

+21RPC Ground

L .M..O.T

Relay Coil

Relay Contact
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Failsafe Circuit

L, L,
switch 1 siren
¢ P 4 /\/
switch 2
* / — —
\\ ; S
Switcha open wire connection
‘ e |
switch 4
L%
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Failsafe Circuit

L, L,
switch 1 switch 3 CR1
2 o Lo o o S O—q
switch 2 switch 4
CR1 siren

T N—

A LEEMANGEOPHYSICAL

CONSULTING & INSTRUMENTATION ~* Image: instrumentationtools.com




Common Equipment
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