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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 I mention this course doesn’t make you 

an electrician?



“Anything can be a fuse” - A Mechanical Engineer
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Electric circuits are closed loops that electrons flow through. Electrical 
energy is stored electrical potential difference.
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We generally think in conventional current flow, not electron flow
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In electronics we generally only have to consider a few fundamental 
quantities
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● Voltage
● Current
● Resistance
● Capacitance
● Inductance
● Reactance



We can use the water analogy for a bit longer
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Ohm’s Law relates all of these quantities
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Ohm’s Law relates all of these quantities
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Let’s apply Ohm’s law to a few systems
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We draw circuits in schematic diagrams with symbols to represent 
parts and connections



The symbols are “standard” for many components
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Junctions mark there connections are made
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We also use net name labels to reduce schematic clutter
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Golden rule - read the datasheet, completely, always, and ignore the 
“banner specifications” on page 1



Resistors
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There are common values, we recommend 1% or better
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Capacitors
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Inductors
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Diodes
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Switches
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Transistors
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Transistors can be operated in different modes
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Transistors as a switch
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FETs
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Voltage Regulation
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Motors
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Wire
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Connectors
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Start/Stop Circuit
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Failsafe Circuit
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Failsafe Circuit
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Voltage dividers are a building block you’ll find over and over



Common Equipment
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The DMM is your best friend and a good one can be had for about $50
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You can go as crazy as you want depending upon the features you need
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Never use these cheap meters or connect to AC unless you know what 
you are doing - and even then avoid cheap meters!

YT Channel: DiodesGoneWild

http://www.youtube.com/watch?v=iGUiZT6kLDk&t=384


Meter functions are marked with symbols on a dial or in a menu
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Voltage measurement is the most common task

● Select correct voltage function (AC/DC)
● Plug black probe into COM jack and 

red into V jack
● Select highest range if the meter is not 

autoranging
● Touch probes across DUT in parallel to 

the voltage to be measured
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Resistance Measurement

● Select the resistance function
● Plug black probe into COM jack and red into Ohms jack
● Touch probes across resistance to be measured, watch 

the units!
● OL is open circuit
● Continuity beeper function is great!
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Current measurements require a different hookup structure

● Select the current function (AC or DC), use mA for small 
currents

● Ensure the circuit is powered off and break the circuit
● Insert the probes in series at the circuit break
● Plug black probe into COM jack and red into correct 

current jack
● Power the circuit
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Pay attention to the mA/A connector - you may even need a current 
clamp device for higher current measurements
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What is RMS and why you do or don’t need it
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When would you need an RMS meter?
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Oscilloscopes are the second most used tool and are available at many 
price points and form factors



Oscopes graph voltage over time with generally large bandwidths
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The main screen generally tells you most of the things you need
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The vertical system controls the volts/div and offset of each channel
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The horizontal system controls time scale of trigger offset
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Choosing the right time base lets you see what you’re interested in
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Just free-running in time can produce nauseating displays
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The trigger system is designed to “freeze” a waveform

Images: Sparkfun

● Trigger level
● Type (edge, pulse, slope)
● 50%
● Force
● Trigger Hold Off



Probes should be “invisible”, but at high frequencies this means some 
RF magic
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Full size scopes have test points for probe compensation
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Scopes can be easily smoked (along with you) when probing 
non-isolated circuits
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There are a number of specs to consider when buying a scope
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● Bandwidth
● Analog vs. Digital
● Channel Count
● Sampling Rate
● Rise Time
● Maximum Input Voltage
● Resolution
● Vertical Sensitivity
● Time Base
● Input Impedance



Function generators can create known signals to feed into systems and 
can be found from a few hundred dollars
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END

















Stepper motors work by moving a magnetic field electrically
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Bridge circuits are a common configuration
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This can also be a factor when connecting two DAQ systems
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Input impedance tells us how much load a system puts on the DUT
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Mismatched impedance can cause puzzling behavior
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Impedance is really “AC resistance”
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