
PHY405-L03
R, L, C, and Computer Control
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Lab reminder
● Read lab manual before you come to the lab
● Read equipment manuals before you come to the lab

○ If you need something from equipment manuals, you need to know where 
to look it up… 

● Design your circuit ahead of time
○ They are likely the ones you simulated last week

● Sign in
● Follow safety restrictions
● Bring your lab notebook
● If something doesn’t work, it’s expected. Debug and get help
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Breadboard housekeeping
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Lab 2 - R, L, C

● Measurements of circuits with
○ Resistors
○ Capacitors
○ Inductors.

● Internal resistance
● RC and RL Circuits and Filters
● 3 ways to make Bode Plots
● Computer control of instruments
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Bandpass filters

● Combine low pass and high pass filters, you can get a 
bandpass filter
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Why bandpass order matters

Swap 1↔ 3, 2↔4
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● Calculating the filter response is possible with these 
formulas, though might be easier with the simulation



Computer Control

● Computers and electronic instruments can be connected in 
various ways:
○ RS232 (Recommended Standard 232 for Serial port)
○ GPIB (General Purpose Interface Bus)
○ VXI , PXI, …
○ Ethernet, WiFi, Bluetooth, …
○ USB (Universal Serial Bus)
○ …
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https://en.wikipedia.org/wiki/RS-232
https://en.wikipedia.org/wiki/IEEE-488
https://en.wikipedia.org/wiki/VME_eXtensions_for_Instrumentation
https://en.wikipedia.org/wiki/PCI_eXtensions_for_Instrumentation
https://en.wikipedia.org/wiki/Ethernet
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/Bluetooth
https://en.wikipedia.org/wiki/USB


Serial / RS-232

● Serial port (often RS-232) is the most common communication 
protocol for experiment control

● 3 lines:
○ TX: Transmitter
○ RX: Receiver
○ GND

● Digital signals transmitted
○ +3.3 V or +5 V

● Often there’s a cross-over
○ Causes a lot of headaches
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https://learn.sparkfun.com/tutorials/
serial-communication/wiring-and-ha
rdware



National Instruments LabVIEW
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Not until you buy…

Usually ~$1k per license per year



PyVisa

VISA: Virtual 
Interface Software 
Architecture
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https://pyvisa.readthedocs.io/en/latest/


SCPI

● SCPI: Standard Commands for Programmable Instruments
● Eg. scope.query(":WGEN?")

      scope.write(":WGEN:OUTPUT ON")
      scope.write(":FRAN:DATA?")
      scope.read()

● Sending commands too fast can cause trouble
scope.query("*ESR?")

● SCPI Introduction via this link
● query == write + read
● SCPI control → Pressing buttons with your computer 11

https://en.wikipedia.org/wiki/Standard_Commands_for_Programmable_Instruments
https://rfmw.em.keysight.com/spdhelpfiles/33500/webhelp/us/content/__I_SCPI/00%20scpi_introduction.htm


Device manuals and programmer’s guide
● Device manuals usually tell you how to manually

use the equipment
○ Including the physics, technology, connections,

specifications, limits, etc.
● Programmer’s guides tell you the computer

control methods
○ Eg. SCPI commands

● Skimming through both ahead of time often
speeds up experiments

● You need to know where to look up information
when you need it 12



SCPI command example

● scope.write(":WGEN:OUTPUT ON")

● scope.query(":WGEN:OUTPUT?")
13



SCPI command example

● scope.query("*ESR?")
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Example codes

● PHY405_Test_USB_Control.py

● PHY405_Bode_Plot_Analyze.py

Note: You are expected to understand the example codes
and modify them to suit your needs 15

https://www.physics.utoronto.ca/apl/405/libs/code/PHY405_Test_USB_Control.py
https://www.physics.utoronto.ca/apl/405/libs/code/PHY405_Bode_Plot_Analyze.py


PHY405_Bode_Plot_Analyze.py
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PHY405_Bode_Plot_Analyze.py  --- 2

● Find and initialize scope
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PHY405_Bode_Plot_Analyze.py  --- 3

● Do frequency analysis
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PHY405_Bode_Plot_Analyze.py  --- 4

● Read out data
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PHY405_Bode_Plot_Analyze.py  --- 5

● Make plots
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Example Bode plot
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LCR Circuits
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Series LCR Falstad Simulation
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https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjAzCCsB0AMinJQFgKYFoAcIDssAbGAJx7bSHR4BMZ81MJMI2NAUAMYg2rziF+vIdlz8wWXJjCpY2VBHg0aeRCXgkw0GiHgJ4YdgCcefHqNYix4JOwA2p8YMsD+b2GF36weEr0gkFNCoNAaEhOwAbi5gzthWuuAwSCxuXtDsAPYgULh44BDUSl5InnqliWUI0CAAggDCADoAzgDKmQCuRpzoWUl5BdCk7hXliGVJep4ASujNAJbNAC6ZRn38A2A00NAj4yX74iUQZKEqQyGx0NhQ9QCGAA53nPMra9k6Awp4qDx7hNtKiVfgBJAB2ABMOpw3uwgA


Impedance of LCR in series
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LCR Resonance

● Because the impedances of inductors and capacitors are 180° 
out-of-phase, they can cancel each other out at the resonant 
frequency where their magnitudes are the same:

● The impedance has it minimum value, |𝑍0| = 𝑅, at resonance, 
so the current (and hence voltage drop across the resistor) is a 
maximum. 
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Simple LCR Resonant circuit
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Falstad Filter example

Attenuation

Phase

https://www.falstad.com/afilter/circuitjs.html?cct=$+1+0.000005+5+50+5+46%0A%25+4+33623165.424224265%0Al+176+128+288+128+0+0.001+0%0Ac+288+128+368+128+0+1e-9+0%0Ar+368+128+480+128+0+100%0AO+368+128+368+208+0%0Ag+480+128+480+192+0%0A170+176+128+144+128+3+10+150+5+0.5%0Ao+5+128+0+34+5+0.00009765625+0+-1%0Ao+3+128+0+34+5+0.00009765625+1+-1%0A


Phase and Width of Resonance
● At high frequencies the inductor dominates the impedance so 

the voltage 𝑉 leads the current 𝐼, while at low frequencies the 
capacitor dominates so 𝐼 leads 𝑉. At resonance, 𝜙0 = 0.

● The width of the resonance is parameterized by the half-power 
points (𝜔±) on either side of the resonant frequency.
○ The circuit current is 𝐼 = 𝑉AC/𝑍LRC, so the resistor power dissipation

                                         is halved when circuit impedance 𝑍LRC 
increases by 

● This happens when
● I.e. the half-frequencies are

The phase at half-power points is  27



Bandwidth and Q value of resonance

● The bandwidth of a resonant circuit is the Full 
Width at Half Maximum (FWHM), i.e. the
difference between the half-power points

● where Q is the quality factor:

● Roughly speaking, is the decay time of energy 
stored in the circuit, measured in units of the 
period (i.e. inverse of frequency) 28

https://www.allaboutcircuits.com/te
xtbook/alternating-current/chpt-6/q
-and-bandwidth-resonant-circuit

https://en.wikipedia.org/wiki/Q_factor



Bandwidth (BW)

● The analog bandwidth of an oscilloscope (and other systems) is 
conventionally defined as the frequency range over which the 
output amplitude of an input sine wave is reduced by no more 
than 3 db (∼ 30%), and hence the power is reduced by no more 
than a factor of two.

● The rise time (𝑡rise), of an oscilloscope, (the time it takes for the 
oscilloscope to trace out an instantaneous change in its input), 
is related to the bandwidth. Typically 𝐵𝑊 × 𝑡rise ∼ 0.35 − 0.55
○ Note: Decibels are defined in terms of power ratios 𝐺

= 10log10(𝑃out/𝑃in) = 20log10(𝑉out/𝑉in) (since 𝑃 ∝ 𝑉 2).
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Lab 2 
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https://www.physics.utoronto.ca/apl/405/Lab_02.html



Clean up after you are done

Yes, this is important enough to deserve it’s own slide
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Questions?
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