
Electronics & Signal Processing for 
Experimental Rigs

 
Day 1: Basic Electronics

Ofer Mazor, Pavel Gorelik, Navid Mousavi

HMS Research Instrumentation Core            PiN Grad Student

1



Goals for the Course
Experimental Rigs are used to: 
• Measure small signals (neurons, photons, force, temperature, etc)

• Generate precise stimuli

• Maintain signal fidelity (high signal-to-noise ratio)

• Minimize noise

• Keep accurate timing (between different channels of input & output)


Goal for the course is to better understand: 
• Mechanisms of noise & signal degradation 

• Techniques and equipment to avoid noise & degradation


• Key topics from Electronics and Signal Processing

• Focus on concepts & intuition (not too many formulas)

• Both theory & practical skills
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What does all the equipment on my rig do?

3
(Is all of it really necessary?)



Idealized signaling
Sensor/ 

Electrode
Computer

SNR = Power(Signal)
Power(Noise) = Amplitude(Signal)2

Amplitude(Noise)2

Why can’t I just send my sensor signal straight to the computer?
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Physical Quantity 
to be Measured

Electrode

Photodiode / PMT
- Membrane Voltage

- Light Intensity (Fluorescence)

Wire

Electrical signal



Real-world signaling
Sensor/ 

Electrode
Computer

SNR = Power(Signal)
Power(Noise) = Amplitude(Signal)2

Amplitude(Noise)2

• Signal loss/attenuation: Signals must be transmitted with negligible attenuation

• Noise: Signals must travel up to several meters without picking up appreciable noise

• Digitization: Analog real-world signals must be converted to/from a digital 

representation to work with our computers & software 

Three Problems to be Addressed:
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Physical Quantity 
to be Measured

Electrode

Photodiode / PMT
- Membrane Voltage

- Light Intensity (Fluorescence)

Wire

Electrical signal

Noise

Signal 
Attenuation

Digitization Artifacts, 
Timing Offset/Jitter



Real-world signaling
Sensor/ 

Electrode

SNR = Power(Signal)
Power(Noise) = Amplitude(Signal)2

Amplitude(Noise)2
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Physical Quantity 
to be Measured

Electrode

Membrane Voltage


ComputerSignal Amplification 
and Conditioning Digitization

DAQ Board 
- Data AQuisition board 
- Convert analog signal to digital

- Must be tuned to minimize artifacts

Ephys Headstage & Amplifier 

- Minimize attenuation and noise

• Signal loss/attenuation

• Noise

• Digitization  

Three Problems to be Addressed:

These are not rig-specific problems. They are present in consumer devices as well, 

but those have been engineered to minimize these effects.



Lecture 1: Fundamentals of Electronics
• Basic concepts (R, I, V), Ohm’s Law


• Voltage divider: a fundamental circuit motif


• Output & Input Impedance = Voltage divider

• Explains why, e.g., we need amplifiers for audio speaker or neural recordings


• Capacitance


• RC Filters = Frequency-dependent (voltage) dividers

• Can be used to filter out unwanted frequencies


Lecture 2: Noise Sources & Amplifiers

Lecture 3: Digitization & Filtering
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V = +10 V

R = 
10 Ω I

Electricity 
(Symbol) Units Definition

Current (I) Amp (A) Flow of charge

Voltage (V) Volt (V) Potential Difference

(Driving force for current)

Resistance (R) Ohm (Ω) Resistance to flow

Power (P) Watt (W) Rate of work 


+
−

V = 0 V

Lab Electronics Basics

10 V
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P = VI



V = +10 V

R = 
10 Ω I = V

R
= 1A

Electricity 
(Symbol) Units Definition

Current (I) Amp (A) Flow of charge

Voltage (V) Volt (V) Potential Difference

(Driving force for current)

Resistance (R) Ohm (Ω) Resistance to flow

Power (P) Watt (W) Rate of work 


+
−

V = 0 V

Ohm’s Law:    
or 

V = IR
I = V/R

Lab Electronics Basics

10 V
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P = VI



Electricity: Water analogy

Pump 
(generates 

pressure)

High 
Pressure

Low 
Pressure

Flow 
Restriction 

(Resistance)

Flow

General Concept Electricity (Units) Water

Flow Electric Current (Amps) Flow of Water

Potential Difference Voltage (Volts) Pressure / Height

Resistance Resistance (Ohms) Restriction

V = +10 V

R
 = 10 Ω

I = V
R

V = 0 V

+
−

Voltage
Generator

Simulation 
https://tinyurl.com/y7jl6nnh
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Flow = ΔPressure
Resistance

https://tinyurl.com/y7jl6nnh


Voltage Divider
 = +10 VV1

 = 0 VVgnd

 = 5ΩR2

 = 5ΩR1

 = ?V2
+
−

• Fundamental circuit motif


• Key to understanding many concepts:

• Impedance, RC Filters, etc10 V

11



Voltage Divider

1. Compute the combined resistance of the 
two resistors in series:


 Rtotal = R1 + R2 = 10Ω

 = +10 VV1

 = 0 VVgnd

 = 5ΩR2

 = 5ΩR1

 = ?V2
+
−

Rtotal
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Voltage Divider

1. 


2. Determine the current flowing through 
the circuit:


 

Rtotal = R1 + R2 = 10Ω

I = V
Rtotal

= 10V
10Ω = 1A

 = +10 VV1

 = 0 VVgnd

 = 5ΩR2

 = 5ΩR1

 = ?V2
+
−

I
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Voltage Divider

1. 


2. 


3. Determine the voltage across :


 

Rtotal = R1 + R2 = 10Ω

I = V
Rtotal

= 10V
10Ω = 1A

R2

V2 = IR2 = 5V

 = +10 VV1

 = 0 VVgnd

 = 5ΩR2

 = 5ΩR1

 = 5VV2
+
−

I = 1A

I = 1A
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Voltage Divider

General voltage divider formula: 


 
V2 = V1
R2

R1 + R2

V1

 = 0 VVgnd

R2

R1

 = ?V2
+
−
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Voltage Divider
 = +10VV1

0V

 = 9 ΩR2

 = 1 ΩR1

 = 9 VV2

 = +10VV1

0V

 = 1 ΩR2

 = 9 ΩR1

 = 1 VV2
+
−

+
−

V2 = V1
R2

R1 + R2
16



• Multi-step resistive ladders

• Voltage gradually transitions from  to 


• Potentiometer (“pot” for short)

• Variable voltage divider

• Use a knob (typically) to select ratio:


V1 V0

Voltage Divider

I

+10V

0V

1 Ω
10 V

+
−

9 V

8 V

1 V

0 V

1 Ω
. . . . . .

pin 1

pin 3

pin 2
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R2

R1

(*Pots also work as a variable resistor, by just using pins 1 and 2)




Voltage Divider

Simulation 
https://tinyurl.com/ydejxeow

 = +10 VV1

 = 0 VVgnd

 = 5ΩR2

 = 5ΩR1

 = ?V2
+
−
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Voltage Signaling
Signal Source

• Most rig signals are transmitted as 
voltages

• Current signals, like PMT outputs are 

typically converted to voltage signals


• But real voltage sources have 
limitations

• Voltage dividers will help us 

understand….
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ephys electrode

amplified photodiode

Arduino output pin Laser / LED

DAQ Board

Headstage

Timing

Signal

Fluorescence /

Light Intensity

Membrane

Voltage

Readout Device



Modeling Real Voltage Sources
Ideal voltage source

An Ideal Voltage Source will output  under all conditionsVout

20

+
−

Target Voltage: 
10 V

Vout = 10 V

 = 0 VVgnd



Modeling Real Voltage Sources
Ideal voltage source

0 V

Rload
+
−

Target Voltage: 
10 V

An Ideal Voltage Source must output as much current as needed to maintain Vout

21

Vout = 10 V

(1 kΩ)



Modeling Real Voltage Sources
Ideal voltage source

0 V

Rload
+
−

Target Voltage: 
10 V I

I (mA)

Vout 10

10.5

9.5

10 20 100A0

1 MΩ
1 kΩ 500 Ω

0.1 Ω

An Ideal Voltage Source must output as much current as needed to maintain Vout

Ideal
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Vout = 10 V

(1 kΩ)(10 mA)



Modeling Real Voltage Sources
Ideal voltage source

0 V

Vout = 10 V

Rload
+
−

I

I (mA)

Vout 10

10.5

9.5

10 20 100A0

1 MΩ
1 kΩ 500 Ω

0.1 Ω

An Ideal Voltage Source must output as much current as needed to maintain Vout

Ideal

Not realistic
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Ideal  
Voltage 
Source



+
−

Modeling Real Voltage Sources

10

10.5

9.5

10 20 100A

I (mA)

Vout

0

1 MΩ

1 kΩ
500 Ω

A Real Voltage Source departs from ideal behavior:  drops as  decreases.Vout Rload

Real voltage source

0 V

Vout

RloadI

Ideal
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??

Target Voltage: 
10 V



Modeling Real Voltage Sources

10

10.5

9.5

10 20 100A

I (mA)

Vout

0

1 MΩ

1 kΩ
500 Ω

Real voltage source

Rout

Rload

Vout

+
−

Target Voltage: 
10 V Vtarget

A Real Voltage Source departs from ideal behavior:  drops as  decreases. 
• This behavior can be modeled as an ideal voltage source in series with an output resistor ( )


• (The true underlying circuit is different: there are no ideal voltage sources)

Vout Rload
Rout

25

Ideal  
Voltage 
Source

 = -slopeRout



Modeling Real Voltage Sources

10

10.5

9.5

10 20 100A

I (mA)

Vout

0

1 MΩ

1 kΩ
500 Ω

Real voltage source

Rout

Rload

Vout

+
−

Vtarget

A Real Voltage Source departs from ideal behavior:  drops as  decreases. 
• This behavior can be modeled as an ideal voltage source in series with an output resistor ( )


• (The true underlying circuit is different: there are no ideal voltage sources)

Vout Rload
Rout

 = -slopeRout

Large R
out

Small Rout

E.g., a Neuron
E.g., an Audio Amplifier
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Target Voltage: 
10 V

Ideal  
Voltage 
Source



Modeling Real Voltage Sources

10

10.5

9.5

10 20 100A

I (mA)

Vout

0

1 MΩ

1 kΩ
500 Ω

Real voltage source

Rout

Rload

Vout

+
−

Vtarget

Output impedance (  ) quantifies how close to ideal a voltage source is: Rout

 = -slopeRout

Large R
out

Small Rout

E.g., a Neuron
E.g., an Audio Amplifier
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Target Voltage: 
10 V

Ideal  
Voltage 
Source

Low  
• Approximates an ideal voltage source

• Can output high current 

• Minimal voltage drop-off, even at high current

• “Powerful” output signal

Rout High  
• Non-ideal voltage source

• Only outputs minimal current

• Significant voltage drop-off with current

• “weak” output signal

Rout



Modeling Real Voltage Sources

10

10.5

9.5

10 20 100A

I (mA)

Vout

0

1 MΩ

1 kΩ
500 Ω

Some voltage sources have a rated current limit: 
• Beyond this limit: voltage output might drop dramatically

• Example: Analog Output of DAQ some boards

• Could also be considered “weak” output sources

Current  
limit

Large R
out

Small Rout
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Input & Output Impedance 

Output Impedance:
Output voltage drops as you draw more current.


Modeled as a resistor on the output line (output impedance)

Signal Source

Rout
Vsignal

Readout Device

Measure / 
Perform Action+

−

VinVout

29

Input Impedance:
What about real input lines?



Input & Output Impedance 

Output Impedance:
Output voltage drops as you draw more current.


Modeled as a resistor on the output line (output impedance)

Signal Source

Rout
Vsignal

Readout Device

+
−

Vout
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Input Impedance:
Input lines draw some current while measuring .


Modeled as having a resistor between the input pin  
and ground (input impedance)

Vin

Ideal 
Measurement 

Device
Rin

Vin

I

+
−



Input & Output Impedance 
Readout Device
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Ideal 
Measurement 

Device
Rin

Vin

I

+
−

Input impedance (  ) quantifies how close to ideal a readout device is: Rin

High  
• Approximates an ideal readout device

• Draws very little current from input pin 

• “Non-invasive” input device

Rin Low  
• Non-ideal readout device

• Draws significant current from input pin

• “Power-hungry” input device

Rin



Input & Output Impedance 

How does  compare to ?

Can you spot the voltage divider?

Vwire Vsignal

Rout
Vsignal

MeasureRin+
−

Vwire

32

Signal Source Readout Device



Input & Output Impedance 

Input & Output Impedance (Resistance)
• will be smaller than  unless  << Vwire Vsignal Rout Rin

Rout
Vsignal

MeasureRin+
− I

+
−

Vsignal

Rout

Rin

Vwire
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Signal Source Readout Device
Vwire

<latexit sha1_base64="DABupW+s82iE6atu5o1R0wPT+vI=">AAACG3icbVDLSgMxFM34rPU16tJNsCiCUGaKqBuh6MZlFfuAdhgyaaYNzSRDkhHKMP/hxl9x40IRV4IL/8Z0OgttPRDu4Zx7ubkniBlV2nG+rYXFpeWV1dJaeX1jc2vb3tltKZFITJpYMCE7AVKEUU6ammpGOrEkKAoYaQej64nffiBSUcHv9TgmXoQGnIYUI20k3661/JTyDB5dQsMUHXDEMtgLJcLpXW5lRT0xRSQ6y3y74lSdHHCeuAWpgAIN3/7s9QVOIsI1ZkipruvE2kuR1BQzkpV7iSIxwiM0IF1DOYqI8tL8tgweGqUPQyHN4xrm6u+JFEVKjaPAdEZID9WsNxH/87qJDi88c1icaMLxdFGYMKgFnAQF+1QSrNnYEIQlNX+FeIhMLtrEWTYhuLMnz5NWreqeVZ3b00r9qoijBPbBATgGLjgHdXADGqAJMHgEz+AVvFlP1ov1bn1MWxesYmYP/IH19QMoaKIq</latexit>

Vin = Vsignal
Rin

Rin +Rout
Vwire



Input & Output Impedance 

+
−

Rout
Vsignal

MeasureRin

“Powerful” Source “Sensitive” Readout

Good: Rin ≫ Rout




• Many lab instruments are designed to 
“play nicely” with one another:

• Have low  and high 


Vwire = Vsignal

Rout Rin

 (due to voltage divider)


• Watch out for large  (e.g., sharp electrodes)

• Watch out for low  (power-hungry devices)

Vwire < Vsignal

Rout
Rin

Problematic: Rout ≥ Rin

Rout
Vsignal

MeasureRin

“Weak” Source “Power-hungry” Readout

+
−
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Vwire Vwire



Input & Output Impedance 
Good: Rin ≫ Rout

No Attenuation Attenuated Signal
Problematic: Rout ≥ Rin
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Amplified Photodiode  
Rout = 50Ω

“Standard” Source

Oscilloscope

Rin = 1MΩ

“Standard” Readout

+−

Headstage

Rin > 1GΩRelectrode ≈ 10MΩ

“Very Weak” Source “Ideal” Readout



Input & Output Impedance 
Good: Rin ≫ Rout

No Attenuation Attenuated Signal
Problematic: Rout ≥ Rin

36

Relectrode ≈ 10MΩ Oscilloscope

Rin = 1MΩ

90% Attenuation
+−

“Very Weak” Source “Standard” Readout

“Standard” Source

Function Generator

Rout = 50Ω

“Power-Hungry” Readout

Rin = 8Ω

Amplified Photodiode  
Rout = 50Ω

“Standard” Source

Oscilloscope

Rin = 1MΩ

“Standard” Readout

+−

Headstage

Rin > 1GΩRelectrode ≈ 10MΩ

“Very Weak” Source “Very Sensitive” Readout



Impedance Demo
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“Standard” Source

Function Generator

Rout = 50Ω

“Power-Hungry” Readout

Rin = 8Ω

“Standard” Source

Function Generator

Rout = 50Ω

“Power-Hungry” Readout

Rin = 8Ω

Audio Amplifier 
- Convert low-current signal  

to high-current signal



Putting It All Together

38

PC/Software 
- Generate audio waveform


DAQ Board 
- Digital to analog (D to A) conversion

- Low power/low current output

Audio Amplifier 
- Convert low-current signal  

to high-current signal

Speaker 

- Low input impedance, 

- Requires high-current (high- 

power) input to generate sound

1. Audio Stimulus Delivery

- Generate auditory waveform on PC

- deliver to speaker

Digital signal 
(USB cable)

Voltage signal 
(low power)

Voltage signal 
(high power)

Rin = 8Ω



Putting It All Together
2. Intracellular Current-Clamp Recording

- Measure voltage across cell membrane, save to disk

Electrode

Membrane Voltage


PC/Software 
- Display/analyze/save  

membrane voltage


Ephys Headstage & Amplifier 

- Read in “weak” high impedance signal

- Generate low impedance output

- Amplify signal amplitude

- High- and Low-pass filters

DAQ Board 
- Analog to digital conversion

Voltage signal 
high amplitude 
low Rout

Voltage signal 
low amplitude 
very high  
(“weak” source)

Rout

39

Digital signal 

Oscilloscope



Capacitance

C
V1

V2

A
d

Capacitor: Two conductive surfaces (e.g., metal plates) separated by a small gap 
• Allows current to pass through in a frequency-dependent manner

• How??
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Capacitance

C

0V

0V

C

5V

0V

time

Ad

Current

Voltage

0

0
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Capacitance

C

0V

0V

C

5V

0V

+ + +   + + +
–  –  –   –  –  –

time

Ad

Current

Voltage

0

0
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Capacitance

C

0V

0V

C

5V

0V

C

5V

0V

+ + +   + + +
–  –  –   –  –  –

+ + +   + + +
–  –  –   –  –  –

time

Ad

Current

Voltage

0

0
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Capacitance

C
Ad

Current

Voltage

0

0

Capacitance: 

• Current through a capacitor is proportional to the rate of change in voltage:     


• Capacitance is proportional to (surface area)/distance:     

I = C
dV
dt

C ∝ A
d

I

I
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Capacitance 

Capacitor behaves differently at high & low frequencies: 

• Low Freq -> high resistance 


• High Freq -> low resistance

<latexit sha1_base64="Cw2rLQkxx0gh2WVPCRRBe6umsUk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqBeh2IveKtgPaEPZbDbt0s0m7E6EEOpf8eJBEa/+EG/+G7dtDlp9MPB4b4aZeX4iuAbH+bJKK6tr6xvlzcrW9s7unr1/0NFxqihr01jEqucTzQSXrA0cBOslipHIF6zrT5ozv/vAlOaxvIcsYV5ERpKHnBIw0tCu3uIr3MSDUBGaB51pHsB0aNecujMH/kvcgtRQgdbQ/hwEMU0jJoEKonXfdRLwcqKAU8GmlUGqWULohIxY31BJIqa9fH78FB8bJcBhrExJwHP150ROIq2zyDedEYGxXvZm4n9eP4Xw0su5TFJgki4WhanAEONZEjjgilEQmSGEKm5uxXRMTA5g8qqYENzll/+SzmndPa87d2e1xnURRxkdoiN0glx0gRroBrVQG1GUoSf0gl6tR+vZerPeF60lq5ipol+wPr4BhSCUEQ==</latexit>

I = C
dV

dt
Simulation 
https://tinyurl.com/yab7mpho

I

V

0

0

0

0I

V
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https://tinyurl.com/yab7mpho


Impedance
Impedance (  ) captures the frequency-dependent nature of 
resistance for capacitors (and other circuit components).


• Resistor:     , is constant across all frequencies.


• Capacitor:    (for frequency  )


•  is large at low frequencies and drops as  increases

Z

ZRes. = R

ZCap. = 1
fC

f

ZCap. f

NOTE: Impedance ( ) is actually a complex number that includes phase information. 
For our purposes, we’ll consider only the magnitude of this value 

Z
Z = ∥Z∥
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RC Circuits

Z2 = R2

Z1 = R1

Vout Vout

Voltage Divider RC Filter

Z2 = 1
fC

Z1 = R

Vsignal Vsignal

<latexit sha1_base64="miuqdADQkuRpEzYd9NfD90q36Jw=">AAACFHicbVBLSwMxGMzWV62vVY9egkURCmW3iHoRil48VrEPaMuSTbNtaDZZkqxQlv0RXvwrXjwo4tWDN/+N2XYP2jqQMMzMR/KNHzGqtON8W4Wl5ZXVteJ6aWNza3vH3t1rKRFLTJpYMCE7PlKEUU6ammpGOpEkKPQZafvj68xvPxCpqOD3ehKRfoiGnAYUI20kz660vETEOoXHl7AXSISTO6+WmsuFFZhRaAKKDjliqWeXnaozBVwkbk7KIEfDs796A4HjkHCNGVKq6zqR7idIaooZSUu9WJEI4TEakq6hHIVE9ZPpUik8MsoABkKawzWcqr8nEhQqNQl9kwyRHql5LxP/87qxDi76CeVRrAnHs4eCmEEtYNYQHFBJsGYTQxCW1PwV4hEy1WjTY8mU4M6vvEhatap7VnVuT8v1q7yOIjgAh+AEuOAc1MENaIAmwOARPINX8GY9WS/Wu/UxixasfGYf/IH1+QOZ/J1M</latexit>

Vout =
R2

R1 +R2
Vsignal

<latexit sha1_base64="jKJ2/bhse4vL4MSObBHM+IM15/U=">AAACF3icbVBLSwMxGMz6rPW16tFLsCiCsOwWUY9FLx4r2Ae2Zcmm2TY0m4QkK5Zl/4UX/4oXD4p41Zv/xvRx0NaBhGFmPpJvIsmoNr7/7SwsLi2vrBbWiusbm1vb7s5uXYtUYVLDggnVjJAmjHJSM9Qw0pSKoCRipBENrkZ+454oTQW/NUNJOgnqcRpTjIyVQterh5lITQ6P2khKJR5gO1YIZ3dhObdXcDIiNqNpjyOWh27J9/wx4DwJpqQEpqiG7le7K3CaEG4wQ1q3Al+aToaUoZiRvNhONZEID1CPtCzlKCG6k433yuGhVbowFsoebuBY/T2RoUTrYRLZZIJMX896I/E/r5Wa+KKTUS5TQziePBSnDBoBRyXBLlUEGza0BGFF7V8h7iPbi7FVFm0JwezK86Re9oIzz785LVUup3UUwD44AMcgAOegAq5BFdQABo/gGbyCN+fJeXHenY9JdMGZzuyBP3A+fwALmJ/b</latexit>

Vout ⇡
Z2

Z1 + Z2
Vsignal

Attenuation is frequency-dependent

(  : frequency )f
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Low Pass RC Filter

Zf ≈ 0

R

Low Frequency Approximation High Frequency Approximation

Zf ≈ ∞

R

Vout ≈ Vsignal

Vout ≈ Z
R + Z

Vsignal

Vsignal Vout ≈ 0Vsignal
Vout

Vsignal

R

Z

Low Pass RC Filter

100%
70%

f0 Hz 1 MHz

Vout

Vsignal

Cutoff frequency,  f = 1/(2πRC)
: frequency in Hz

: resistance in Ω

: capacitance in F

f
R
C

48

+
−



High Pass RC Filter

Zω ≈ 0

R

Zω ≈ ∞

R

Vout ≈ Vsignal

Vout ≈ R
R + Z

VSignal

Vsignal Vout ≈ 0 Vsignal
Vout

Vsignal

R

Z

High Pass RC Filter

100%
70%

f0 Hz 1 MHz

Vout

Vsignal

Cutoff frequency,  f = 1/(2πRC)
: frequency in Hz

: resistance in Ω

: capacitance in F

f
R
C

Low Frequency Approximation High Frequency Approximation

49



Recap
• Ohm’s Law:      or    


• Voltage divider 

• Output & Input Impedance (Voltage divider)

• Hard to measure weak (high output impedance) signals like neurons

• Hard to drive power-hungry (low input impedance) devices like speakers

• Next week: Amplifiers can help


• Capacitance 

• RC Filters ( Frequency-dependent dividers)

• Can be built to filter out unwanted signals

• Next week: Can show up unexpectedly — parasitic capacitance; capacitive coupling

V = IR I = V/R

50



Measurement Instruments

Oscilloscope 
• Measure & plot: Voltage vs Time

• Triggers

• Measure frequency, pulse width, etc

• Moderate learning curve

• Worth learning to use — versatile tool:


• https://learn.sparkfun.com/tutorials/how-to-use-an-oscilloscope/introduction

Multimeter / DMM (Digital Multimeter)

• Measure: Voltage, Current, 


 Resistance, Capacitance

• Slow sampling rate; not for fast changes

• Portable, inexpensive

51

https://learn.sparkfun.com/tutorials/how-to-use-an-oscilloscope/introduction


Function Generator

• Generate dynamic voltage waveforms

• Typically periodic waves, but fancier options available

• Can control frequency, amplitude, duty cycle

• Useful for characterizing or debugging electronic circuits

52



Function Generator

Characterizing or debugging electronic circuits 
• Provide a known, controlled input (Function Generator)

• Observe/measure the circuit’s output (Oscilloscope)

High-Pass 
Filter, e.g.

Circuit
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Analog Discovery 2 
Assignments

Demo 
Circuit

Function Gen

Output

O-Scope

Input

Typical Assignment:
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Using a breadboard

• Make connections between wires and components without solder

• All wires, components plugged into the same group will be wired together
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Assignment 1
Class website: https://hms-ric.github.io/rig-nanocourse/

• Lecture slides, assignments, answer keys, reference material


Assignment 1 
• Work through it at your own pace. (Work in pairs/groups if you like.)


• Complete as much as you can in the next 60 minutes.

• No need to complete the assignment (but you can continue at home if you like)

• Not graded


• Email us your answers to the questions (as far as you got) by next Wednesday.


• Help is available:

• Raise your hand / ask a classmate

• Email the instructors with any questions 


• (ofer@hms.harvard.edu,    pavel_gorelik@hms.harvard.edu,    seyednavid_mousavi@g.harvard.edu)

• Answer key is on the website. Feel free to check your answers when done or if stuck.
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