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In this course, we are going to look at a “real world” problem, i.e. how do we 

measure a person’s electrocardiogram?  (ECG)



How do we get a heart 

signal (“bio-potential”) 

from the surface of our skin 

onto a computer screen?



Fluid Circuit / Electrical Circuit

What flows?

How do we measure pressure?

How do we measure flow?

 What flows?

How do we measure voltage?

How do we measure flow (current)?



◻ Voltmeter: measures voltage without drawing 

current

◻ Ammeter: measures current without dropping 

voltage



The Basics:

Unit of charge = coulomb



Current Flow



Can be:

- Constant with time, DC, Direct Current

- a battery in your phone, flashlight etc.

- Oscillate sinusoidally with time, AC, Alternating current

- what comes out of the wall, 60 cycles/s (Hz)

- Any arbitrary function, decaying, rising, etc.

Current Flow



The Basics:  What is an electric circuit?

“a complete or partial path over which current may flow”

Electric circuits consist of “elements” – voltage sources, current sources, 

resistors, capacitors, inductors, etc.

Electrons move in the conductors (wires, elements) in a circuit, giving 

current flow.  (Also current flow could be other charges (such as???)).

A very simple circuit:



Figure 1.5   An ideal basic circuit element.



Figure 1.6   Polarity references and the expression for power.



Conductivity, Resistivity:

ρ=  resistivity

σ = conductivity = 1/ρ

A resistor is a device (element) which resists 

charge (electric) flow. 

Resistance is a function of size, shape and 

media properties:





Kirchhoff’s Current Law:  (KCL):

Sum of currents entering a node is zero

Also holds for closed boundary



Kirchhoff’s Voltage Law:  

(KVL): Sum of voltages around a closed path is zero

Sum of voltage drops = sum of voltage rises



All connected (groups of 5 have no significance).

Only these 5 holes are connected (to each other).

Binding posts are not connected to anything.  

They are useful for banana plugs and for 

clamping external wires.

This wire connects to pin 8 of the IC.





Resistors:




