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Notations

shorthand notation for quadratic sum2 2a b a b+ = ⊕

d i ddi i i dquadratic sum = addition in quadrature 

xδ σ↔for independent random errors

σ = (sigma) = Standard Deviation

xxδ σ↔for independent random errors

σ = (sigma) =  Standard Deviation



Statistical analysis

2 lT Period of pendulum2 lT
g

π=

uncertainty

error propagation         statistical analysis          two methods to find 
uncertaintyy



The mean
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The standard deviation
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The standard deviation of the mean
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Example
We make measurements of the period of a pendulum 3 times and find the results: 
T = 2.0, 2.1, and 2.2 s.
( ) Wh i h i d?(a) What is the mean period? 
(b) What is the RMS error (the standard deviation) in the period?
(c) What is the error in the mean period (the standard deviation of the mean)?
(d) What is the best estimate for the period and the uncertainty in the best estimate.( ) p y
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Systematic errors
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Experiment 1: Resistor–capacitor (RC) Circuits
Goal: examine a simple circuit consisting of one capacitor and one resistorp g p

1. Determine the capacitor discharge decay time τ by applying a constant voltage 
(also called DC or direct current) to the circuit. 

2. Determine τ by applying alternating current (AC) and varying the frequency of the current.

compare results to calculated value 



circuit elements: resistors, capacitors, and inductors
A

B

resistors R1 and R2 in series resistors R4 and R5 in parallel

Two circuit elements are in 
series if all of the current

Two circuit elements are in parallel if they are 
connected to the same nodes The potential

B

series if all of the current 
flowing through one also 
flows through the other. 
I1 = I2

connected to the same nodes. The potential 
difference (voltage drop) across all elements 
connected in parallel must be the same. 
V4 = V5

a node: a section of a circuit that is at 
constant voltage (e.g. a piece of wire)



A

BB

Ohm's law: The current through a conductor between two points is directly 
proportional to the potential difference or voltage across the two points, and 
inversely proportional to the resistance between them.

I = V/R

Kirchhoff's current law (Kirchhoff's first rule): At any node (junction) in an 
electrical circuit, the sum of currents flowing into that node is equal to the 
sum of currents flowing out of that node Σ I 0sum of currents flowing out of that node. 
By convention, every current flowing towards the node is positive and 
every current flowing away is negative
Follows from the conservation of electric charge.

Σ Ik = 0

Kirchhoff's voltage law (Kirchhoff's second rule): The directed sum of the 
electrical potential differences around any closed circuit must be zero.
Follows from the conservation of energy (voltage is the energy per unit charge).

Σ Vk = 0

1 R4 + 1 R5( )−1
= R4 * R5 R4 + R5( )RAB =RAB = R1 + R2

gy ( g gy p g )



1. The Discharging (Charging) RC Circuit
A capacitor can be charged by connecting its terminals to a battery.  QC = CVC

If the capacitor is disconnected from the battery, it will retain QC and VC.

If a resistor is connected to a charged capacitor, charge will flow through the 
resistor until the potential difference between the two terminals goes to zero.

Kirchhoff's law: VR + VC = 0
−1

If one applies a constant voltage to this 
circuit then the voltage source will be an 
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V (t) = V0e
− t /τ τ = RCwhere

V1 = V0e
−t1 /τ  and  V2 = V0e

− t2 /τ
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The complex generalization of resistance is impedance Z =
V
~

Impedance

The complex generalization of resistance is impedance Z =
I
~

Z is complex (of the form                where a and b are real numbers)a + ib
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2. RC Circuit in the Frequency Domain
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Important notes

Both the generator and the oscilloscope will have one end which fixes the voltage to the 
common ground voltage Place the grounds properlycommon ground voltage. Place the grounds properly. 

R CR VR

C VC VR
RC

VC is measured properly VR is measured properlyVR is measured incorrectly.
Circuit is ‘shorted’.

R = R + R

Include resistance from the signal generator (50 Ω with an uncertainty of 5%).
RSG

Rtotal = RR + RSG

Signal generator with internal resistance


