
Chapter 5      Signals and Noise
Read pp. 110 - 123
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Impossible to detect
a signal when the
S/N becomes less
than about 2.



Signal Transduction 

Internet: Wikipedia (Signals and Noise) 



Discrete Signal Processing and Sampling 
Theorem 

Complex signal sampled at discrete time points, for example collection of 
real signal by a computer.  

Sampling is the process of converting a signal 
(for example, a function of continuous time 
and/or space) into a numeric sequence (a 
function of discrete time and/or space). 

Nyquist sampling rate = sampling rate must 
be at least 2x greater than the highest 
frequency component in the complex signal. 

For example, if the highest frequency component in a complex signal is 2000 Hz, 
then the minimum sampling rate must be 4000 Hz or 4000 pts/s (2.5 x 10-4 s/pt) 

H. Nyquist, "Certain topics in telegraph transmission theory", Trans. AIEE, vol. 47, pp. 617–644, Apr. 
1928 

https://en.wikipedia.org/wiki/Sampling_%28signal_processing%29
https://en.wikipedia.org/wiki/Harry_Nyquist
https://en.wikipedia.org/wiki/Harry_Nyquist


Proper Sampling Frequency 

The Scientist and Engineer's Guide to Digital Signal Processing 
By Steven W. Smith, Ph.D. 

Good sampling frequency 

Poor sampling frequency 
“aliased signal” 



Effect of S/N Ratio on Measurement 
Quality

Signal carries the information about the analyte, while the noise is made up of
extraneous information that is unwanted because it degrades accruacy and
precision of the measurement.

Only a couple of 
the peaks can be 
recognized and 
measured with 
certainty.



Types of Noise

• Chemical – arises from some uncontrollable variables
such as fluctuations in temperature or pressure, changes
in relative humidity, reaction with oxygen, etc.

• Instrumental – associated with components in the
instrument (e.g., source, input transducer, the output
transducer, and all signal processing elements).
- Thermal or Johnson Noise
- Shot Noise
- Flicker Noise
- Environmental Noise



Instrumental Noise

Thermal or Johnson Noise → vrms = (4kTR∆f)1/2

k = 1.38 x 10-23 J/K T = temperature (K) R = ohms
Thermal agitation of electrons across resistive and
capacitive components in circuits. Voltage fluctuations.

∆f (bandwidth) = 1/3tr
tr = response time – time required for output to
increase from 10-90% of final value.

What is the effect on thermal noise of decreasing the response time of an
instrument from 1 s to 1 µs?

1 Hz to 106 Hz so there would be an increase in the noise by (106/1)1/2 or
1000-fold.



Instrumental Noise

Shot Noise  →  irms = (2Ie∆f)1/2

I = mean dc current (A)   e = 1.60 x 10-19 C
Encountered whenever electrons or other charged particles 
cross a junction, like that which exists in a photodetector. 

Flicker Noise → magnitude α 1/f   (one-over-f) noise

Sources are not totally understood but ubiquitously present at 
< 100 Hz. Long-term drift.



Instrumental Noise -Environmental



Hardware Devices for Noise Reduction

Grounding and Shielding → Making sure all circuits have
the same common earth ground; surrounding a circuit or
instrument with a conducting material that is attached to earth
ground; and reducing the lengths of conducting wires.

Noise pick-up and possible amplification by the instrument
circuit can be minimized.

Difference Amplifiers → Analyte signal and reference signals
are fed into the inputs of an operational amplifier is a scaler-
type configuration. Common mode noise rejection.

Vo = Rk
Ri

(V2 - V1)



Hardware Devices for Noise Reduction

Modulate signal to a frequency region that is more noise
free! Must first modulate the signal by adding it to a
carrier frequency, and the demodulate it after
measurement to remove the carrier frequency.



Common Example of Signal Modulation



Ensemble Signal Averaging
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Factor ~7 improvement

Factor ~14 improvement



Boxcar Averaging

Useful for smoothing 
irregularities and enhancing 
the S/N assuming that 
irregularities are the result of 
noise.

Assumption that the analytical
signal varies more slowly in
time than the noise
components.

In practice, 2-50 points are
averaged to generate a final
point.

Must be careful not to
adulterate the real signal.



Hardware Devices for Noise Reduction
Low-Pass Analog Filter

Q = C V

Xc = 1/(2πfC)

R • C  = seconds

1 µF • 1000 ohm = 1x10-3 s
or

1000 Hz

Vo

Log f

Cut-off 
frequency



Signals and Noise 

Fourier Transformation  - Complex time domain into frequency components 

Signal on the left has no useful information. FT process can identify noise 
frequencies and remove them, thereby making the analytical signal more 
visible. 



Digital Filtering  - Fourier Transformation
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