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Signals and Noise

• Noise limits detectability of every instrumental method

• Present in every instrumental method!  Cannot be 
completely removed.

• Best we can do is understand contributions of noise and 
try to minimize noise.
– Enhance Signal
– Reduce Noise
– Modify Instrumental Method

• Always trying to maximize the signal to noise ratio.
– Relates magnitude of noise to magnitude of signal.

Signal to Noise Ratio

• Analytical signal is a combination of three components:
– chemical information

– background

– Noise

• p-p vs. rms noise
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Noise Sources

• Chemical Noise
– Result of chemical or physical properties of the sample.

– Degradation, photoreactivity, temperature and pressure effects, etc.

– Minimization requires that you understand your sample!

• Instrumental Noise
– Inherent in electrical devices

– Four main types
• thermal noise

• shot noise

• flicker noise

• environmental noise

Instrumental Noise
• Thermal Noise

– Johnson, Resistance
– Result of random thermal motion of electrons
– Magnitude of thermal noise based on thermodynamics

• Minimize by:

fkTR4vrms 
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Instrumental Noise
• Shot Noise 

– collection of random, quantized events

• Minimize by:

• Flicker Noise
– related to signal frequency
– v 1/f

• Minimize by:

fIe2irms 

Instrumental Noise
• Environmental Noise

– many sources

• Minimize by:
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Dealing with Noise: Hardware Methods

• Grounding:  Be sure that “common” is really common to 
all circuits

• Shielding:  Surround susceptible components with a 
conducting “shield” that is connected to ground

• Op-Amp circuitry:  Difference and Instrumentation 
amplifiers.
– Reject “common mode” noise

Dealing with Noise: Hardware Methods
• Filters: Simple RC circuits.  Selection of output voltage and time 

constant determines action of filter.

• Modulation: Deliberately cause signal to occur at a single 
frequency.

• Lock-In Amplifiers: Only “see” one frequency
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Dealing with Noise: Software Methods

• Signal averaging
– collect several data sets (n)

– add sets together and  divide by n

• S/N improvement:
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Dealing with Noise: Software Methods

• Sampling considerations
– stable signal

– adequate sampling frequency

• Boxcar Averaging
– average adjacent data points in a single 

scan

– sampling rate must be sufficiently high 
to minimize distortion in analytical signal
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Dealing with Noise: Software Methods

• Digital Filters and Smoothing
– Fourier Transform:  allows discrimination against specific 

frequencies

– Time domain signal is converted to frequency domain, filtered, 
then converted back.

Dealing with Noise: Software Methods

• Smoothing
– Least-squares polynomial analysis

– Often suffers from less distortion than
boxcar averaging

– Savitzky-Golay smoothing


