
Chapter 5. Signals and Noise  
   
Amplification of a small noisy signal → no improvement in the detection 
limit and sensitivity. 
 
 
 
5A Signal -to - Noise Ratio 
 
S/N ratio  
N : the standard deviation of the signal (s =mean) 







5B Source of Noise 

  5B-1  Chemical Noise: arises from a host of uncontrollable variables 

that affect the chemistry of the system. Variation in T, P, that affect the 

position of chemical equilibria,  fluctuation of humidity, etc.. 

 

5B-2  Instrumental Noise→① the source,  

    ② the transducer, 

    ③ the signal processor, 

    ④ the readout. 

 General categories of noise 

 1) Thermal or Johnson Noise →정량적 취급 

 2) Shot noise 

 3) Flicker or 1/f noise → neither well defined nor understood. 

 4) Environmental noise →적절한 장치로 eliminate  



1) Johnson Noise 

  : Owes to the thermal agitation of electron or other change carries in    

    R. C. detector. cell. etc. 

ex) ⇒ In-homogeneity in electron densities throughout the resister. 

     ⇒ Momentary small voltage differences were developed. 

     ⇒ The fluctuation of net voltage drop with the time. 

                                        K : Boltzmann const. 

                                        T : 절대 온도 

                                        R : 저항.  

                                        of : frequency bandwidth 

☆ how to reduce ; narrow the bandwidth → filter 사용 

                          lower the temperate 

☆ V는 저항의 physical size 와는 무관. 



2) Shot noise 

: Current involves the movement of electrons or other charged particles   

 across a junction. 

ex) pn interfaces. 

     In photo cell; vacuum tube; junction between cathode & anode 

                                          I : average  

                                          e : charge 

3) Flicker noise 

Frequency 의 역수에 noise 크기 비례 

→ not well understood 

→ 100Hz이하의 frequency에서 significant  

ex) The long-term drift observed in dc Amp, meter. 



4) Environmental Noise  

   Each conductor in an instrument is potentially an antenna capable of 

picking up electromagnetic radiation and converting it to an electrical 

signal. 

ex) AC power line, ignition system in gasoline engine, arcing switches, 

brushes in electrical motors. lightening ionospheres disturbances. 





5C Signal to Noise Enhancement 

Method of improvement of S/N ratio  

① Hardware : filter, choppers shields, modulators, synchronous, detector. 

② Software : digital computer algorithm. 

   

5C-1 Some Hardware Devices for Noise Reduction  

 

1. Grounding and Shielding 

* Shielding is important when the output of a high-impedance 

transducer, such as the glass electrode, is being amplified. 



2. Difference Amplifies;   
      Noise in a transducer circuit is critical ->difference amplifier. 

  Vo  =  K(2a+1)(v2-v1) : stage 1) over all gain relate to a single R1,  
stage 2) reject common-mode signal.(ex) Electrocardiograph.                           

Figure 5-4. An instrumentation amplifier for reducing the 
effects of noise common to both inputs.  



   

 

  Most common method:  

1) low-pass analog filters → 

filtering thermal and short 

noise 

2) High pass filter → remove 

drift and low frequency 

flicker noise. 

   

Figure 5-5.   Use of a low-pass 
filter with a large time constant 
to remove noise from a slowly 
changing dc voltage. 



4. Modulation 

→ Frequency modulation: low-f or dc signal is converted to a high-f  

   and demodulation. 

Figure 5-7. Mechanical choppers for modulating a light beam. 



5. Synchronous Demodulation 

Signal chopping : the chopper Amplifier. 



6. Lock in Amplifiers. 

→ Permit the recovery of small signals ever when S/N is unity or less. 

⇒ Coherent ․ analytical & reference signals. 

Figure 5-8. Lock-in amplifier for atomic absorption spectrometric measurements. 



5C-2 Software methods 

 

- Averaging, digital filtering.  

- Fourier transformation and correlation techniques. 

1) Ensemble averaging 

2) Boxcar averaging 

3) Digital filtering 

4) Correlation Method 



Ensemble averaging 





Signal averaging 

Figure 5-10. Effect of signal averaging. 



Boxcar Averaging 



Digital filtering with the Fourier transform 

Figure 5-12. Digital filtering with the Fourier transform. 



Smoothing data 

Figure 5-13.  
The operation of an 
unweighted moving 
average smoothing 
function. 



Least-squares polynomial smoothing 

Figure 5-14.  
Least-squares 
polynomial smoothing 
convolution integers. 



Effect of smoothing 

Figure 5-15.  
Effect of smoothing on 
a noisy absorption 
spectrum of tartrazine. 
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