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TABLE 1-1 Chemical and Physical Properties Employed
in Instrumental Methods

Characteristic Properties

Instrumental Methods

Emission of radiation

Absorption of radiation

Scattering of radiation
Refraction of radiation
Diffraction of radiation
Rotation of radiation
Electrical potential
Electrical charge
Electrical current
Electrical resistance
Mass

Mass-to-charge ratio
Rate of reaction

Thermal characteristics

Radioactivity

Emission spectroscopy (X-ray, UV, visible, electron, Auger); fluorescence, phosphorescence,
and luminescence (X-ray, UV, and visible)

Spectrophotometry and photometry (X-ray, UV, visible, IR); photoacoustic spectroscopy;
nuclear magnetic resonance and electron spin resonance spectroscopy

Turbidimetry; nephelometry; Raman spectroscopy
Relractometry; interferometry

X-Ray and electron diffraction methods

Polarimetry; optical rotary dispersion; circular dichroism
Potentiometry; chronopotentiometry

Coulometry

Amperometry; polarography

Conductometry

Gravimetry (quartz crystal microbalance)

Mass spectrm-nctry

Kinetic methods

Thermal gravimetry and titrimetry; differential scanning colorimetry; differential thermal
analyses; thermal conductometric methods

Activation and isotope dilution methods
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Analog Signals
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Time-Domain Signals

Information encoded

signal fluctuations. Fre
width.




Time-Domai

S

® 2007 Thomson Higher Education




Signals a

Digital Signals
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Signal to noise (S/N)
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FIGURE 23-8

Minimum detectable SWE. An object is visible in an image only if its contrast is large enough to overcome the
random image noise. In this example, the three squares have SWEs of 2.0, 1.0 and 0.5 {where the SNR iz
defined as the conirast of the object divided by the standard deviation of the noise).
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Signals :

Sources of Noise

Chemical noise - temp,
vibrations, etc.

fluctuations

Instrumental
components.
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Signals and Noise

Thermal noise (Johnson noise) - thermal
motion of electrons or other carriers in
resistors, capacitors, detectors,
electrochemical cells, and other elements.

The agitation of charge carriers is random and
can produce inhomogeneities setting up
voltage fluctuations as noise.
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Signals and Noise

Thermal noise

Problem with narrowing the bandwidth is that
it affects the rise time, t,, of the instrument.
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Rise time - response time in seconds to changes in

input - measured as the time required for the output
to increase from 10 to 90% of its final value.

As the bandwidth narrows, instrument response
becomes slower to respond to signal change.
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Shot noise - movement
junction, i.e. at pn i1
random currents.
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Ssighals and Nolse

Flicker or 1/f noise - any noise that is inversely
proportional to the frequency of the signal.

Cause is not well understood, but is significant
at low frequency (<100 Hz).

Seems to depend on the types of materials used
and the shapes of devices.

Example - a resistor made of carbon has 10x 1/f noise as
one made of metal.
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Signals and Noise

Environmental noise - composite of many
noise sources in the surroundings.

Instruments carry electronics which act as
antennas capable of picking up EM radiation
and converting it to an electrical signal.

Sources of EM radiation: ac power lines, radio, tv,
lights (ballasts for fluorescent lights convert the
incoming power to an output frequency in excess of
20 kHz), etc.
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Figure 8G: Environmental Noise Sources

Skoog, Nieman, Holler, Principles of Instrumental Analysis, 1998, Sth
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Instrumental Noise

sr =k, (T?+ T)”

Limits precision of high quality
instruments.
Due to shot noise.

When electrons or charge particles cross a
junction such as at pn interfaces or
movement of electrons from a cathode to
an anode in a PMT.
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TABLE 13-3 Types and Sources of Uncertainties in Transmittance Measurements

Category Characterized by* Typical Sources Likely To Be Important In

Case | st =k Limited readout resolution Inexpensive photometers and
spectrophotometers having small
meters or digital displays

Heat detector Johnson noise IR and near-IR spectrophotometers
and photometers
Dark current and amplifier noise Regions where source intensity and
detector sensitivity are low
Case 11 s; =k, VT2 +T Photon detector shot noise High-quality UV-visible
spectrophotometers
Case 111 st = kT Cell positioning uncertainties High-quality UV-visible and
IR spectrophotometers

Source flicker Inexpensive photometers and
spectrophotometers
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Figure 13-7 Relative concentration uncertainties arising
from various categories of instrumental noise: A, Case [; B,
Case II; C, Case 1II. The data are taken from Table 13-4.



Signals :

Improving S/N

+» Hardware - incorpora
instrument de




Signals :
Improving S/N

Hardware ,
Grounding & shield
Difference and instru
Analog filteri
Modulation

Signal chopp




Signals :

Hardware
= Grounding & sh1e1 d

minimized by shielding,
and grounding

Shleldmg CC




2
S
-
=

S

“8 '!.(_&? 12

RERILT O

amgPENLE
g
W et & 55 2

oo-l..tl..ﬁ...

"L




Ssighals and Nolse

The effectiveness of the shield is dependent on:

a Thickness - the thinner the shield the less effective.
This is particularly true of low-frequency noise.

Aluminum foil shield works well at rejecting up to
90 dB at frequencies above 30 MHz, but it's
inadequate at fending off low-frequency magnetic
fields (it's practically transparent below 1 kHz).



Ssighals and Nolse

The effectiveness of the shield is dependent on:

0 Conductivity - the shield must be able to sink all
stray currents to the ground plane more easily than
anything else.

a Continuity - cannot break the shield. It must be
continuous around the signal paths, otherwise the
noise will leak in like water into a hole in a boat.

Most high-frequency noise problems are caused by
openings in the shield material.
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Improving S/N

Hardware

= Modulation - convert low frequencies or dc
signals from detector to high frequency ac.

Use modulation when a low frequency or dc
detector signal needs to be amplified - since
this is also the region where instruments
have amplifier drift and flicker noise.
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Improving S/N
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Improving S/N
Software
= Ensemble averaging - adding spectra

Each data set is stored and summed point by point
for averaging.

Important to sample at twice the frequency or higher
than the highest frequency component of the
waveform. (Nyquist sampling theorem)

NMR and FTIR can use this method.



Ensemble ¢
of an NMR sig

50 scans ”

‘

200 scans

® 2007 Thomson Higher Education



Signals :
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Software |
= Boxcar averaging - he




The effect of Boxcar ¢
Boxcar averaging (c
averaging.




Signals :

Improving S/N
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