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 Because a sensor is a converter of generally 
nonelectrical effects into electrical signals, 
one and often several transformation steps 
are required before the electric output signal 
can be generated. 

 These steps involve changes of the types of 
energy, where the final step must produce an 
electrical signal of a desirable format. 

 As was mentioned in previous chapter, 
generally there are two types of sensor: direct 
and complex
◦ A direct sensor is the one that can directly convert a 

nonelectrical stimulus into an electric signal.
◦ Many stimuli cannot be directly converted into 

electricity, thus multiple conversion steps would be 
required.



 There is a well-known phenomenon to those who 
live in dry climates—the possibility of the 
generation of sparks by friction involved in 
walking across the carpet. 

 This is a result of the so-called triboelectric
effect, which is a process of an electric charge 
separation due to object movements, friction of 
clothing fibers, air turbulence, atmosphere 
electricity, and so forth. 

 There are two kinds of charge. Like charges repel 
each other and the unlike charges attract each 
other.charge negative and the other positive.





f = repelling or attracting force
q = positive electric charge
q0 = electric test charge
r = distance q0 from q.
ε0 =8.8542×10−12 C2/N m2 is the permitivity constant

Another result of Gauss’ law is that the electric field outside any 
spherically symmetrical distribution of charge (Fig. 3.1B) is directed 
radially and has magnitude (note that magnitude is not a vector)



 Similarly, the electric field inside a uniform 
sphere of charge q is directed radially and has 
magnitude

where R is the sphere’s radius and r is the distance from the sphere’s 
center. It should be noted that the electric field in the center of the 
sphere (r =0) is equal to zero.



If the electric charge is distributed along an infinite (or, for the practical 
purposes, long) line (Fig. 3.2A), the electric field is directed 
perpendicularly to the line and has the magnitude

where r is the distance from the line and λ is the linear charge density 
(charge per unit length). 

The electric field due to an infinite sheet of charge (Fig. 3.2B) is 
perpendicular to the plane of the sheet and has magnitude

where σ is the surface charge density (charge per unit area). However, for an 
isolated conductive object, the electric field is two times stronger:



A very important consequence of Gauss’ law is that electric charges are distributed 
only on the outside surface. This is a result of repelling forces between charges of 
the same sign: All charges try to move as far as possible from one another.

The only way to do this is to move to the foremost distant place in the material,
which is the outer surface. Of all places on the outer surface, the most preferable
places are the areas with the highest curvatures. 

This is why pointed conductors are the best concentrators of the electric field 
(Fig. 3.2C). 



A very useful scientific and engineering tool is a Faraday 
cage: a room entirely covered by either grounded 
conductive sheets or a metal net. No matter how strong 
the external electric field, it will be essentially zero inside 
the cage. 

This makes cars and metal ships the best protectors during thunderstorms, 
because they act as virtual Faraday cages. It should be remembered, however, 
that the Faraday cage, although being a perfect shield against electric fields, is 
of little use to protect against magnetic fields, unless it is made of a thick 
ferromagnetic material.



An electric dipole is a combination of two opposite charges placed at a 
distance 2a apart (Fig. 3.3A). Each charge will act on a test charge with 
force which defines electric fields E1 and E2 produced by individual 
charges. 



A combined electric field of a dipole, E, is a vector sum of two fields. 
The magnitude of the field is

where r is the distance from the center of the dipole



• When a dipole is placed in an electric field, it  
becomes subjected to a rotation force (Fig. 3.3B). 
Usually, a dipole is a part of a crystal which defines 
its initial orientation. 
• An electric field, if strong enough, will align the 
dipole along its lines. Torque, which acts on a 
dipole in a vector form, is

The spatial position of a dipole may be specified by its moment in vector form: 
p. Not all materials have a dipole moment: Gases such as methane, 
acetylene, ethylene, carbon dioxide, and many others have no dipole moment. 
On the other hand, carbon monoxide has a weak dipole moment 
(0.37×10−30Cm) and water has a strong dipole moment (6.17×10−30C m).



Work must be done by an external agent to change the orientation of an 
electric dipole in an external electric field. This work is stored as potential 
energy U in the system consisting of the dipole and the arrangement used to 
set up the external field. In a vector form this potential energy is

A process of dipole orientation is called poling. The aligning electric field must 
be strong enough to overcome a retaining force in the crystalline stricture of 
the material.

To ease this process, the material during the poling is heated to increase the
mobility of its molecular structure. 

The poling is used in fabrication of piezoelectric and pyroelectric crystals.



The electric field around the charged object can be described not only by the
vector E, but by a scalar quantity, the electric potential V as well.

To find the voltage between two arbitrary points, we may use the same 
technique as above—a small positive test charge q0. If the electric charge is 
positioned in point A, it stays in equilibrium, being under the influence of force 
q0E. 

Theoretically, it may remain there infinitely long. Now, if we try to move it to 
another point B, we have to work against the electric field. 

Work (WAB) which is done against the field (that is why it has negative sign) 
to move the charge from A to B defines the voltage between these two 
points:



Correspondingly, the electrical potential at point B is smaller than at point A. 
The SI unit for voltage is 1 volt = 1 joule/coulomb. For convenience, point A is 
chosen to be very far away from all charges (theoretically at an infinite 
distance) and the electric potential at that point is considered to be zero. 

This allows us to define the electric potential at any other point as

This equation tells us that the potential near the positive charge is positive, 
because moving the positive test charge from infinity to the point in a field, 
must be made against a repelling force. This will cancel the negative sign in 
formula. 

It should be noted that the potential difference between two points is 
independent of the path along which the test charge is moving.



It is strictly a description of the electric field difference between the two points. If 
we travel through the electric field along a straight line and measure V as we go, 
the rate of change of V with distance l that we observe is the components of E in 
that direction

The minus sign tells us that E points in the direction of decreasing V . Therefore, 
the appropriate units for electric field is volts/meter (V/m).



Let us take two isolated conductive objects of arbitrary shape (plates) and 
connect them to the opposite poles of a battery (Fig. 3.4A). 

The plates will receive equal amounts of opposite charges; that is, a 
negatively charged plate will receive additional electrons while there will be a 
deficiency of electrons in the positively charged plate.

Now, let us disconnect the battery. If the plates are totally isolated and exist 
in a vacuum, they will remain charged theoretically infinitely long. 

A combination of plates which can hold an electric charge is called a 
capacitor. 



If a small positive electric test charge, q0, is positioned between the charged 
objects, it will be subjected to an electric force from the positive plate to the 
negative. The positive plate will repel the test charge and the negative plate will 
attract it, resulting in a combined push-pull force. 

Depending on the position of the test charge between the oppositely charged 
objects, the force will have a specific magnitude and direction, which is 
characterized by vector f .
The capacitor may be characterized by q, the magnitude of the charge on 
either conductor (shown in Fig. 3.4A), and by V , the positive potential 
difference between the conductors. 

It should be noted that q is not a net charge on the capacitor, which is zero. 
Further, V is not the potential of either plate, but the potential difference 
between them. The ratio of charge to voltage is constant for each capacitor:



This fixed ratio, C, is called the capacitance of the capacitor. Its 
value depends on the shapes and relative position of the plates. 

C also depends on the medium in which the plates are immersed. 

Note that C is always positive because we use the same sign for both q and V . 
The SI unit for capacitance is 1 farad = 1 coulomb/volt, which is represented by 
the abbreviation F.

When connected into an electronic circuit, capacitance may be represented 
as a “complex resistance”:

where j =√−1 and i is the sinusoidal current having a frequency of ω, 
meaning that the complex resistance of a capacitor drops at higher 
frequencies. This is called Ohm’s law for the capacitor. The minus sign and 
complex argument indicate that the voltage across the capacitor lags 90◦
behind the current.



Capacitance is a very useful physical phenomenon in a sensor designer’s 
toolbox. It can be successfully applied to measure distance, area, volume, 
pressure, force, and so forth. 

Figure 3.4B shows a parallel-plate capacitor in which the conductors take the 
form of two plane parallel plates of area A separated by a distance d. If d is 
much smaller than the plate dimensions, the electric field between the plates 
will be uniform, which means that the field lines (lines of force f ) will be parallel 
and evenly spaced. 

The laws of electromagnetism requires that there be some “fringing” of the lines 
at the edges of the plates, but for small enough d, we can neglect it for our 
present purpose.

fringing = 



To calculate the capacitance, we must relate V , the potential difference 
between the plates, to q, the capacitor charge:

A cylindrical capacitor, shown in Fig. 3.5A, consists of two 
coaxial cylinders of radii a and b and length l. For the case 
when l >> b, we can ignore fringing effects and calculate 
capacitance from the following formula:

In this formula, l is the length of the overlapping conductors and 2πl[ln(b/a)]−1 
is called a geometry factor for a coaxial capacitor.



In 1837, Michael Faraday first investigated the effect of completely filling the space 
between the plates with a dielectric. He had found that the effect of the filling is to 
increase the capacitance of the device by a factor of κ, which is known as the 
dielectric constant of the material.

The increase in capacitance due to the dielectric presence is a result of molecular 
polarization. 

In some dielectrics (e.g., in water), molecules have a permanent dipole moment, 
whereas in other dielectrics, molecules become polarized only when an external
electric field is applied. Such a polarization is called induced. 

Both cases, either permanent electric dipoles or those acquired by induction, 
tend to align molecules with an external electric field. This process is called 
dielectric polarization.



The left figure shows permanent dipoles before an external 
electric field is applied to the capacitor,

The left figure  shows permanent dipoles after an external 
electric field is applied to the capacitor.

There is no voltage between the capacitor plates, and all 
dipoles are randomly oriented. 

After the capacitor is charged, the dipoles will align with the 
electric field lines; however, thermal agitation will prevent a 
complete alignment. 



Each dipole forms its own electric field which is predominantly 
oppositely directed with the external electric field, E0.

Due to a combined effect of a large number of dipoles (E’), 
the electric field in the capacitor becomes weaker (E = E0 + 
E’) when the field, E0, would be in the capacitor without the 
dielectric.

Reduced electric field leads to a smaller voltage across the capacitor: V =V0/κ.
Substituting it into formula (3.19), we get an expression for the capacitor with a
dielectric:

For the parallel-plate capacitor, we thus have







In a “good” capacitor, a dielectric constant κ and geometry must be stable—
ideally, they should not vary with temperature, humidity, pressure, or any other 
environmental factors. “Good” capacitors are essential components of electronic 
circuits.

However, if you want to design a capacitive sensor, you need to make a “bad” 
capacitor, whose value varies with temperature, humidity, pressure, or whatever 
you need to sense. 

By allowing a capacitor’s parameter to vary selectively with a specific stimulus, 
one can build a useful sensor.



Let us consider a capacitive water-level sensor (Left fig). 

The sensor is fabricated in a form of a coaxial capacitor 
where the surface of each conductor is coated with a thin 
isolating layer to prevent an electric short circuit through 
water (the isolator is a dielectric which we disregard in the 
following analysis because it does not change in the process 
of measurement). 

The sensor is immersed in a water tank. When the level
increases, water fills more and more space between the 
sensor’s coaxial conductors, thus changing the sensor’s 
capacitance. The total capacitance of the coaxial sensor is

where C1 is the capacitance of the water-free portion of the sensor and C2 is the
capacitance of the water-filled portion. The corresponding geometry factors are 
designated G1 and G2. From formulas (3.21) and (3.25), the total sensor 
capacitance can be found as



The slope of the transfer function line 
depends on the liquid.

For instance, if instead of water the 
sensor measures the level of transformer 
oil, it is expected to be 22 times less 
sensitive (see Table A.5).



Another example of a capacitive sensor is a humidity sensor. 



Magnetic properties were discovered in prehistoric times in certain specimens of an
iron ore mineral known as magnetite (Fe3O4). 

The first comprehensive study of magnetism was made by William Gilbert. His 
greatest contribution was his conclusion that the Earth acts as a huge magnet. 

The word “magnetism” comes from the district of Magnesia inAsia Minor, which is 
one of the places at which the magnetic stones were found.

There is a strong similarity between electricity and magnetism. One manifestation
of this is that two electrically charged rods have like and unlike ends, very much in
the same way as two magnets have opposite ends. In magnets, these ends are 
called S (south) and N (north) poles. The like poles repel and the unlike attract. 

Contrary to electric charges, the magnetic poles always come in pairs. This is 
proven by breaking magnets into any number of parts. Each part, no matter how 
small, will have a north pole and a south pole. 



Test magnet in a magnetic field

compass needle rotates in accordance with 
the direction of the electric current

Electric current sets a circular magnetic field around a 
conductor.



A fundamental property of magnetism is that moving electric charges (electric
current) essentially produce a magnetic field. Knowing this, we can explain the 
nature of a permanent magnet.

Asimplified model of a magnetic field origination process is shown in Fig. 3.12A. 
An electron continuously spins in an eddy motion around the atom



Michael Faraday pondered the question, “If an electric current is capable of 
producing magnetism, is it possible that magnetism can be used to produce 
electricity?”



Apractical device for producing a magnetic field is called a 
solenoid. It is a long wire wound in a close-packed helix 
and carrying a current i. 

In the following discussion, we assume that the helix is 
very long compared to its diameter.

If we apply Ampere’s law to that current sheet, the magnitude of magnetic field 
inside the solenoid becomes

where n is the number of turns per unit length and i0 is the current through the 
solenoid wire



Another useful device that can produce a magnetic 
field is a toroid (Fig. 3.14B), which we can describe as 
a solenoid bent into the shape of a doughnut. A 
calculation of the magnetic field inside the toroid gives 
the following relationship:

where N is the total number of turns and r is the 
radius of the inner circular line where the magnetic 
field is calculated. 

In contrast to a solenoid, B is not constant over the cross section of a toroid. Also, 
for an ideal case, the magnetic field is equal to zero outside a toroid.



Permanent magnets are useful components for fabricating magnetic sensors for 
the detection of motion, displacement, position, and so forth. 

To select the magnet for any particular application, the following characteristics 
should be considered:

• Residual inductance (B) in gauss—how strong the magnet is?
• Coercive force (H) in oersteds—how well will the magnet resist external 
demagnetization forces?
• Maximum energy product, MEP, (BH) is gauss oersteds times 106. A strong
magnet that is also very resistant to demagnetization forces has a high MEP.
Magnets with a higher MEP are better, stronger, and more expensive.
• The temperature coefficient in %/◦C shows how much B changes with 
temperature.



In 1831, Michael Faraday in England and Joseph Henry in the United States 
discovered one of the most fundamental effects of electromagnetism: an ability of a 
varying magnetic field to induce electric current in a wire. 

It is not important how the field is produced—either by a permanent magnet or by a 
solenoid—the effect is the same.

Electric current is generated as long as the magnetic field changes. A stationary 
field produces no current. Faraday’s law of induction says that the induced voltage, 
or electromotive force (e.m.f.), is equal to the rate at which the magnetic flux 
through the circuit changes. If the rate of change is in webers per second, the e.m.f. 
(e) will be in volts:

If a solenoid, or other coil, is wound in such a manner so that each turn has the 
same cross-sectional area, the flux through each turn will be the same, and then 
the induced voltage is



Thus, induced voltage depends on the following:

• Moving the source of the magnetic field (magnet, coil, wire, etc.)
• Varying the current in the coil or wire which produces the magnetic field
• Changing the orientation of the magnetic source with respect to the pickup circuit
• Changing the geometry of a pickup circuit, (e.g., by stretching it or squeezing, or
changing the number of turns in a coil)



Specific resistivity

Temperature sensitivity

Strain sensitivity. 

Where E isYoung’s modulus of the material and F is the applied 
force. In this equation, the ratio dl/l =e is called strain, which is 
a normalized deformation of the material.





The piezoelectric effect is the generation of electric charge by a crystalline material
upon subjecting it to stress. The effect exists in natural crystals, such as quartz
(chemical formula SiO2), and poled (artificially polarized) man-made ceramics and
some polymers, such as polyvinylidene flouride. It is said that piezoelectric material
possess ferroelectric properties. 

The name was given by an analogy with ferromagnetic properties. The word piezo
comes from the Greek piezen, meaning to press. 



To pick up an electric charge, conductive electrodes 
must be applied to the crystal at the opposite sides of 
the cut (Fig. 3.22).

As a result, a piezoelectric sensor becomes a 
capacitor with a dielectric material which is a 
piezoelectric crystal. The dielectric acts as a 
generator of electric charge, resulting in voltage V 
across the capacitor. 



Piezoelectric crystals are direct converters of mechanical energy into electrical. The
efficiency of the conversion can be determined from the so-called coupling 
coefficients kmn:

The k coefficient is an important characteristic for applications where energy 
efficiency is of a prime importance, like in acoustics and ultrasonics.

constants dmn are the piezoelectric coefficients along the orthogonal axes of the
crystal cut. Dimensions of these coefficients are C/N (coulomb/newton) (i.e., charge
unit per unit force).

Then, the output voltage is





Pyroelectric materials are crystalline substances capable of generating an 
electrical charge in response to heat flow. The pyroelectric effect is very closely 
related to the piezoelectric effect. 



Contrary to thermoelectrics (thermocouples) which produce a steady voltage when 
two dissimilar metal junctions are held at steady but different temperatures, 
pyroelectrics generate charge in response to a change in temperature. 

Because a change in temperature essentially requires propagation of heat, a 
pyroelectric device is a heat-flow detector rather than heat detector. Sometimes it 
is called a dynamic sensor, which reflects the nature of its response. 

When the pyroelectric crystal is exposed to a heat flow (e.g., from an infrared 
radiation source), its temperature elevates and it becomes a source of heat, in 
turn. 





The effect is based on the interaction between moving electric carriers and an
external magnetic field. In metals, these carriers are electrons. When an electron
moves through a magnetic field, a sideways force acts upon it:



Let us assume that the electrons move inside a flat 
conductive strip which is placed in a magnetic field 
B (Fig. 3.30). 

The strip has two additional contacts at its left and 
right sides which are connected to a voltmeter. 

Two other contacts are placed at the upper and 
lower ends of the strip. These are  connected to a 
source of electric current. 

Due to the magnetic field, the deflecting force shifts 
moving electrons toward the right side of the strip, 
which becomes more negative than the left side; 
that is, the magnetic field and the electric current 
produce the so-called transverse Hall potential 
difference VH . The sign and amplitude of this 
potential depends on both the magnitude and 
directions of magnetic field and electric current. 





In 1821, Thomas Johann Seebeck (1770–1831), an Estonian-born and Berlin- and 
Göttingen-educated physician, accidentally joined semicircular pieces of bismuth 
and copper while studying the thermal effects on galvanic arrangements [28]. 

A nearby compass indicated a magnetic disturbance (Fig. 3.34A). Seebeck
experimented repeatedly with different metal combinations at various temperatures, 
noting related magnetic field strengths. Curiously, he did not believe that an electric 
current was flowing and preferred to describe that effect as “thermomagnetism” [29].



If we take a conductor and place one end of it into a cold place and the other
end into a warm place, energy will flow from the warm to cold part. The energy
takes the form of heat. The intensity of the heat flow is proportional to the thermal
conductivity of the conductor. In addition, the thermal gradient sets an electric field
inside the conductor (this directly relates to the Thompson effect10). The field 
results in incremental voltage:

where dT is the temperature gradient across a small length, dx, and αa is the 
absolute Seebeck coefficient of the material.





What happens when two conductors are joined together? 

Free electrons in metal may behave as an ideal gas. The kinetic energy of 
electrons is a function of the material temperature. However, in different 
materials, energies and densities of free electrons are not the same. When two 
dissimilar materials at the same temperature are brought into a contact, free 
electrons diffuse through the junction [30]. 

The electric potential of the material accepting electrons becomes more negative 
at the interface, and the material emitting electrons becomes more positive. 

Different electronic concentrations across the junction set up an electric field 
which balances the diffusion process, and the equilibrium is established. If the 
loop is formed and both junctions are at the same temperature, the electric fields 
at both junctions cancel each other, which is not the case when the junctions are 
at different temperatures.



The Peltier effect concerns the reversible absorption of heat which usually takes
place when an electric current crosses a junction between two dissimilar metals. 
The effect takes place whether the current is introduced externally or is induced by 
the thermocouple junction itself (due to the Seebeck effect).



The Peltier effect is used for two purposes: It can produce heat or “produce” cold, 
depending on the direction of electric current through the junction. This makes it 
quite useful for the devices where precision thermal control is required. 

Apparently, the Peltier effect is of the same nature as the Seebeck effect. It 
should be well understood that the Peltier heat is different from that of the Joule. 
The Peltier heat depends linearly on the magnitude of the current flow as 
contrasted to Joule heat. 

The magnitude and direction of Peltier heat do not depend in any way on the 
actual nature of the contact. It is purely a function of two different bulk materials 
which have been brought together to form the junction and each material makes 
its own contribution depending on its thermoelectric properties. 

The Peltier effect is a basis for operation of thermoelectric coolers, which are 
used for the cooling of photon detectors operating in the far-infrared spectral 
range and chilled mirror hygrometers .



Alternate physical compression and expansion of medium (solids, liquids, and 
gases) with certain frequencies are called sound waves. 

The medium contents oscillate in the direction of wave propagation; hence, these 
waves are called longitudinal mechanical waves. The name sound is associated 
with the hearing range of a human ear, which is approximately from 20 to 20,000 
Hz. 

Longitudinal mechanical waves below 20 Hz are called infrasound and above 
20,000 Hz (20 kHz), they are called ultrasound. If the classification were made by 
other animals, like dogs, the range of sound waves surely would be wider.

Detection of infrasound is of interest with respect to analysis of building 
structures, earthquake prediction, and other geometrically large sources. When 
infrasound is of a relatively strong magnitude, it can be, if not heard, at least felt 
by humans, producing quite irritating psychological effects (panic, fear, etc.). 



When a medium is compressed, its volume changes from V to V −V . The ratio
of change in pressure, p, to relative change in volume is called the bulk modulus
of elasticity of medium:

where ρ0 is the density outside the compression zone and v is the speed of sound 
in the medium. Then, the speed of sound can be defined as

For solids, longitudinal velocity can be defined through its Young’s modulus E 
and Poisson ratio ν:



Pressure at any given point in media is not constant and changes continuously, and 
the difference between the instantaneous and the average pressure is called the 
acoustic pressure P. 

During the wave propagation, vibrating particles oscillate near a stationary position 
with the instantaneous velocity ξ . The ratio of the acoustic pressure and the 
instantaneous velocity (do not confuse it with a wave velocity) is called the
acoustic impedance:

which is a complex quantity, characterized by an amplitude and a phase. For an
idealized media (no loss), Z is real and is related to the wave velocity as

We can define the intensity I of a sound wave as the power transferred per unit 
area. Also, it can be expressed through the acoustic impedance:



The change in any linear dimension (length, width, or height) is called a linear 
expansion. A length, l2, at temperature, T2, depends on length, l1, at initial 
temperature T1:

where α, called the coefficient of linear expansion, has different values for 
different materials. It is defined as





When an object is warmed, its temperature increases. By warming, we mean the 
transfer of a certain amount of heat (thermal energy) into the object. 

Heat is stored in the object in the form of the kinetic energy of vibration atoms. The 
amount of heat which an object can store is analogous to the amount of water 
which a water tank can store. Naturally, it cannot store more than its volume, which 
is a measure of a tank’s capacity. 

Similarly, every object may be characterized by a heat capacity which depends on 
both the material of the object and its mass, m:

where c is a constant which characterizes the thermal properties of material. It is
called the specific heat and is defined as



There are two fundamental properties of heat which should be well recognized:
(1) The heat is totally not specific; that is, once it is produced, it is impossible to
say what origin it has.
(2) The heat cannot be contained, which means that it flows spontaneously from
the warmer part to the cooler part of the system.

Thermal energy may be transferred from one object to another in three ways:
conduction, convection, and radiation



Heat conduction requires a physical contact between two bodies. Thermally 
agitated particles in a warmer body jiggle and transfer kinetic energy to a cooler 
body by agitating its particles. As a result, the warmer body loses heat while the 
cooler body gains heat. Heat transfer by conduction is analogous to water flow or to 
electric current.

For instance, heat passage through a rod is governed by a law which is similar to 
Ohm’s law. The heat flow rate (thermal “current”) is proportional to the thermal 
gradient (thermal “voltage”) across the material (dT /dx) and the cross-sectional 
area A:

where k is called thermal conductivity. The minus sign indicates that heat flows in
the direction of temperature decrease (a negative derivative is required to cancel 
the minus sign). A good thermal conductor has a high k (most of metals), whereas 
thermal insulators (most of dielectrics) have a low k. 





Another way to transfer heat is convection. It requires an intermediate agent (fluid:
gas or liquid) that takes heat from a warmer body, carries it to a cooler body, 
releases heat, and then may or may not return back to a warmer body to pick up 
another portion of heat.

Heat transfer from a solid body to a moving agent or within the moving agent is 
also called convection. Convection may be natural (gravitational) or forced 
(produced by a mechanism).

An object whose temperature is different from the surroundings will lose (or 
receive) heat, which can be determined from an equation similar to that of thermal
conduction:

where convective coefficient α depends on the fluid’s specific heat, viscosity, and a
rate of movement. The coefficient is not only gravity dependent, but its value 
changes somewhat with the temperature gradient. For a horizontal plate in air, the 
value of α may be estimated from
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