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ABSTRACT

This project studies how the electrical resistance of different
materials changes with temperature. The temperature coefficient (a)
was determined for copper, nichrome, and carbon film resistors,
while the beta (B) parameter was calculated for NTC and PTC
thermistors. The behaviour of linear and non-linear temperature
dependence was analysed through experimental measurements.

The study highlights how different materials respond to temperature
variations and explains the practical importance of temperature
coefficients in electrical and electronic applications.
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CHAPTER 1
INTRODUCTION

Motivation for this Project

The change in electrical resistance with temperature across materials is certainly a
phenomenon to consider in a wide variety of electronic applications. Stability and
accuracy are two important requirements for a working design. For example, a resistor
or thermistor or a sensor in a circuit will operate in varying thermal conditions and will
perform based on their resistive response to temperature changes.

The resistance of a material is a critical factor in the selection of a material for a
particular application. For example, in the protection circuit, materials with a positive
temperature coefficient are used; and for temperature sensing devices, materials with a
negative temperature coefficient are preferred. Thermistors are widely used because of
their high temperature dependence to measure and control temperature accurately.

The core aim of this project is to investigate and analyze experimentally how resistance
for different materials changes with temperature, including the computation of the
temperature coefficient. In the study of thermistors, resistors of carbon film and
metallic wires the project intends to recognize and compare the sensitivity and the
temperature behavior, linear or non-linear. This study will demonstrate the importance
of the temperature coefficient of resistive materials and its significance in electronics.

1.1 Temperature Dependence of Resistance

The property of a material to resist the flow of free charges across its cross-section is
called the Electrical Resistance of a material. According to Ohm’s law, “The electrical
resistance of a circuit is the ratio between the voltage applied to the current flowing
through it.” The unit of electrical resistance is ohms (Q).

In conductors, free electrons are the main charge carriers responsible for the flow of
electric current. When an external electric field is applied, these electrons gain a drift
velocity in the opposite direction of the applied electric field and flow through the
crystal lattice structure of the material. At normal temperature and pressure, the atoms
in the lattice are at rest at their equilibrium positions, thus allowing free flow of

electrons between them.




But when the temperature of the conductor rises, the atoms gain thermal energy and
start vibrating around their equilibrium positions in the lattice structure. These
additional lattice vibrations hamper the flow of electrons and cause frequent collisions.
Consequently, the flow of electrons is restricted, and this results in an increased
opposition to the flow of electric current, hence an increase in electrical resistance.

1.1.1 Brief Historical Overview of the Temperature Dependence of
Resistance

The relationship between temperature and electrical resistance was first systematically
studied in the early nineteenth century when scientists began investigating how heat
affects electrical conduction in metallic wires. One of the earliest contributors was Sir
Humphry Davy, who observed that heating a metal wire changed its electrical behaviour
during his experiments on electrical conduction.

Later, more detailed and quantitative investigations were carried out by William
Thomson and James Prescott Joule, who studied the relationship between heat, current,
and resistance. Their work helped establish that resistance is not a constant property,
but depends on temperature due to changes occurring within the material.

In the late nineteenth century, the electron theory of metals was further developed by
Paul Drude, who explained electrical conduction in terms of the motion of free electrons.
This provided the physical basis for understanding why resistance increases in metals
with temperature, due to increased collisions between electrons and vibrating atoms.

These foundational studies eventually led to the formulation of the temperature
coefficient of resistance (a) for metals and the exponential temperature coefficient (B)
for semiconductors. These parameters are now widely used in practical applications
such as temperature sensing, electronic circuit design, and material characterisation.

1.1.2 Temperature Coefficient of Resistance

The parameter used to quantify the change in resistance of a material with respect to
the change in temperature is known as the temperature coefficient of resistance.

The linear change in resistance with respect to temperature is quantified by the
parameter a (alpha), known as the linear temperature coefficient of resistance.




When the change in resistance with temperature is nonlinear, especially in thermistors,
it is quantified by the parameter B (beta), known as the nonlinear temperature
coefficient constant.

1.1 Linear Temperature Dependence (Temperature Coefficient of
Resistance - a )

In many conductors such as metals, the variation of resistance with temperature follows
an approximately linear relationship over a limited temperature range. This behaviour is
known as linear temperature dependence of resistance. In such cases, the change in
resistance is directly proportional to the change in temperature.

For small temperature variations around a reference temperature To, the resistance at
temperature T can be expressed as:

Ri= Ro (1+aAT)

Where,
Rr = resistance at temperature T,

Ro = resistance at reference temperature To,
AT=(T-To)

The temperature coefficient of resistance a (alpha) is defined as the fractional change in
resistance per unit change in temperature at the reference temperature.
Mathematically,

i (Rt—Rp)
Ro(T—To)
The unit of a is °C™?

In reality, resistance is a function of temperature and can be expressed as a series
expansion about the reference temperature To

R = Ro (1+QAT+BAT24+yAT3+... )

Here, a, B, y are temperature coefficients of different orders.

The linear temperature dependence formula is obtained by neglecting the higher-order
terms (AT2, AT? etc.) and retaining only the first-order term. This is called a first-order
approximation. The higher-order terms involve powers of AT, so when the temperature
change is small, these terms become very small compared to the first-order term i.e,




(AT?<<AT) and can be ignored without introducing significant error. Thus the simplified
equation is obtained.

1.2.1 Positive and Negative Behaviour of Temperature Coefficient (a)

The temperature coefficient of resistance (a) may be either positive or negative
depending on the nature of the material.

(a) Positive Temperature Coefficient (o > 0)

A material is said to have a positive temperature coefficient when its resistance
increases with increase in temperature.This behaviour is generally observed in metallic
conductors such as copper, aluminium and nichrome. In metals, free electrons are the
primary charge carriers. When temperature increases, lattice vibrations increase. These
enhanced vibrations cause increased scattering of electrons, thereby reducing their
mobility. As a result, resistance increases with increase in temperature.

Here, (Rr—Rg)>0

Since resistance increases proportionally with temperature over a moderate range, the
value of a for metals is positive.

(b) Negative Temperature Coefficient (a < 0)

A material is said to have a negative temperature coefficient when its resistance
decreases with increase in temperature.This behaviour is commonly observed in
semiconducting materials and carbon-based resistors. In such materials, the number of
charge carriers is strongly dependent on temperature. At lower temperatures, only a
limited number of electrons have sufficient energy to move into the conduction band.
When the temperature increases, additional thermal energy is supplied to the material.
This energy excites more electrons from bound states into conduction states, thereby
increasing the number of free charge carriers available for conduction.

Although lattice vibrations also increase with temperature and reduce carrier mobility,
the increase in carrier concentration is much more significant than the decrease in
mobility. As a result, the overall conductivity increases and resistance decreases with

temperature.

Here, (Rr—Ro) <0




ety R e
Therefore, these materials exhibit a negative temperature coefficient of resistance.

1.2.2 Applications

The linear temperature coefficient relation is widely used in:

Estimating resistance change in metallic conductors.

Designing temperature compensation circuits.

vV V. V¥V

Calibration of resistance temperature detectors (RTDs).

wf

Material characterization studies where small temperature variations are involved.

1.3 Non-Linear Temperature Dependence (Temperature Coefficient - )

In certain materials, especially thermistors and semiconducting devices, the variation of
resistance with temperature does not follow a linear relation. Instead, the resistance
changes rapidly and non-proportionally with temperature. This type of behaviour is

known as non-linear temperature dependence, In such cases, the linear approximation
is not valid.

For thermistors, particularly NTC types, the resistance varies approximately according to
an exponential relation:

1 1
R=Roe[B(; — T—o)]
Where,
R = resistance at absolute temperature T
Ro = resistance at reference temperature To
B = material constant (beta coefficient)
T and Tp are in Kelvin.

Thus the temperature coefficient of Resistance B can be equated as,
- Ro, ,,1 _ _1_
B= N2/ — 1)
The unit of K?

In semiconducting materials, electrical conduction depends strongly on temperature
because the number of charge carriers increases exponentially with thermal energy. The
conductivity of such materials follows an activation energy relation derived from
semiconductor physics:




o o< eM(-Ea/2KgT)
where
Ea is the activation energy,
Ke is Boltzmann’s constant,
Tis absolute temperature.

Since resistance is inversely proportional to conductivity, this leads to an exponential
dependence of resistance on temperature. The beta parameter (B) is related to the
activation energy of the material. Thus, unlike the linear a-model which is obtained by
first-order approximation, the p-model arises from the intrinsic thermal excitation
behaviour of semiconducting materials.

The B coefficient also has positive and negative behaviour which is thoroughly discussed
in Chapter-5 of Thermistors.

1.3.1 Applications

The non-linear beta relation is widely used in:

e NTC thermistors for temperature sensing
e |nrush current limiting devices

o Temperature compensation circuits

e Precision thermal monitoring systems




CHAPTER 2
EXPERIMENT AND METHODOLOGY

2.1 Aim of the Experiment
The aim of the experiment is to determine the temperature coefficlent of resistance of

the given materials by studying the variation of resistance with temperature under
controlled heating and cooling conditions.

2.2 Apparatus

The following components were used to perform the experiment:

Digital Multimeter (to measure resistance)

QA burner (to provide controlled heating)

Thermometer (to measure temperature)

Beaker containing water

Test tube containing coconut oll

Given resistive materials (metal wires, carbon film resistors, thermistors)
Connecting wires and supporting stand.

e - o

2.2.1 Justification for the use of water bath and coconut oil

The water bath was chosen as the external source of heat because of its capability to
provide uniform and controlled heating. The boiling point of water under normal
atmospheric pressure is about 100°C. This limits the maximum temperature of the
system. This is important because it prevents the system from getting too hot, which
may damage the test material. The water bath is also safe, readily available, and stable
at the range of temperatures needed.

Liquids with boiling points below that of water such as alcohol or acetone would restrict
the temperature range and evaporate rapidly, leading to unstable heating conditions.
Liquids with higher boiling points such as glycerin or silicone oil would allow higher
temperatures but require additional safety precautions, which were unnecessary for this

study.

Coconut oil was used inside the test tube as it Is electrically non-conductive and
thermally stable within the experimental range. Its insulating nature ensures that the

e i S Sor e gt e iy




resistance measured corresponds only to the sample and Is not Influenced by the
surrounding medium,

Alternative Insulating liquids such as liquid paraffin or transformer oll could also be used;

however, coconut oil was preferred due to avallabllity and sultability for moderate
temperature measurements.

Thus, the selected combination ensures safe, uniform, and rellable temperature control
for resistance measurement,

2.3 Procedure

The two ends of the material under observation was connected to a digital multimeter using

sufficiently long connection wires, then Immersed In a test tube filled with coconut oll. The test

tube containing oll was then partially immersed In a beaker filled with water. The beaker was

placed over a QA burner. Thus, the burner did not directly heat the materfal or the oll. Instead,

heat was transferred from the burner to the water and from the hot water to the oll In the test

tube.

This indirect heating arrangement served two Important purposes;

» It ensured gradual and uniform heat transfer.

» It prevented the oil from exceeding 100°C, since the bolling point of water limits the
maximum temperature of the surrounding medium.

By maintaining this arrangement, overheating of the material was avoided, thereby preventing
thermal damage and ensuring reliable measurements.

The resistance of the material was measured using the digital multimeter. Initially, the
resistance of the material was recorded at room temperature. The corresponding temperature
was noted using a thermometer.

The burner was then ignited, and the temperature of the water was increased gradually. As the
temperature rose, readings of resistance were recorded at regular intervals of 5°C.

At each temperature step, the water In the beaker was stirred continuously for the uniform
distribution of heat. The thermometer was kept close to the material as to verify that the oil and
the material attained the same temperature before recording the resistance value.

The temperature was increased until the maximum measurable temperature (close to 100°C)
was reached.

After reaching the maximum temperature, the burner was switched off. The entire setup was
allowed to cool naturally. During the cooling process, resistance values were again recorded at

the same temperature intervals.

For each temperature, two resistance values were obtained:

» Resistance during heating




> Resistance during cooling

To reduce experimental error and hysteresis effects, the mean of the heating and
cooling resistance values was calculated for each temperature.

These mean resistance values were then used to plot the Temperature (T) versus
Resistance (R) graph for the respective materials.

The slope of the graph was used to determine the temperature coefficient of resistance
for materials exhibiting linear behaviour. For thermistors, the appropriate non-linear
relation was applied

Fig.2.3(b) The component
under study dipped in coconut
oil in a test tube which is
immersed in a water bath

Fig.2.3(a) Experimental setup
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CHAPTER 3
METAL WIRES AND ALLOYS

31 Me.chanism of temperature dependence of resistance of metals and
metallic alloys

In the present experiment, copper was used as the pure metallic conductor and
nichrome as the alloy. The temperature dependence of resistance in both materials
arises due to changes in electron scattering mechanisms within the lattice.

In copper, free electrons move through a periodic crystal lattice. When temperature is
increased, vibrations of the lattice also increase. These quantised vibrations of the
lattice are called phonons. When temperature is increased, the electron-phonon
interaction also increases, which results in an increase in the scattering of electrons
resulting in the gradual increase of resistance of the copper wire.

Nichrome, being an alloy primarily composed of nickel and chromium, has a more
disordered lattice structure compared to pure copper. The presence of different atomic
species introduces structural irregularities and impurity scattering even at room
temperature. These impurity atoms act as additional scattering centers for electrons.

When nichrome is heated, lattice vibrations (phonons) also increase, contributing to
additional electron scattering. However, because impurity scattering is already
significant in alloys, the relative increase in resistance with temperature is smaller
compared to copper. This results in a lower temperature coefficient of resistance for

nichrome.

Thus, both copper and nichrome exhibit positive temperature dependence of resistance,
but the magnitude of change differs due to differences in lattice structure and scattering

mechanisms.

10
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3.2 OBSERVATIONS
a) COPPER WIRE
i ———— - ;
Temperature (°C) Resistance Resistance | Mean Resistance
(heating) (Q2) (cooling) (£2) (Q)
28 11.5 117 11.6
33 117 119 11.8
38 119 12 11.95
43 121 121 121
48 12.2 12.2 12.2
53 123 123 123
58 12.4 12.4 12.4
63 125 125 12.5
68 12,7 12.7 12.7
73 129 12.9 12.9
78 13.1 13.1 13.1
83 13.2 13.2 13.2
88 13.4 13.4 13.4
93 13.6 13.6 13.6
95 13.8 13.8 13.8
Table 3.2(a) Represents the change in the resistance of the copper wire when heated
gradually In steps of 5°C

11
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Fig 3.2 (a) Variation of resistance with temperature of copper. The graph shows a linear
increase in resistance with temperature, indicating a positive temperature coefficient of
resistance for copper within the experimental range.

Temperature (°C) Resis:tance Resi'stance 'Mean
(heating) (2) (cooling) () Resistance (Q)
28 11.2 11.8 115
38 11.7 119 11.8
43 11.8 119 11.85
53 12 11.9 11.95
63 12 12 12
73 12.1 121 121
78 12.1 12.2 12.15
95 12.2 12.2 12.2

12

— Mean
Resistance




Table 3.2(b)Represents the variati i
on of resistance in Ni ire wi i
in temperature. ichrome wire with every 5°C rise

Temperature (°C) vs Resistance (Q)
24~ R

12.1 T

it i ]

194 - ———f——— : = I

Resistance

11.8 1 &

Resistance (Q)

11.7 4

11.6 1

T T ] hd ¥ & :

0 0 50 60 ] 80 %0
Temperature (*C)

Fig 3.2(b) Variation of resistance with temperature for nichrome. The graph shows
an overall increasing trend of resistance with temperature for nichrome within the
experimental range.
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3.3 CALCULATIONS

a)Determination of temperature Coefficient of Copper Wire

; From the observation table of Copper Wire

' Reference temperature, T=28°C

Resistance at reference temperature,Ro= 11.60Q
Temperature, T =38°C

Resistance at Temperature, Ry=11.950

a = (Rr-Ro)/(Ro[T-To]) = (11.95-11.6)/(11.6[38-28))

J a_=2.9288 x 10-3 °C!

b)Determination of temperature Coefficient of Nichrome Wire

From the observation table of Nichrome wire
Reference temperature, To=53°C

Resistance at reference temperature,Ro= 11.95Q
Temperature,T =63°C

Resistance at Temperature, Ri=12Q

a = (Rr-Ro)/(Ro[T-To]) = (12-11.95)/(11.95[63-53])

g =4.1667x104°C

14
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3.4 INFERENCE

From this experiment,

the temperature coefficient of Copper wire is a =29288 x 10-3°C-1
the temperature coefficient of Nichrome wire is & =4.1667 x 10-4 °C-1

It is observed that the temperature coefficient of co
of nichrome. This indicates that the resistance of co
temperature compared to nichrome.

pper is significantly higher than that
pper changes more rapidly with

The comparatively lower a value of nichrome confirms that alloys exhibit smaller

temperature sensitivity than pure metals. This is because impurity scattering in alloys

already contributes to resistance at room temperature, thereby reducing the relative

effect of temperature-induced Iattice vibrations. Both materials show positive

temperature coefficients, confirming that their resistance increases with temperature

within the experimental range. The results are consistent with the expected behaviour
of metallic conductors and alloys.

15
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CHAPTER 4
CARBON FILM RESISTORS

4.1 Structure and Internal Mechanism of Carbon Film Resistors
A carbon'film VESISION s made by depositing a thin carbon layer onto a ceramic substrate
under hlg‘h temperature and vacuum conditions. This process involves therm:ll

decomposing hydrocarbon gas, which forms a uniform carbon film on the surface of:
ceramic rod. The resistance value is mainly determined by the thickness of this carbon
film, and is further adjusted by cutting a spiral groove into the carbon layer to increase

the. effective rt?Sl-Stive path. The surface is coated with an epoxy resin to protect the
resistor from environmental factors and mechanical damage

The key structural parts of a typical carbon film resistor are:

» Ceramic core: Provides mechanical support and
insulation. Helcal a0 reoch the

» Carbon film layer: Acts as the resistive element.

» Helical groove: Controls effective resistance by
increasing the current path length.

End caps with leads

» Metal end caps and leads: Allow external
electrical connections.

Razslor Gudo ©

Larger pitch means shorter resistance
path, thus lower resistance vale

> Protective epoxy coating: Shields the carbon film
from moisture and physical impact.

In carbon film resistors, the carbon layer behaves as a semiconducting material.
Electrical conduction occurs through charge carriers that flow across carbon grains and
grain boundaries. With an increase in temperature, more charge carriers gain thermal
energy, which enhances conductivity. As a result, the resistance decreases with
increasing temperature, giving carbon film resistors a negative temperature coefficient

(NTC) of resistance.

In this experiment Carbon Film resistors of multiple resistance ranges were studied and

the temperature coefficient a for each range was obtained.

16




4.2 OBSERVATIONS

4.2.1 IMQ Carbon Film Resistor

'rem;e\r;l;u; Q) Res.istangr Resistance Mean
(heating) (M0) (cooling) (mn) Resistance(M0)

28 1193 | 113 1.193
33 1187 | 1.19 1.1885
38 1.183 1.186 1.1845

43 1.179 1.181 1.18

48 1.175 1177 1176

53 1171 1173 1172

58 1.167 1.169 1.168

63 1.164 1.166 1.164

68 1.16 1.163 1.1615

73 1.157 1.159 1.158

78 1.153 1.156 1.1545

83 1.15 1.152 1151

88 1.146 1.148 1.147

90 1.145 1.145 1.145

Table 4.2.1(a) Variation of Resistance of 1 MQ-Carbon film resistor with every 5°C
rise in temperature

17




Resistance (MQ) v/s Temperature (°C)

1.2 - —

AN

119 44— \

118 Mean
Resistance
(MQ)

117

1.16 \

1.15 \

114 ; <

Resistance (MQ)

Temperature (°C)

Fig 4.2.1(a) The graph shows a decreasing trend of resistance with increasing
temperature for carbon film resistors, indicating negative temperature dependence.

4.2.1 Calculations

From the observation table of 1MQ Carbon Film Resistor
Reference temperature, To=28°C

Resistance at reference temperature,Ro= 1.193MQ
Temperature,T=38°C

Resistance at Temperature, Rr=1.1845MQ

a = (Rr-Ro)/(Ro[T-To]) = (1.184-1.193)/(1.193[38-28])

a =-7.12x10*°C?

18




4.2.2 10kQ Carbon Film Resistor

Temperature (°C) Resistance Resistance Mean
(heating) (kQ) (cooling) (kQ) | Resistance (kQ)

26 9.82 9.81 9.815
31 9.8 9.81 9.805
36 9.78 9.8 9.79
41 9.76 9.78 9.77
46 9.74 9.76 9.75
51 9.73 9.75 9.74
56 9.71 9.73 9.72
61 9.69 9.71 9.7
66 9.68 9.7 9.69
71 9.66 9.68 9.67
76 9.65 9.67 9.66
81 9.63 9.65 9.64
86 9.61 9.64 . 9.625
91 9.6 9.62 9.61
9% 9.6 9.61 9.605
98 9.6 9.6 9.6

Table 4.2.2(a) Variation of Resistance of 10 kQ -Carbon film resistor with

every 5°C rise in temperature

19
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Fig 4.2.2(a) The graph shows a decreasing trend of resistance with increasing
temperature for carbon film resistors, indicating negative temperature dependence.

4.2.2 Calculations

From the observation table of 10k Carbon Film Resistor
Reference temperature, To=31°C

Resistance at reference temperature,Ro= 9.805kQ
Temperature,T =41°C

Resistance at Temperature, Rr=9.77kQ

a = (Rr-Ro)/(Ro[T-To]) = (9.77-9.805)/(9.805[41-31])

20




4.2.3 100Q Carbon Film Resistor

Temperature (°C) Resistance Resistance Mean
(heating) () (cooling) () | Resistance ()

30 103.2 102.6 102.9
35 103.1 102.2 102.65
40 102.9 102.1 102.5
45 102.6 102.1 102.35
50 102.5 101.9 102.2
55 102.4 101.7 102.05
60 102.3 101.4 101.85
65 102.1 100.9 102.1
70 102 100.8 101.4
75 102 100.6 101.3
80 101.9 100.5 101.2
85 101.7 100.4 101.05
90 101.5 100.1 100.8
95 101.4 100.1 100.75

Table 4.2.3(a) Variation of Resistance of 1000 -Carbon film resistor with every 5°C

rise in temperature.

21




Resistance (Q) v/s Temperature (°C)
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Fig 4.2.2(a) The graph shows a decreasing trend of resistance with increasing
temperature for carbon film resistors, indicating negative temperature dependence.

4.2.3 Calculations
From the observation table of 100§ Carbon Film Resistor

Reference temperature, To=40°C

Resistance at reference temperature,Ro= 102.5Q
Temperature,T =50°C

Resistance at Temperature, R1=102.2Q

a = (Rr-Ro)/(Ro[T-Ta]) = (102.2-102.5)/(102.5[60-50])
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4.3 INFERENCE

From the calculated results, the temperature coefficients of the carbon film resistors are:
1. For 100 Qresistor: a=-2.926x 10 °C1
2. For 10 kQ resistor: a =-3.569x 10 °C-1

3. For 1MQresistor: a=-7.12x 10*°C1

All the resistors exhibit negative temperature coefficients, confirming that their
resistance decreases with increase in temperature.

It is observed that the magnitude of a increases as the nominal resistance increases. The
1 MQ resistor shows the highest magnitude of temperature coefficient, indicating
greater sensitivity to temperature variation. The 100 Q resistor shows comparatively
lower temperature sensitivity within the same experimental range.

This variation in a among different resistance ranges can be attributed to differences in
carbon film thickness, helical trimming length, and internal micro-structure, which
influence how temperature affects carrier transport in the resistive layer.
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CHAPTER 5
THERMISTORS (NTC AND PTC)

5.1 THERMISTORS

A thermistor is a temperature-sensitive resistor whose resistance changes significantly
with temperature. Unlike ordinary resistors, thermistors exhibit a strong and non-linear

temperature dependence. The term “thermistor” is derived from the combination of the
words thermal and resistor.

Thermistors are generally made from semiconducting ceramic materials formed by
sintering metal oxides such as manganese, nickel, cobalt, or barium compounds. Due to
their semiconducting nature, their resistance varies more sharply with temperature
compared to metallic conductors.

5.1.1 TYPES OF THERMISTORS

Thermistors are broadly classified into two types based on their temperature behaviour:
1. Negative Temperature Coefficient (NTC) Thermistors

An NTC thermistor is one in which resistance decreases with increase in temperature. In
NTC materials, conduction is governed by thermally activated charge carriers. At lower
temperatures, only a limited number of carriers are available for conduction. As
temperature increases, more charge carriers gain sufficient thermal energy to move into
conduction states. This leads to a rapid increase in conductivity and hence a decrease in
resistance. Thus, NTC thermistors exhibit strong non-linear and negative temperature

dependence.
2. Positive Temperature Coefficient (PTC) Thermistors

A PTC thermistor is one in which resistance increases with increase in temperature.
PTC thermistors are commonly made from doped ceramic materials such as Barium
Titanate. At lower temperatures, they behave like semiconductors with moderate
conductivity. However, near a specific temperature known as the Curie temperature, a
structural phase transition occurs in the material. This phase transition increases the
potential barrier at grain boundaries, restricting charge carrier movement. As a result,
resistance increases sharply within a narrow temperature range.
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Unlike NTC thermistors, the resistance change in PTC devices is often abrupt rather than
gradual. The temperature dependence is highly non-linear.

Thus, while NTC behaviour is dominated by carrier concentration increase, PTC
behaviour is influenced by structural changes within the material.

5.1.2 APPLICATIONS

Due to their high sensitivity to temperature, thermistors are widely used in practical
applications such as:

Temperature sensing and measurement
Digital thermometers

Temperature compensation circuits
Inrush current limiting (NTC type)
Overcurrent protection devices (PTC type)
Battery pack temperature monitoring

vV V VYV VYV

Compared to metallic resistance temperature detectors (RTDs), thermistors provide
higher sensitivity but operate over a more limited temperature range.
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5.2 OBSERVATIONS

5.2.1 NTC Thermistor

P’;;n:’;ture (°C) Resistance Resistance Mean

P (heating) (kQ) (cooling) (kQ) | Reslistance (kQ)

KL 55.3 55.3 55.3
32 34.8 46.5 40.65

37 29.7 37.4 33.55
42 25 321 28.55
47 22.2 26.7 24.45
52 17.62 20.8 19.21
57 14.82 17.67 16.245
62 12.93 14.65 12.93
67 11.09 13.29 12.19
72 9.56 10.91 10.235
77 7.79 7.57 7.68
82 7.52 7.28 7.4
87 6.55 6.69 6.62
92 4.9 4.93 4,915
93 4.77 4.72 4,745

Table 5.2.1(a) Variation of Resistance of NTC Thermistor with every 5°C rise in temperature.
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Fig 5.2.1(a) The graph shows a decreasing trend of resistance with increasing
temperature for NTC Thermistor, indicating negative temperature dependence.

5.2.1 Calculations

Determination of B temperature coefficient of resistance of NTC thermistor

Reference Temperature T0=32°C=305K
Resistance at Reference Temperature R0=40.65k Q
Temperature, T = 42°C=315K

Resistance at temperature R=28.55k Q

B= ln(%)/(—} — -T-1;)=In(28.55/40.65)/(1/315-1/301)

B=3.40x10°K™
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I 5.2.2 PTC Thermistor

:mperature Q) Resistance Resistance Mean
(heating) (kQ) (cooling) (kQ) Resistance (kQ)

[ 2 0.29 0.28 0.285

32 0.29 0.28 0.285

37 0.294 0.281 0.2875

42 0.299 0.289 0.294

47 0.307 0.298 0.3025

52 0.319 0.315 0.317

57 0.323 0.339 0.331

62 0.339 0.367 0.339

67 0.368 0.44 0.404

72 0.418 0.449 0.4335

77 0.491 0.51 0.5005

82 0.607 0.619 0.613

87 0.844 0.844 0.844
Table 5.2.2(a) Variation of Resistance of PTC Thermistor with every 5°C rise in
temperature. |
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Fig 5.2.2(a) The graph shows an increasing trend of resistance with increasing
temperature for carbon film resistors, indicating positive temperature dependence.

5.2.2 Calculations

Determination of B temperature coefficient of resistance of PTC Thermistor

Reference Temperature T0=32°C=305K
Resistance at Reference Temperature R0=0.285k Q
Temperature, T = 42°C=315K

Resistance at temperature R=0.294k Q

B=In{4)/( — 2)=In(0.294/0.285)/(1/315-1/305)

B=-0. 298x10° K™
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5.3 INFERENCE

From the experimental observations, it is evident that thermistors exhibit strong non
linear temperature dependence when compared to metallic wires and carbon film
resistors studied earlier.

For the NTC thermistor, the resistance decreases rapidly with increase in temperature
The calculated P value (~3.39 x 10° K) lies within the typical range for practical NTC
devices. This confirms that the conduction mechanism is thermally activated and follows

an exponential relation with temperature. The steep slope of the R-T graph indicates
high temperature sensitivity.

For the PTC thermistor, the resistance increases with temperature. The calculated B
value (~0.2.99 x 103 K) is much smaller in magnitude compared to the NTC value. The
negative sign arises from the mathematical form of the equation used and reflects the
positive temperature coefficient behaviour. The variation in resistance is comparatively
gradual within the chosen temperature range, indicating that the sharp transition region
(near Curie temperature) was not fully reached during the experiment.

Thus, the experiment clearly demonstrates that thermistors show much stronger and
non-linear temperature dependence than ordinary resistive materials. NTC thermistors
are highly sensitive and suitable for precise temperature sensing, whereas PTC
thermistors are more suitable for protection and control applications due to their
resistance-increasing behaviour.

Overall, the experiment verifies the theoretical understanding of thermistor behaviour
and highlights the practical significance of B as a parameter representing temperature

sensitivity.
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ONCLUSION

The present study was carried out to analyse the variation of electrical resistance with
temperature for different types of resistive materials, namely metallic wires (copper),
alloy (nichrome), carbon film resistors of different ranges, and thermistors (NTC and
PTC). Through systematic heating and cooling observations, the temperature coefficient.
parameters were determined and compared.

From the study of copper wire, it was observed that resistance increases almost linearly
with temperature, and the calculated positive temperature coefficient confirmed the
expected metallic behaviour. In the case of nichrome, the variation in resistance was
comparatively smaller, indicating lower temperature sensitivity. This helped in
understanding why alloys are preferred in applications requiring thermal stability.

The investigation of carbon film resistors showed negative temperature coefficients,
with the magnitude varying depending on resistance range. This highlighted how
material composition and internal structure influence thermal behaviour even in fixed

resistors.

The study of thermistors provided deeper insight into non-linear temperature
dependence. The NTC thermistor exhibited a strong exponential decrease in resistance
with temperature, and the calculated B value confirmed high thermal sensitivity. The
PTC thermistor showed increasing resistance with temperature, demonstrating a
fundamentally different internal mechanism associated with material structure.

Overall, this experiment strengthened our understanding of how microscopic material
properties influence macroscopic electrical characteristics. It also emphasized that the
temperature coefficient is not merely a numerical parameter, but a physical indicator of
the underlying conduction mechanism. The comparative approach adopted in this work
helped in clearly distinguishing linear metallic behaviour from non-linear semiconductor

behaviour.
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