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CHAPTER 1
INTRODUCTION

Motivation for this Project

The change in electrical resistance with temperature across materials s certainly

phenomenon to consider in a wide variety of electronic applications
accuracy are two important requirements fora warklng design-




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 frequ‘e_nt collisions.
Consequently, the flow of electrons is restricted, and this 'r_esults_ in an increased :
opposition to the flow of electric current, hence an increase in electrical resistal

1.1.1 Brief Historical Overview of the Temperat
Resistance _ :

The relationship hetween temperat




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

1.1 Linear Temperature Dependence (Tejj o
Resistance - o) ,

In many conductar‘s- s‘uch as 'métd ._




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

depending on the nature of the material.

(a) Positive Temperature Cc

A material is said to have a positive t
58




Therefore, these materials exhibit a negative temperat

1.2.2 Applications




where
Ea is the activation energy,
K is Boltzmann'’s const




CHAPTER 2
EXPERIMENT AND METHODOLOGY
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2.1 Aim of the Experiment




resistance measured corresponds onl
surrounding medium.

y to the sample and is not influenced by the

Alternative insulating liquids such as liquid paraffin or transformer oil could also

however, coconut oil was preferred due to availability and suitability for |
temperature measurements,

Thus, the selected combination ensures safe, unif
for resistance measurement.
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» Resistance during cooling

To reduce experimental error and hysteresis effects, the mean of the heating and
cooling resistance values was ¢ alculated 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




CHAPTER 3
METAL WIRES AND ALLOYS

3.1 Mechanism of temperature dependence of resistance
metallic alloys

In the present experiment, copper was




3.2 OBSERVATIONS

a) COPPER WIRE

Resistance
(heating) (2)










3.3 CALCULATIONS

a)Determination of temperature Coefficient of Copper Wire

From the observation table of Copper Wire




3.4 INFERENCE

From this experiment,

the temperature coefficient of Copper wire is a =2
the temperature coefﬁclent of N m




CHAPTER 4

CARBON FILM RESISTORS

4.1 Structure and Internal Mechanism of Carbon Film Resistors

A carbon film resistor is made by depositing a thin carbon layer onto a ceramic substrate
under high temperature and vacuum conditions. This process involves thermally
decomposing hydrocarbon gas, which forms a uniform carbon film on the surface of a
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 resistive 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.

» Carbon film layer: Acts as the resistive element.

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

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

» 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.
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4.2 OBSERVATIONS

4.2.1 1MQ Carbon Film Resistor







Resistance Resistance
(heating) (kQ) (cooling) (ka)







Resistance Resistance
(heating) (Q) (cooling) ()







4.3 INFERENCE

From the calculated results,

For 100 Q resistor: a = -2.926x 10" C1

1.
5. For 10 kQ resistor: a = -3.569% 10* °C*

3. For1MQresistor: a=-7.12x 104 °C2




CHAPTER 5
THERMISTORS (NTC AND PTC)

5.1 THERMISTORS

A .thermlstor 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
only a limited number of carriers are available for conduction. As

more charge carriers gain sufficient thermal energy to move into
d increase in conductivity and hence a decrease in
strong non-linear and negative temperature

temperatures,
temperature increases,
conduction states. This leads to a rapi
resistance. Thus, NTC thermistors exhibit

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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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

J Resistance at temperature R=28.55k Q
 B=In(32)/( — 7-)=In(28.55/40.65)/(1/315-1/301)
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5.3 INFERENCE

ent that thermistors exhibit strong non-

linear temperat
perature dependence when com pared to metallic wires and carbon film

resistors studied earlier.

For the NTC thermistor, the resistance decreases
The calculated B value (~3.39 x 10
devices. This confirms that the con

rapidly with increase in temperature.
K) lies within the typical range for practical NTC

' ' duction mechanism is thermally activated and follows
a!1 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 10* 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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CONCLUSION

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.

Erom 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.

negative temperature coefficients,
ance range. This highlighted how
behaviour even in fixed

The investigation of carbon film resistors showed

with the magnitude varying depending on resist

material composition and internal structure influence thermal
~ 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
1 ' 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
3 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







