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RESISTORS
· Resistors limit the current flowing to a smaller safe level.
· Two or more resistors can be used as a voltage divider.
· Voltage dividers can use fixed resistors.
· Voltage dividers can use thermistors or LDRs to make temperature or light sensors.
· Voltage dividers can use potentiometers to make angle sensors.
· Voltage dividers can use potentiometers to make volume controls.
· A timing resistor is used in conjunction with a capacitor to make a timing circuit.
· A pull-up resistor increases the voltage, usually close to the positive power supply voltage.
· A pull-down resistor drops the voltage close to zero or perhaps to the negative power supply voltage.
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Working from the top down in the image above.
· Wire Wound: Designed to dissipate a lot of heat. Used in very high power situations. 100 Watt resistor.
· Wire Wound: Designed to dissipate heat. Used in high power situations. 10 Watt resistor.
· Wire Wound: Designed to dissipate less heat. Used in lower power situations. 5 Watt resistor.
· Wire Wound: Designed to dissipate less heat. Used in lower power situations. 5 Watt resistor.
· Carbon film: Cheap, not very stable over time, might generate circuit noise. Half Watt resistor.
· Metal Oxide: Slightly more expensive than carbon film, more stable over time, less circuit noise, Quarter Watt Resistor.
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	Resistance …
· opposes the free flow of current.
· is like a thin water pipe or a narrow road or a narrow doorway opposing the free flow of people.
· is measured in Ohms.
· is related to the current and voltage by Ohm's law below.
· if a wire is replaced with a resistor, the current drops. 

Definition of the Ohm
· If the resistance is one Ohm, a potential difference of one Volt will cause a current of one Amp to flow.

Ohm's Law
· At a given temperature, the potential difference or Voltage drop (V) across a resistor (R) is proportional to the current (I) flowing through it.


Zero Ohm Resistors
Zero ohm resistors exist. These are used instead of wires because robotic circuit board assembly machines are already able to work with standard resistor shapes. A whole new robot would be needed to work with wires so zero ohm resistors were invented.
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Calculations
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	LDR
As the light gets brighter, the LDR resistance drops.
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	Thermistor
As the temperature rises, the resistance drops.
[image: Thermistor.GIF]
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Resistor Construction
Resistive Material on a Ceramic Tube
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Atypical resistor structure is shown above. The whole itern is coated in paint/plastic and the calour code stripes added last
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The Colour Codes
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« This mnemanic tyme is a good way to remember the order of the calours in the resistor colour code.

« Especially for older British people who can remermber the Great Wester raihway.
« With the exception of Black, Brown, Gray and White, the colours are in the same order as the rainbow colours

Three Stripe Resistors

_ﬂ]]j: Toerances
« Accuracy of manufacture.

Colour | Tolerance | Letter Code
son [ % F
47000 2% R [ > | o
Gold 5% J
« The resistor value is coded as coloured stripes.
« The first stripe represents a number. (Yellow = 4) Sitver 10%
« The second stripe represents a number. (violet = 7) Unmarked 0% M

The last stripe represents the number of zeros. (Orange = 000)
The optional tolerance stripe represents the accuracy. (Red = 2%)
47000 Ohms or 47 kO or 47K.
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Ohm's Law Triangle

This triangle helps some peaple to remernber that
e R=VII
ev=IR

VIR

To remermber this triangle, try this: The Vase on the table Is Red
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Resistors E24

These are the E24 preferred resistor values
They are commanly available from cormponent suppliers.
Resistors smaller than 10 and larger than 10ME) are unusual

The values are as follows

You might encounter a code like this. 47
aR7 The final letter denotes the

=1% esistortolerance.
7R [

=5%
K=10%

M=20%

These resistors generally have a 5% tolerance
(sometimes 2% and recently 1% resistors have
becorme very cheap to buy)

0 ka maf0 ka mofo ko mo .
T o Resistors BS1852
IR T o This is a clear and unambiguous shorthand way to wite or label
a resistor value. You often see this notation on circut diagrams
12 12 120 because it takes up so little space.
13 12 130
Resistance Normal | BS1852
15 15 150
5 15 o 0.47 Ohm w7 | Rz
T e e 47 Ohm 470
20 El 20 47 Ohm 70
22 2 ) 470 Ohm ama | 4R
24 al 240 4700 Ohm a7k | 4
27 z L 47000 Ohm 47k
30 0 300
470000 Ohm | 470k
33 E] 30
35 % = 4700000 Ohm | 47 MO
33 39 390
43 43 430
47 47 470
5.1 51 510
56 56 560
62 62 620
68 E] 680
82 2 20
9.1 91 910
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Resistors in Series

Components connected in Series are wired together as shown in the diagram.

6R 13R

Rigta =Ry + Ry
orfor three resistors
Ryt =Ry +R +Ry
orfor four resistors

R =R+ R+ R R,

Just add the values together
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Resistors in Parallel

Components connected in Parallel are wired together as shown in the diagram.

Forthree resistors
R =1 (HIR +1IR+1/R)

For just two resistors
R =1/ (1IR +1/R)

You need to be good at fractions or skilled with your calculator!

On a calculator,to get R, , | press these keys .. 1/(1/R, +1/R,)=
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Voltage Divider
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R1 and R2 farm 3 Valtage Divider.

The voltage is divided in the ratio of the resistor values
(assuming the current is the same in both resistors).

Two or more resistors in series can be used to set a
required voltage at a point in a circuit. For example, this
could correspond to
« athreshold voltage at which an alarm should sound
o the voltage output required from a power supply
circuit
o the volume needed from a radio
o the speed at which a fan runs.
V=V R, IR, +R)
where Vs is the supply voltage

V, IR =V, IR,
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Potentiometer

(

A potentiometer (pot) is 3 variable resistor with an adjustable slider. You can
think of it as two resistors (one on each side of the slider). The diagram
above shows the commanest anangerent. There is another straight version
often called a fader. Both types are used as volume and tane controls. They
are notorious for being unreliable. Dirt gets into the moving parts and
cormosion causes problems. Digital pots are available. These don' suffe from
these mechanical problerns

When used for position sensing, potentiometers are classed as input
transducers.
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Thermistor Voltage Divider
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o Vout=
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