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Umt 1

{f;;(t A What Is Resistance?

We know that certain materials such as copper have many free electrons. Other materials
have fewer free electrons, and substances such as glass, rubber, mica have practically no free
electron movement therefore making them good insulators. Between the extremes of good
conductors such as silver and copper lay other conductors of reduced conducting ability, and they
“resist” the flow of electrons hence the term resistance. ''!

The specific resistance of a conductor is the number of ohms((}).

Some examples on that basis are silver =9. 75§}, copper = 10. 55€2, nickel =53. 0Q and
nichrome = 660().

From this information we can deduce that for a voltage applied to a piece of nichrome wire,
only around 10. 55/660 = 0. 016 of the amount of current will flow as opposed to the current
flowing in the same size copper wire.

The unit of resistance is ) and 1() is considered the resistance of round copper wire, 0.001

“diameter, 0.88” (22.35mm) long at 32°F (0°C).
1. Resistance in series and parallel

It follows if two such pieces of wire were connected end to end (in series) then the resistance
would be doubled, on the other hand if they were placed side by side (in parallel) then the
resistance would be halved !

This is a most important lesson about resistance. Resistors in series add together as R, +
R, + R, + ---While resistors in parallel reduce by 1/(1/R, +1/R, +1/R; +++-) .

Consider three resistors of 108}, 22Q), and 47() respectively. Added in series we get 10 +
22 +47 =79Q). While in parallel we would get 1/(1/10 +1/22 +1/47) =5.9974).

2. Resistance and Power

Next we need to consider the power handling capability of our resistors. Resistors which are
deliberately designed to handle and radiate large amounts of power are electric cooktops, ovens,

radiators, electric jugs and toasters. !>} These are all made to take advantage of power handling
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capabilities of certain materials.

From Ohm’s Law we leamnt that P =1 x I x R that is, power equals the current square times
the resistance. Consider our example above of the three resistors in series providing a total
resistance of 79€). If these resistors were placed across a 24V (voltages) power supply then the
amount of current flowing, from Ohm’s Law, is [ = V/R =24/79 =0.304A (amperes).

Using any of our power formulas we determine that 0. 304A flowing through our 79()
resistance dissipates a combined 7. 3W ( wattage) of power! Worse, because our resistors are of
unequal value the power distribution will be unequal with the greater dissipation in the largest
resistor. ©*!

It follows as a fundamental rule in using resistors in electronic circuits that the resistor must
be able to comfortably handle the power it will dissipate. A rule of thumb is to use a wattage
rating of at least twice the expected dissipation. Hl

Common resistors used in electronics today come in power ratings of 0. 25W, 0.5W, 1W and
5W. Other special types are available to order. Because of precision manufacturing processes it is
possible to obtain resistors in the lower wattage ratings which are quite close in tolerance of their
designated values. Typical of this type are the 0. 25W range which exhibit a tolerance of plus/
minus 2% of the value.

Resistors come in a range of values but the two most common are the E12 and E24 series.
The E12 series comes in twelve values for every decade. The E24 series comes in twenty four
values per decade.

El12 series - 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82

E24 series - 10, 11, 12, 13, 15, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 43, 47, 51,
56, 62, 68, 75, 82, 91.

You will notice with the E12 values that each succeeding value falls within the plus/minus
10% of the previous values. This stems from the real old days when resistances were stated as
within 20% tolerance ( accuracy). Later values of plus/minus 5% tolerance led to the E24 range
of resistance. Quite common today are 2% tolerance metal films types but for general purpose use
we tend to stick to E12 values of resistance in either 1% , 2% or 5% tolerance.

Cost is the determining factor and many retailers now stock the 2% range of resistance as a
standard to accommodate stocking levels and also at reasonably low cost.

As examples of say the “22” types from the E12 series we get 0.22, 2.2, 22, 220, 2 200,
22 000, 220 000 and 2 200 000 or eight decades of resistors.

In my opinion these ought to be referred to respectively as R22, 2R2, 22R, 220R, 2K2,
22K, 220K and 2M2. Here the R, K and M hold places where no decimal points are used to
cause confusion.

Consider if I meant to write (in the old fashioned way) 2. 2K in for a circuit value but forgot
to type in the “K” so you just had 2.2, would the Circuit work? No! How easy it is for you to
read decimal points above.

Isn’t 2K2 easier to see as meaning 2 200() as against 2. 2K? What if you didn’t see the
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decimal point in 2.2K? Couldn't it be taken as 22k() or 22 000Q2? Now you know why I prefer to
use 2K2 or 22K or 22R—no confusion.

3. Resistance color chart codes

Here in this large color chart is the resistance color code—learn the sequence forever.
BLACK, BROWN, RED, ORANGE, YELLOW, GREEN, BLUE, PURPLE, SILVER,

WHITE.

I have accommodated two current color banding of resistances—four band and five band

resistance color codes. It should be pretty self explanatory I hope.

~\\-
resistor
4 band code

—
Ist Digit

2nd I)igil—J 3rd i)igil

RESISTOR COLOR CHART

S ——

AAVs
resistor

47k 2%

Multiplier

5 band code

The five band code is more likely to be associated with the more precise 1% and 2% types.

Your “garden variety”

l

New Words and Phrases

resistance
copper
mica
insulator
conductor
resist
ohm
nickel
nichrome
voltage

series

[ri'zistans ]
['kope]
['maika]
['insjuleita]
[ kon'dakta]
[ri‘zist]
[aum]
['nikl]
['naikrum]]
[ 'vaultidz ]
['siari:z]

B

RN

3159 general purpose types will be four band resistance codes.

BH A7, BB, BHAL
ool

pay i

gk

Rk

267

BR

"

BEae

L, AR

. S, BER
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parallel ['peeralel] n. FATER , I
halve [ha:v] . %5, FR
cooktop ['kuktop] n. fPit
oven ['Avn] n. JEF
radiator ['reidieita) n. BUER, JK3E
jug [ d3ag] n. K
toaster ['tausta] n. KEp
capability [.keipa'biliti] n. 877, HEE,. AR
material [mo'tiorial] n. AHRL, R
ampere ['sempea] n. THr
formula ['farmjula] n. A, FN
dissipate ['disipeit] n. FEREK

ot Ao RYBL
distribution [ distri'bju:f an] n. SHE, 5K
dissipation [ disi'pei[ an] n. JHEL
wattage ['wotidz ] n. FLRREX
precision [ pri'sizan] n. KEH
stem [stem] n 2,
accuracy ['eekjurasi ] n. ¥k
confusion [ ken'fju:zen] n. 1B
accommodate [ a'kamadeit] ob. & vi. YN E- 3B
explanatory [ iks'pleenatari ] adj. AR, BBEHER
between---and Tf ...... 2z |‘§]
on the other hand H—HHE
take advantage of FH
close in .6, B
Notes

[ 1] Between the extremes of good conductors such as silver and copper lay other conductors
of reduced conducting ability, and they “resist” the flow of electrons hence the term resistance.

AARH and 5| M — 1T, FTEE—NETH, FIEL other conductors of reduced
conducting ability , {515 J& lay ,between the extremes of good conductors such as silver and copper
ZH S ARIE, such as FIREME good conductor,

[2] Resistors which are deliberately designed to handle and radiate large amounts of power
are electric cooktops, ovens, radiators, electric jugs and. toasters.

A 15 R Resistors, 515 M 4] which are deliberately designed to handle and radiate
large amounts of power #&4fi Resistors, ZEXE1EM A, to handle and radiate large amounts of
power B—A AR EREIE, M H HKPRIE , B 4551E are designed,

[3] Worse, because our resistors are of unequal value the power distribution will be



