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N5 Physics — Electricity and Properties of Matter Key Areas

Electrical Charge Carriers

[] i can state the two types of electric charge.

[] 1 can describe what happens when like and opposite charges are close together.
[] I can define electrical current in terms of charge and time.

[] 1can solve problems using Q =1t.

L] 1 can describe the difference between alternating and direct current.

[J 1 can identify a source as a.c. or d.c. from an oscilloscope trace.

Patential Difference (Voltage)

U 1can describe and explain what happens to a charged particie in an electric field.

L] 1can state what is meant by the potential difference (voltage} of a supply in terms of energy
and charge carriers.

Ohm's Law

[! 1 can usea voltage against current graph to calculate resistance,

{1 1can solve problems using V =1R.

Vi _f

Rz )
V. and — .
Ri+Rz) F V2 R

[ 1can solve problems using l/fgm(

L] 1 can state what happens to the resistance of a conductor as its temperature increases.

[J 1 can describe an experiment to verify Ohm’s Law.

Practical Electrical and Electronic Circuits

L] can draw the symbols for a voltmeter, an ammeter and an ohmmeter can connect them
correctly to measure voltage, current and resistance.

['] 1 can draw or complete a circuit diagram showing how a voltmeter and an ammeter should
be connected to calculate a particular resistance.

L] 1can recognise the symbol and state the function and application of the following standard
electrical and electronic components: cell, battery, lamp, switch, resistor, variable resistor,
voltmeter, ammeter, LED, motor, microphone, loudspeaker, photovoltaic cell, fuse, diode,
capacitor, thermistor, LDR, relay and transistor (npn and n-channel enhancement mode
MOSFET).




[J 1 can describe the operation of both types of transistor in transistor switching circuits.
] i can state the four circuit rules for voltage and current in series and parallel circuits.

[] 1 can solve problems using the four circuit rules.

[J 1 can solve problems using Rr=R; + R, +... and R1=R1+§-+... to find the total resistance of
T 1 2

series, parallel and mixed circuits.

U 1can predict the effect of adding an extra resistor in series or paralle! on the total resistance
of a circuit.

Electrical Power

L] 1 can define power in terms of energy and time.

. £
LI I can solve problems using P = .

L] 1can predict the effect of changing potential difference and/or resistance on the current in
and power dissipated in components in a circuit.

2
(] 1 can solve problems using P=/V, P=FR and P= %.

(] I can select an appropriate fuse value when given the power rating of an electrical appliance.

Gas Laws and the Kinetic Model

[} I can define pressure in terms of force and area.
D ) F
I can solve problems using p = S
[] 1can describe how the kinetic model accounts for the pressure of a gas.
[] tcan state the temperature of absolute zero in Kelvin and degrees Celsius.

(] can convert between Kelvin and degrees Celsius.

(] ican explain the pressure-volume, pressure-temperature and volume-temperature laws in
terms of the kinetic model.

LoV VY
[] 1 can solve problems using —lT-ml- = 272-
1 2

[ 1can describe an experiment to verify the pressure-volume law (Boyle’s Law).
L] 1can describe an experiment to verify the pressure-temperature law (Gay-Lussac’s Law).

[T tcan describe an experiment to verify the volume-temperature law {Charles’ Law).




Electric Charge

All matter is made from tiny particles called @\\‘C’MS . An atom has a finy
central core called the _AVCW LS | The nucleus is made from protons
which have a DOS.» W Wl charge and neutrons which have

N _ charge. Around the nucleus is a'cloud' of lpc oAY  which

have a __{} zég\qs& charge,

The_atom

T oledenns
feuons /%

T~ 9("0\’0/\ \

If an atom loses electrons the atom becomes OO s1h VL\ Y charged.

If an atom gains electrons the atom becomes NeamY e \\/ charged,
L

Each eleciron carries a tiny charge.

The symbol for charge is _ (.
Thg. unit for charge is _
odomb _or_ &

An electron’s charge is so small it is

difficult to measure. So we bundle 1 electron
billions of electrons together

ihto 1 coulomb of charge.

i ii{ L
h

1
h

1 coulomb cartoon
of charge Coulomb

Electric Current.

Current Esghe number of coulombs of charge which pass a point each
Selan . The symbol for current is
The unit of current is fi\Mi)i? .S or

In this diogram 3C of charge
pass through the bulb in 1s, ’ __
So the current is _ "3 P\ ® 9 "@Z

1 second




Current, Charge and time
quantity unit
Charge = current X time Charge | C
Q =TIt Current A
Time S

Example 1. The current in a wire is 2.5A, How much charge will
pass through the wire in 30s?

Q= [ Q:it
7 = 75A Q= 165730

Lo 305, Q- 15C

Electric Flelds

Just like there is a gravitational force field ground mass, There is an
electrical force 'p-iét\ A around __ (" (. €O 0{.“)\ particles.
The direction of an electric field is the direction a 2 __Jos v\l
particle would travel if placed in the field. ‘

Draw the field lines in these diagrams.

T

+ DN —

M | R | A

+ ? - gw\ A\
+ —— —

point +ve charge point -ve charge parallel plates

. jﬂf\g, C\w&ef \r\\_,({,,
4 . \oALs ; “r\htt. Q\’Vvﬂ L
Pl / - -

‘\i\ \"\ML Q\ &\ l\ :
two charges placed close to each other

-




Potentlal and Potential difference,

The amount of elegfqical energy a coulomb of charge has is defined by its voltage or
p AW T : The difference between the potential a coulomb has
at one point in a fleld and another is called the potential _o\ A LR,

or _\L for short,

Potential and potential difference are measured in VO\\KS or \/ ,

The following diagrams show charged parallel plate. The voltage or potential af
each plate s shown, For each parallel plate state the potential difference,

& 9 5y 30 -20V 60V
el N

pd = ?V pd = SV pd = g)OV

Voltage

Because one plate of a battery is always at OV the pd across the battery

is the same as its voltage of the opposite plate.

The voltage of a cell tells you the amount of _ 20N\ M  the cell gives or
transfers to each coulomb of charge, The coulombs carry the energy round
the clrcuit To the component, The voltage across the component is the amount
of _@NRNYN  each coulomb gives up at the componeqt,

The symbol for voltage is \/_., The unit of voltage is VO‘\& or _\

Thig 3V cell is connected to a bulb

The cell gives
@ 3V ®9 3 D of energy to
N7l ¥ Z each coulomb
# | . 4
x 'y 3@

At the component
each coulomb

g;'cves up DD ,@x @
of energy. J@

At point X the coulombs have OJ energy = OV of potential,
At point Y they have 37 of energy = 3V of potential,
The potential difference (pd) between two points = 3 V.

b

|




{a)

Direct current and alternaiing current

In a clrcuit with a de baftery e
the current is a constant size and dc batfery== D -
oo

i

travels in the _SGMG_ direction

from the negative side of battery
to the__os (aalside.

Sketch what you would see

o , on the oscllloscope trace
In a circuit with an alternating

supply the current gontin ally

changes size and dg sCL Ny L~

In British homes the current _ 9

changes direction in kettles and a.c supply ‘;‘; U [
TVs _fOQ_times each second. [

Mains frequency = S0 Hz

. P ‘
Maas \V\»\\/’lﬂ‘a{_ 1y 236NV C s u&‘u% - -5 LS\}.)‘
A car battery and a watch battery are AL‘ supplies

Mains electricity in your house is an _AC.. supply.

Electrical Components

Electrical circuits are made up of electrical components, Here are the
circuit symbols for various electrical components.

& —F— © —-""4 {”i — @ —

\wh M Cf-e,\\'.. S \Oc«\F\"UV \UM/DI l’)o\\a

/ H—T— gﬁ (—E—

(e) ; |
Vi o
S \\—e\,, Mesish o (:: Sl\t':\'gr Qu SR
(i) @ () _R (k) E
M \)\""G(' \D\.}"’L."LCA’ LUUA>\{/‘€,C\\(¢M ‘

7




Measuring Current.

Current is measured using an __CAIN MJZ\'?&L(’ . @

The ammeter measures the number of C‘-'M\O f~ L”.S passing a point
each second. The ammeter is placed in series in the circuit.

E——— CUTM\r i$ W(«L_\U!{A W) M‘*ff’M ‘. |A

Measuring Voltage Vo\\m»&_ % Masum_& e \io\R, \/ ,

Voltage is measured using a \IO\\‘W\L\C@(’ - @

A voltmeter is placed across a component,

!
|I
&
0

Resistance

All materials oppose the flow of current, This opposition to the flow
of current is called _ €5 1S eACL., The symbol for resistance
is _&;_. The unit of resistance is _OwWM S ___or

44 2A
——f ———]
R = 10a. This resistor is twice as difflcult for the

current to flow through so its R = 2& 4




Ag the resistance of a circuit increases the coulombs find it more
difficult to flow, so the current in the circuit A LA NS

I
R | |
I=12A @D = 6 A
"
(I L
R = 100 R =200,

by
Il
B)1=3 4

|

R =400

The higher the temperature of a component the C{\lt" fi’-ux\'-@r
the current passing through it.

its resistance so the lawe,r'

Current in_a _series cipeuit

In o series circuit there isonly _ONE path for the current to take.

The current at all points in a series circuit is the

SOMME - |

Voltage in a series cireuit.

The voltage across each
compornent in series adds up to
the SO {){J\ }f voltage.

A 1=2A

Vs= 10V

Vp= 4V

Vr=b vV




Current in o paraliel circuit,

In a parallel circuit there is more than _OAL __ path for the current to take.
The current in each branch adds up to the total current drawn from the supply

| In this circuit resistor A
has a smaller value than
.= 3 A @D (@ = 3A resistor B because
RA ‘ Moce. current
—1—(A) flows through the branch
I e G5,
L= oA it is in,
v _ ,
Rg P -
l-"’“j* Tl
=1 A |
V= 10V

Voltage in a parallel circuit,

The voltage across each
branch is the _SoML. .
and equal o the supply ]
voltage, It does not matter
the size of The resistance of

vy
each branch. The coulombs \Y/
have only one device to pass V= 10V
through before getting back fo ———
the battery so they dump all e
their energy at the device,
i
Y/
Ve= 1OV
Ex Look af this series clrcuit Look at this parallel circuit
Bv 10V
b | |
| ' LA
 2A —y A
Ay B
&9— x
2 &
Curvent at point X = 2 A Current at point X = __1 A
Voltage across resistor = H: v Voltage across bulb and resistor = \0 v

| O




Practical applications of geries circuits

Wiring circuits in series is simple and therefore cheap,

1 Christmas tree lights

et

The main problem with wiring anything in series is if one of the
compohents breaks there is gap in the circuit so none of the other
components will _Weye

2 Safety switches in devices

Some devices, for example electric saws or fawn mowers have two
switches which must be switched on vogether, This makes it less likely
that it would be switched on by aC )\ AL AL

el f\] O ey
" Py Bl we—n

//@

Practical_applications of parallel circuits

When we wire components in paralle! we can switch each branch on and -QEG—
independently. Each branch gets the same __ MO\ k‘"a/ﬂ-«

We wire the ceiling bulbs and plu We can wire switches in

points in our homes in PML i parallel so we can choose how
230V we switch devices on and off.
VAR

® el (l:ll?u bulb
R -
— “‘""‘®— ® 52

® «t— kitchen bulb i

on

- ——®_ The bulb will light {f
_/__®__, switch 1 OV 2 is closed




Ohm's Law

Ohm's law describes the relationship between the current through a
component and the __\o S ba %.‘Z across the component,

By using a variable voltage supply we ,l/fﬂ
increase the voltage across the resistor,

We use the ammeter to measure the
corce At through the resistor
and a __ Vol Yo to
measure the voltage across the resistor - E
A

V)

A graph of current vs voltage looks like this.

Current 0.4 A

(A) 0.3
0.2
0.1

.
0 > 4 6 B Voltage (V)

A mph showing a straight line passing through the origin means that current is
Aioe €\ proportional to the voltage.

ie if you double the voltage you double the Lurffj\\:’f“ :

If you divide a voltage by its corresponding current we get a constant value.

2 = 710 4 = 10 L_= 710
0.1 0.2 0.3
Voltage a constant value which we call the

Current component's __ (e SAEGYOALL

L = R quantity unit
I v/ Voltage A%
TR current | A
or V=TIR Resistance | {1

NB  Not all components obey Ohm's law and if the temperature of a resistor
increases its resistance actually _ANCECOSES

I 2




Exomple The voltage across this resistor and current through it are shown.

Calculate the resistance of the resistor.,

}g V =12V
gma T o= Fmf =8x07 A
R
R= V.
QO T
12V Q,:_ \_
AN
(4 = 1s0a/

Resistors in_a series circuit,

In a series circuit the total resistance, R, is the sum of the individual resistors:

: f o
_ }} |
L J Rt = Rq+ R'Z.. = ‘ .
1
R R»

—

Ry

Because RT is the equivalent resistance then the current in each circuit
is the 5'. G A

Ex  Here is a geries circuit containing 3 resistors,
| | 20
|| =
| |
205, 60.r 40. RT

(@)  What is the total resistance of this circuit Ry? V7ol
Rz Raxr @y 4@y D Rz 20760540 => (Ev= -ulc—)—-“"
(b)  If the current inthe 2nd circuit is 2A. What
{s the current in the first circuit? 2. A

17




Example

Resistors in a parallel circult

The total resistance of a paralle! circuit is found using the formula

R1
"

Ra

I

RT Ry Rz =
| |
| S |
Rt

Note that the total resistance is always _SM m\\@ { ___than the resistance
of any of the individual branches,

Calculate.

d=
T=

| &

(a)
(b)

ke

——

—

\ \ /3.y
el \l0
Lo bO

— S A 00 1 bbbtOET 6—{@\

Q,Hﬂf

A parallel circuit is sef up a shown,

the total resistance of The circuit,
the total current drawn from the
battery.

R W I

(a TN

Z
o
-

O«OL{\beLC)r'l

| _.B_E")
T aeseh T s

=

’M

N
K7
=1

L

4




Energy

When electricity flows through a component some electrical energy is
changed or transferred into another form of _€N 6/51 v

A bulb changes electrical energy info , i jlfi'l' 1 Aé"’“+ energy
An electric heater changes elecirical energy into heat energy.
A loudspeaker changes electrical energy info __ 30« ad energy.

The symbol for energy is E._ and the units are Tounles or _J .

Power
The power of an electrical component tells us how much electrical 4/(
enecay it transfers or changes into another form each 5S¢0

The symbBolfor power is_F__and the unit is _Wertls op W/
A 12W bulb changes 12J of electrical energy
into 12 T of i 5{)’1 t and £ energy each second,

Energy quantity unit
Power z —
time power | Wet
pe E Energy | Tpule
T Time S@eon J

Example A kettle is rated at 2000W, How much electrical energy does it
" convert or transfer in 3mins.

= P{; BM;,‘ML}: g“ﬂdag

E = 180
E- 20005 |80 = eV
Ex 3:bx10" T

P&\,wz;" + Fd e .

hoghnrs vt o piver Loss Vs To 0w wimabdy
Ve o S (%sx;.”?bow O Tl \)Su‘c\}\kb‘t)%
i~ \3 P\ g.?&&,.-, :

Y




Linking power to current and voltage.

Power = Current x Yoltage

P=1V

quantity unit

Power Wntd
Voltage - Vo b
Current  |Ampere

Example A hair dryer has a power rating of 1.2kW. If it is plugged into
the mains the voltage is 230V, Calculate the current flowing through

the hair dryer

|G

[ 2k = 1 200W




Two more useful power eguations

By combing the equations P = IVand V = L & we can creale two more
useful equations.

quantity uniy
Pz I2R P Power \Wo L
T K Current Ampmz

Resistance |(Oh m

quantity unit

Power Wi
Voltage Velb
Resistance |Ohwm

Many devices use energy very quickly so they have very high power ratings.
If the power rating is in kW - remember to change k to x 103,

Example An electric drill with a resistance of 24.x. is plugged into the mains,
(V = 230V ) What is the power of the drill?
\/ 2.
Po
({ €L
p- L20_
o sr——
24
p= 22042 W
Example A heater has a power rating of 4.8kW. If the resistance of the heater

is 110 calculate the current flowing through the heater,

()':_ Ifz_ﬂ Ll“‘ gk = Q»QOO\J

4go0= Tl

o 22 (363

T-Joz30 = 200 9A

)7




Enerqgy Trensformations

Energy is a master of disguise, It can take many forms. Here are some forms

of energy:

Light energy

Comes from the sun or electric bulbs or candles efc.

Heat energy

Comes from the sun, burning fuel. All object give of f some.

Sound energy

Created when particles vibrate against one another,

Chemical energy

Energy stored in fuel Ii}je c_e [

, p e,-L‘fﬂ'
and human fuel - O @ .

Electrical energy

Energy that flows through electrical << bles

Kinetic energy

Energy found in objects which are __Movi A J"?

Gravitational

Ehergy gained by objects which have risen in h.¢ {7} hi
potential energy

Mechanical
potential energy

J—w}_ or

Energy stored in wound up ¢ } och h/o/é. 2
stretched elastic b_ainsts or S ’ﬂr 3/‘:”75

Nuclear energy

Energy found in the nucleus of _¢tT2m 5

One of the most important laws in physics is the 18t law of thermodynamics:

Energy cannet be made or (/lc.' 9-L’0vi 'f-"tﬁ’f

but it can be
from e form to another,

Araa .97#0/' e

When energy is transferred from one system to another __ WO ¥ A has

been done,

Revision : Here are two formula that let you caleulate an amount of energy:

Kinetic energy

Gravitational potential energy

Ek = ém V?"'

Epzlmﬂ}/\

I8




State the main energy transfers in these examples. Ignore energy losses in
these examples

A.  Ball being dropped
c

Grov) L‘/ WW’ 0071'5*1 !‘W < Al l—T e energy

B Light Bulb JQ

E /cf L wa ) cm-( S , j 7i L?I' -.eme.-fj7

c Loudspeaker

)
& [o¢ y/'r i € I M S n /"J {34"6”7;7

b Water running down a mountain

£

&vf&’ﬁ v l'f L*’l‘)'oi’htv’ ‘ ’ﬂ(y Jp/lm;tvﬁ—k !< jnts ) T

E Burning_a_lump of Coal 2 E

—

Cl\emi c;w( lﬂw’[fﬂ’[iﬂ, //]ZVU‘/" + )sz]h ’ t.’m?}

1 9




F Solar Cells

vy

— F [eg,-jv :‘azx/[ £n Erdfy
S

6. A wind up toy

KA &--LV' ¢

T Sge

—> poderbia] v kinckic

In the moving fingers of
person turning key,

stored in coil

when car is tet go

Revision

When we heat an object we can calculate the amount of heat energy we are

transferring Yo to the object using

Eh=mcAT

Hydroelectric Power Statiohs

In a hydroelectric power station the water
high up in the reservoir in the mountains has
gravitational f’o N }1 o energy.
When it folls down thirough the pipes It gains
Kine }’ T¢-_energy. The generator at the
bottom of, the hill Turns this kinetic energy
info & ,{. ' i Ly

At night the generator is put inr €vt/5€

energy. The water is
collected in a reservoir at the bottom of the hill.

m = mass
¢ = gpecific heat capacity
A\T= change in temperature

glov \M\'\‘u}pofenfiai energy

ey generator
RO R R ?
e\gc € ¢ A energy

and uses cheap electricity to pump the

water back up to The top reservoir in preparation for the demand the next day.

20




Useful and Waste Energy.

When energy is transferred, not all the starting energy is transferred to the
fortm you want. Some of the energy is transferred to waste forms of energy.

For example you put 1000J of chemical energy into your car in the form of
petrol, Tt would be great if your car could change all this 10007 of chemical
energy into 1000F of: kinetic energy. ( No lost energy)
During the journey you may only transfer 400J of this 1000J into kinetic
energy, which is the useful output energy you want, A force called

F' vrigriony  will transfer the other 6007 of chemical energy
into heat and sound.

We call these, waste forms of energy. The output energy is made up from
useful forms and waste forms.

Input energy Qutput energy
10004 Bk E
h
! a “""*’: /
> Es
Useful energy Wasted energy

10007 Chemical —B 4007 of _Kin @'71“"0 energy -t 5007 of heat

180 T of sound

A filament bulb is very wasteful,

Input energy OQutput energy

107 of light

100J
electrical
energy

e 90T of heat

Useful energy Wasted ehergy
1007 Electrical —¥ 10J of L’f/%/’ ot 10 3 of heat

2.1




An LED bulb is much less wasteful.

Input energy QOutput energy
]\ 80J of light

100J of \ / I

glectrical K}

energy e 207 of heat

Useful energy Wasted energy
— ~ -
~
100J Electrical —¥ 807 of Li ﬁf L‘+ wj} 20T of heat

In many energy transfers the force of friction is responsible for transferring
a lot of the useful input energy into <o energy.

22




Example A 0.2kg ball, starting af rest, rolls down the following slope.
At the bottom of the slope the speed of The ball is 3ms-1,

(@)  Calculate the gravitational potential energy it loses as it roils
down the slope. ( ie how much grav pot energy does it have at top

(b) Calculate the kinetic energy at the bottom of the slope.

(c)  How much energy has been wasted as it rolls down the slope?

(d)  Which force has been acting to transfer this energy?

(e) If the length of the slope is 2m calculate the size of the
frictional force acting on the ball,

80cm
3ms-!

O“"’

WWL\ Soepa = O Em

. O Lx93x 0%
(1T

b) Fre s %jm\/?“
Fe- 5(02)x 3%

a) E/

Eez 0 4]
E) Erungy lost= 1:6- 01 = 2L 77

(/D Fri c»‘(:“i 2N
é’> Ew - Fi
F- 'Ezi‘"

07

fer ™

L3




Example A 200W heater is switched on for 30mins and supplies heat energy fo
a beaker containing 4kg of water, The water's temperature rises from

200C to 35°C,

( Cwqfep = 4180Jkg- 106"1 )

(@)  How much electrical energy was used by the heater?
(b)  How much heat energy is absorbed by the water?

(¢)  How much energy has been wasted?

) ps Pl
F. QOOMZJ)D
Ez Bbxlo” . J

—_____'__-_._m-—'

b) F,-C™ AT

Lap

£ - GIg0x 4 3
Ey

1

1

150900 J

) 340000 ~ 29‘0800
/D”/ 2,00

csan Fimkiio

—
R g

2. ¢

Y minwmks + 30X 605
= | §0s

ATz 35?(/“ 20°C
-5




Electronic systems

All complicated electronic devices can be reduced down to an input device,
a process device and an output device.

The input_devige starts the system, It usually picks up some external sighal
and converts it Info an €1 edvic o signal.

The process device changes the electrical signal coming from the input

device in some way. For example an amplifier makes a signal _S

oNES
v

The output device changes the altered electrical signal from the process

device into a useful signal.

Example A calculator

Input device

|

afsfufnin:
afzfagaln
aooor
ooooo
[xYs)uin}a]

Process Device

Output device

switch

microprocessor

——=LED screen

Input devices.

Device Circuit symboal

Energy tronsfer or function

Microphone

50mnA

to electrical energy

Thermocouple

)"1 {m"{'

to electrical energy

Photovoltaic cell

’M"ﬁ‘

to electrical energy

resm‘or whose resistance

Thermistor iik'" decreases as the temperature
rises,
LDR 44 A resistor whose resistance
(light dependent --E:j——w ACe reas<€ 5 as the light level
resistor) rises.
Capacitor Stores electrical _C. Am.fﬁf '
and can be used to produce a time

ole oy
yi




Qutput devices

Device Circuit symbol Energy transfer or function
-—@- E /chﬂ'C-m"| to /r’:ql'tf
Bulb " /
[gi . E /-é?c: L"»CW'( o /f‘@ Z”/"
LED 4
C ) E If’ajffc:cw'{ to ki‘/lé'”llfh(.a
Mator
s E ‘C'( 'L"lﬁ s r—’t/ T0 SO M/!J/‘F
Loudspeaker
Allows current to flow only in_0O7€
Diode ' direction.
I An eleciromagnet and switch which allow
Relay N dangerous high voltage circuits to be
[/ switched on s aLe o

Yoltage Divider

A voltage divider is a voltage supply in series with twe or more

resi 9o rs

. The voltage divider takes alarge supply
voltage and divides into s €'Iﬂ¢>l rote

voltages.

In this circuit a 12V supply is to be divided across two resistors, If the
resistors have the same value then the voltage across each resistor = &V,

If the resistors are different values we can use the voltage divider formula.

Ry

R,

:

:
:

Vp_

R
! X
R, + Rq»'

i = Ve

V) e
L &\Qo 4\11, gl .,%L—v
V. 2|,

If you know the voltage across resistor § then the voltage across

resistor 2,,\,, is found as follows

26

V-‘a_?: Vg -_.VI_.




Example Calculate the voltage across resistors X and Y in this circuit.

1 Yoy, = L Vs
Ry = 500.0. Ry Ry
Vs=8V — ® __QQ_D__M x 3
L Ry = 200 500 + 200
X = 20Un. ‘
T V\ = 5'7' V \’\ :S’l\\/,
\K \/5 =3 \/, “+ \/rL
§ =57V,
V2. e 8 _'-“5 i—'[’
= 2029V Nx= 224/
LED ( Light Emitting Diode) A4
An LED will only work when the triangle side is connected I; l
to the ___ DOSIIVE side of your battery, -
An LED is a sensitive device so a__ €SIS0 —1
is placed in series with it to limit the current and prevent 7p
it being damaged.

Example. A 1.8V/12mA LED is to be placed in a circuit with a 5V supply.
Calculate the size of resistor required for the LED fo work at its
given rating,

\/5 = \/LE,D T Vil
5= 19tV
[LJ . ‘i; . R
. - . Y
Vg=BY — Ve
] =3V
,,;,SZ 1.8V/12mA
Q- %
1
= 34
3
PR EY
= ?[;7 X+3
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Transistors

A transistor ig an electronic s ih’,h . It is designed to
come on when a certain \f()ll‘“cufjt ¢ is applied across it.
We will look at two types of transistors,
NN
¢ b-—\au\u [D e
b ¢ - colle dor [ - Orwy\
@ - em Wer G q ' S—Sourad
e s
This is an npn lincmslg_‘"of This is a MOSFET _( metal oxide
semiconductor ipld]
O j V e G\ \\fL O effect transistor) AV M—L =

Control circuits,

We use transistors in control circuits, A control circuit is just an electronic
circuit. It looks complicated but it is quite easy to understand,

This is the bit that gets
ﬂ switched on. It's the

output d EY1CL,

/ .

<\
Supply E——

v g!\‘g.gj e.. | I
N
Rg Vg The fransistor is the

|
I

N\

process dEVMWE
It switches on when Vp

rises above 0‘7 V

The LDR is the

input d@UICC.
The resistors A an B act as a voltage divider dividing up the SU pp\}\{ voltage

Because the resistor B is an LDR then its resistance can change as the
lialh = level changes. Therefore the output \Xplfage Vg could change.
La ‘ﬁwk, st e, R waeneins ey 2w h,oyc_ Vb iacadese s
When the voltage Vi across the bottom resistor gets above V' / VY

the __Lains l% for switches on,

When the transistor is on it now lets current flow up through the
L_ED and it lights up.

7%




Example Explain how the following cireuit can switch on the motor of a central
heating systet when the temperature falls below a certain level,

The mosfet switches on when Vyy is equal to or greater than {3V

. ()

I__
e——s
I

Vxy

Y
As the femperature decreases the resistance of the thermistor
INCLEASES . Therefore the voltage Vxy _INCIEASES
When Vxy reaches _‘f @__\/_ the transistor switches _ON _ and current
flows through the [E}OYQF and it starts spinning.

If you want the motor to come on when the temperature increases then

swap round R4 and Rin
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Pressure,

The pressure acting on a surface is defined as the ’FTJ( e,
acting on L™ of surface area.

quantity uhit
Pressure = force exerted Srosmire PGL
surface area
Force N
2
p= _f,. Areg m
A
Example The following box of mass 20kg sits on the floor.
(@)  What is the force the box exerts on the floor? fm
{ Hint - what is its weight?)
(b)  What is area over which the force acts? 3m
{¢)  Calculate the pressure the box exerts on the floor? 2m
W= mg Gy A= Acb © P=-5
= 20x 98 =153 = 19
2.
196 N = [m &

Describing a Gas,

far apart, The particles are in continuous
random motion in all directions,

A gas is made from particles which are 'W'/l)’

Pressure of a gas. (Pascals Pa)

When these randomly moving particles
hit a surface they exert a f;Qr(g ,
S0 gas pressure is the total force ?he
particles exert over an area of _lm™
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Volume of a Gas__ (m3_or_cm?)

The volume of a gas is the s PO CE,

taken up by the gas. The volume of a gas
can be taken as the volume of the container
it is In.

Temperature of a gas _{ °C) or (K)

The temperature of a gas is a measure
of how £45C the particles in
the gas are moving.

Pressure and Volume. (Boyle's Law)

This apparatus is used to find the relationship between

the volume of a gas and its pressure,

pressure

air gensor

oil

The results allow the following graphs to be preduced.

P ot P

.
*

small
volume

NG G

-3

cold gad

Big
volume

.,...—--'-‘3"

e

hot gas

A pump is used to apply a
force to the oil, The oil in
turn applies a force to the
air and the air squashes or

compresses,

The volume of the air and its
pregsure are noted at
intervals

EY




Example

PV =k

PiVi = PaVe

Boyle's Law

For a fixed __YJ055 __ of gas at a constant temperature the
pressure is ___ NV e SCZL\}/ proportional to its volume,

Explanation using Kinetic Theory,

As the volume of the container decreases the surface area the
particles are hitting also __(JeC(EASES

The particles hit the walls more of ten so The total force exerted
NC(CASES . P=F/A soas Force INC/BASES  and areq
derreases the pressure  __1NCMASCS

A gas container of volume Bm@ containg a gas at a pressure 120kPa.
What is the new pressure of the gas if the volume of the container is

decreased to 2m?2 ?

Pv

11010 ’ X - p;t » Q‘"
P = |20x10 x5
9.

3

SN’

>
&
-
&
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Pressure and Temperature (Pressure baw)

This apparatus is used to find the relationship between
the temperature of a gas and ifs pressure.

Thermometer The water is heated. The heat is

N __pressure transferred evenly to the Q1T
M\Q sensor in the flask. As the air is heated
I the temperature and pressure of
the gas are noted.

— water
. The results allow the following
air graphs to be produced.
P P

v

0oC Too  x 0oC T(oc) OK TK)

The value X is "'2-}3 o¢, This temperature is called absolute zero , It s the
temperature at which the pressure of a gas is Z&(D __, This means that the
particles have lost all their Kinelic. energy and therefore

have stopped N\ OV lanj . You cannot cool a substance below =413 ec

Lord Kelvin then created a new temperature scale based upon zero being

-2739¢ ‘/4 change oL 4°C
273°C. He called this temperature OKelvin or OK. s cgnad Do a fAum?‘e 1K

Converting °CtoK add 273 le 30° = 30+273: __303 ¥

Converting K to °C subtract 273 ie 400K = 400-273 = _I AT °c

Lord Kelvin noticed that if you made -2739C zero temperature then the
graph of pressure vs tfemperature ( measured in Kelvin) is a siraights
line going Through the @] HS! a) . This means that

P o< T (in Kelvin)
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P =KkT (k= constant)

|

The Pressure Law,

For a fixed mass of gas at a constant volume the pressure is
direcily proportional to its temperature measured in

units called | Kelvin

Explanation using Kinetic Theory,

As the temperature of the gas increases the particles gain more

Kinelic energy and move about faster,
g
.? PR & ‘/A,
$ " d ‘l L?

Therefore the particles hit the walls of the container }’\(M" C_[E’f
and more OHﬁil’\ . Both factors increase the {3() ree.

exerted on the walls, As P = F/A, so If Force increases therefore the
pressure also _ NCredses

Example. The pressure and temperature of a gas in a container is

- 108kPa and 20°C, The gas s then heated up to a
temperature of 200°C, Calculate the new pressure of the gas.

v - A8
T = ADC N QDQ C
= A3 K =73 K
T | 5
108x10° = B
L4947 Y73 |
P = “?3)(103}% 73
> a3y
= T x10° Pa
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Volume and Temperatupe (Charles' Law)

This apparatus is used to find the relationship between
the temperature of a gas and its volume.

movable The air is in a thin tube capped
f bead of with a mercury bead,
/ mercury The water is heated and the heat
water — | | e’ is transferred evenly o the
_QiC __, The bead of mercury is
ey free to move upwards if the
1
thermometer \\ air in force on It increases,
thin tube As the air is heated its
* temperature and volume are
heat hoted,
The results allow the following
graphs to be produced
v - Vv Y,
00C T(%C) X 0eC T (OC) TR
X="L13 oc

Vol T  (KELvIN)

V= kT
Yok
T
Vi - Ve
T1 T2
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Charles' Law

For a fixed __ IS5 of gas at a constant __PIESSUIT
the volume fs ___direcl |\’! ____proportional Yo its
femperature measured in____KKe V1N

Explanation using Kinetic Theory,

As the temperature increases the particles gain more kl F\(?h('.
energy and hit the mercury bead harder and more often, This causes the
bead to move up and the velume __JNCIEACE . Now because the
volume increases the particles hit the walls __1€5S___ often so the
pressure reduces back to its original value,

Example The volume of gas in a syringe with a tmovable piston is 12¢cm3
at a temperature of 25°C, The gas is heated to a temperature
of 759C. Calculate its new volume.

T = 2«50(: 'Tgf 750C,
=098K =3h9 K

.._\é- ol \/9""
1y T
L Ve
98 T 349
V% z ,?\X3L}g
299
- “~I~CW13

EX¢




Combined Gas _equation

In most real life situations all three quantities change at the same time.
We can combine the 3 gas laws to create a General gas law.

Pivi _ PaVe

]
—

T Te

Example A gas occupies a volume of 40| at a temperature of 40°C and
a pressure of 120kPa, If the temperature rises to 150°C and
the pressure rises to 230kPa calculate the new volume of the gas,

@) - - B
Ti:g.(f)c T ;50(_.
= 312 K = 423K
P; V, o ) (),‘2“ \/?—
T T2
5 . LRV,
120x 10° 4D = 230 %10 x ¥z
3173 4-273 |
\/:L — }Q_ON‘!D;X[PD _w_fi_:lg
313 230 x10°

= A% 2L

57




