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Sl Units

e Everytime a quantity is measured or calculate, itmust be quoted with its units
¢ Allunitsin Physics can bereducedto seven base units from which every otherunit can be
derived
o Theseotherquantities are called derived units
e These seven units (of which you needto know six) are referred to as the SI Base Units
o Thisis the only system of measurement thatis officially usedin almost every country

aroundtheworld
SIBase Quantities Table

QUANTITY SI BASE UNIT SYMBOL
MASS KILOGRAM kg
LENGTH METRE m
TIME SECOND ]
CURRENT AMPERE
TEMPERATURE KELVIMN K
AMOUNT OF SUBSTANCE MOLE mol

Derived Units

¢ Derivedunits are derived from the S| Base units mathematically
¢ Thebaseunits of physical quantities can be deduced, such as:
o Newtons,N
o Joules,J
o Pascals,Pa

¢ Todeducethebaseunits,itis necessary to use the definition of the quantity
The Newton (N), the unit of force, is defined by the equation:

o Force=mass x acceleration

o N=kgxmsZ2=kgms2

o Therefore, the Newton (N) in Sl base units is kgms~2

The Joule (J), the unit of energy, is defined by the equation:
o Energy =" x mass x velocity?
o J=kgx(msT)2=kgm?s~?

o Therefore, the Joule (J)in Sl base units is kgm?s=2



e ThePascal(Pa), the unit of pressure, is defined by the equation:
o Pressure=force+area
o Pa=N+m?=(kgms?)+m?=kgm's2

o Therefore, the Pascal (Pa) in Sl base units is kgm™'s~2

(’) Exam Tip
¥ Youwil only berequiredto use the first five but be aware of six Sl base units in this
course, so make sure you know them!



Practical Skills
Using Equipment
e Goodpracticalskills involves choosing the right equipment

¢ Knowinghow touseitfora physics experimentis crucial
¢ Whenusingmeasuringinstruments, itis important to be aware of what each divisionon a

scalerepresents

o Thisis known as theresolution

¢ Alistof common apparatusis shown below:

Typical
Apparatus Purpose Resolution
Metre Value To measure the Length of an object of moderate length T mm
Venier Calipers To measure short Lengths 0.05 mm
Micrometer To measure small values of width, thickness, or
) 0.007 mm

Screw Gauge diameter
Top-pan Balance | To measure the mass of an object 0.01g
Protractor To measure angles 1@
Stopwatch To measure periods of time 0.01s
Thermometer To measure the temperature of a body 1=C
Voltmeter To measure the potential difference across a 1 mV_0.1V

component
Ammeter To measure the electric current flowing through a 1 mA-0.1A

component
Oscilloscope To display waves and measure their frequencies 1Hz
Laser To provide a monochromatic source of Light 450 - 650 nm
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Aselection of apparatus commonly usedin physics experiments

Types of Display

e Scientificinstruments can be digital oranalogue

Analogue

¢ Analogue scientificinstruments transferinformation through electric pulses of varying

amplitude

o This means they cannot be read easily by a computer



¢ Analogueinstruments are cheaperbut they have loweraccuracy andresolution
¢ They are alsomore sensitive, which can make it difficult toread fluctuating values
o Ananalogue display normally involves a pointer which indicates a value depending on
its position orangle on the scale

Analogue meter

e Themeasurements taken on this analogue ammeterarerestrictedoverarangee.g.0-10 A
andaresolutionof TA
¢ Analogue meters are subject to zero errors
o This means the marker must be double-checked before each reading. Ifitis notat zero,
then the value but be subtracted from allthe measurements

They are also subject to parallax error
o Always readthe meterfrom a position directly perpendicularto the scale

¢ Apotentiometeris an example of a sensitive analogue meter
Digital

¢ Digital scientificinstruments translate information into binary (O or1) format which can then
bereadandanalysedbyacomputer

e They are more expensive but have greateraccuracy andresolution than analogue
instruments

¢ Digital displays show the measuredvalues as digits

e They're easytousebecausethey give a specific value and are capable of displaying more
precisevalues



0.17

Digital meter

e Themeasurements taken on this digitalammeterhave a much widerrange and a resolution
of 0.0TA
¢ Digitalmeters are also subject to zero error
o Make surethereadingis zero before starting an experiment, or subtract the “zero”
value from the endresults

Most digital meters have an auto-range function, this means it can show very low orvery
high values depending on the readings
o This saves time selecting aninstrument with the correctrange and precision foryour
experiment

Adigital multi-meteris an example of a digital meter

Reading Distances

¢ Readingdistances using calipers or micrometers will be expected for the practical
examination

Micrometer Screw Gauge

¢ Amicrometer, ora micrometer screw gauge, is a tool used formeasuring small widths,
thicknesses ordiameters
o Forexample, the diameter of a copperwire

¢ |thasaresolution of 0.01mm

e Themicrometeris made up of two scales:
o Themainscale -thisis onthe sleeve (sometimes called the barrel)
o Thethimble scale - thisis arotating scale on the thimble
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Components of a micrometer

¢ Byrotatingtherachet, the spindle and anvil are clamped around the object being
measured
o This shouldbe tight enough so the object does not fallout but not so tight thatis
deformed
o Nevertighten the spindle using the barrel, only using the ratchet. This will reduce the
chances of overtightening and zero errors

e Thevalue measured from the micrometeris read where the thimble scale aligns with the
main scale
o This should always berecordedto 2 decimalplaces (eg.1.40 mmnotjust1.4 mm)



THERE ARE 5 DIVISIONS SO THE
MAIN SCALE READING TO THE
NEAREST 0.5 mm IS 2.5 mm

READ THE MAIN SCALE FIRST
EACH DIVISION REPRESENTS 0.5 mm

NEXT READ THE THIMBLE SCALE
EACH DIVISION REPRESENTS 0.01mm

READ THE NUMBER THAT ALIGNS
WITH THE MAIN SCALE AND

MULTIPLY BY 0.01mm.

IN THIS CASE IT IS 17x0.01= 047 mm

FINALLY, ADD THE MAIN SCALE AND THE THIMBLE
READING TOGETHER TO GET THE FINAL MEASUREMENT

25+ 017 = 2.67 mm

The micrometer reading is read when the thimble scale aligns with the main scale

Vernier Calipers

Vernier calipers are another distance measuringtool that uses a sliding vernier scale
o Theycanalsobeusedtomeasure diameters and thicknesses, just like the micrometer
o However, they can also measure the length of small objects such as a screw orthe
depth of ahole

Vernier calipers generally have a resolution of 0.1 mm, however,some are as smallas 0.02
mm-0.05mm
The calipers are made up of two scales:

o Themainscale

o Thevernierscale

The two upper orlowerjaws are clamped around the object
o Thesliding vernier scale will follow this and can be heldin place using the locking screw
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Components of a vernier caliper

e Thevaluereadfromthe caliperwhen the vernierscale aligns with the main scale
o This shouldalways berecordedto atleast1decimalplace(eg.12.1mmnotjust12 mm)
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The vernier caliper reading is read when the vernier scale aligns with the main scale

¢ Ingeneral, the micrometerhas a smallermeasuringrange than a vernier caliper

e However, the micrometerhas a betteraccuracy (due to betterresolution)

e Theverniercaliperis quickerto use, whilst the micrometerinvolves rotating the thimble
o Therefore, to take many measurements, a caliper would be easierto use

Signal Generators & Oscilloscopes

e Signalgenerators and oscilloscopes are commonly usedin practicals to visualise waves
Signal Generator

¢ Asignal generatoris an electronic testinstrument used to create repeatingornon-
repeating waveforms
o They canbe adjustedfor different shapes and amplitudes

¢ These are often usedfordesigning andrepairing electronic devices, to check they are
working as expected



¢ Signalgenerators are usedto create signals to then show on oscilloscopes
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Asignal generator canbe usedto create signals fora CRO

Cathode-Ray Oscilloscope

e ACathode-Ray Oscilloscope (CRO) s a laboratory instrument used to display, measure

and analyse waveforms of electrical circuits

o |tcanthereforebeusedasana.candd.cvoltmeter
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A cathode-ray oscilloscope displays the signal generated by the signal generator



e Ad.cvoltageonanoscilloscopeis represented as a horizontal line at therelevant voltage
¢ Thex-axisis the time andthey-axis is the voltage (ory-gain)
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TIME BASE = 5ms div™*

Diagram of Cathode-Ray Oscilloscope display showing wavelength and time-base setting

¢ Theperiod of the wave can be determined from the time-base
o This is how many seconds each division represents measured commonlyins div=' or
scm”

C.R.O Controls foran A.C waveform

e Time-base
o Whenthetime-baseis switched off, only a vertical line on the voltage-gain axis is
seenwithits relevant amplitude
o Whenthetime-baseis switched on, a wave willappearacross the whole screen and
the time period can be measured
o This control has units of time cm™' ortime div-'and has arange of 100 ms - 1us percm,
ordivision

¢ \oltage-gain (sensitivity)

o This controls the vertical deflection, oramplitude, of the wave

o The peak voltage (Vo) is the maximum vertical displacement measured from the time
axis

o Thepeak-to-peakvoltageis the vertical displacement between the minimum and
maximum values of voltage

o Whenthevoltage-gainis switched off, only a horizontal line on the time axis will be
seen

o This control has units of volts cm™' orvolts div"

C.R.O Controls foraD.Cwaveform

e Forad.cwaveform, only a horizontallineis displayed at the relevantvoltage
o Thetime-base settings areirrelevant since thereis no time period



o Thevoltage-gain settingis relevant since thisis usedtoread thevalue of thed.c
voltage



EXAMPLE:
A SINUSOIDAL ALTERNATING VOLTAGE SIGNAL

VOLTAGE 7/ V

\

\'lME /s

ﬁ 1 THE WIDTH OF EACH
SQUARE REPRESENTS
1 ms AND THE HEIGHT 2V

OSCILLOSCOPE SETTINGS:
Y—-GAIN = 2V PER DIVISION,
TIME BASE =1ms PER DIVISION

A SINUSOIDAL ALTERNATING VOLTAGE WITH
THE TIME BASE TURNED OFF

VOLTAGE 7V

| | |
THE HEIGHT OF EACH
SQUARE REPRESENTS 2V

TIME /s

OSCILLOSCOPE SETTINGS:
Y—-GAIN = 2V PER DIVISION,
TIME BASE TURNED OFF

A DIRECT CURRENT SUPPLY

VOLTAGE / V/h



OSCILLOSCOPE SETTINGS:
Y-GAIN = 2V PER DIVISION,
TIME BASE =1ms PER DIVISION

Examples of an alternating and direct voltage on a CRO with and without the time base

Timing
e Astopwatch orlight gates are common physics instruments used formeasuring time
o Forexample, the time taken for a ballto fall a certain distance

100m OR MORE =

Astopwatchis used to measure the timeinterval between the clap and when the sound
is heard

o Thedisadvantage of keeping time manually using a stopwatch is there willbe a large
errorinthereading
o Thisis causedby:
= Humanreaction time (on average, about 0.25s)
= The mechanism of the stopwatch (older stopwatches may have a slight delay)
Accidentally pressing the start or stop button too many times
= Consistently startingthe stopwatch toolate ortoo early

o Therefore, repeatreadings are very important for experiments that require timekeeping



Light Gate

¢ Alightgateis a digital switch-type sensoralso usedin time experiments
o They consist of aninfrared transmitterand receiver between the 'gate’
o When this signalis obstructed by an object, a timercan eitherbe started or stopped
depending onits configuration

¢ |fthedistance between twolight gatesis known, the timeinterval between an object
passes through both gates can then be usedto measureits speedusing the equation:

speed =distance = time

¢ Thisis assumingthe objectis notaccelerating

LIGHTGATE

FLAG

00:00

The firstlight gate starts a timer, and the second stops the timer when the flag passes
between them. This is used to determine the speed of the object

¢ Alight gateis much more accurate than a stopwatch, as itremoves the errors caused by
humanreactiontime

¢ Theycanalsobeconnectedto a digital timer ordatalogger, which then output the timein
which the signals are obstructed for data analysis

Computer Modelling & Data Loggers

e Computingmodellingand dataloggers are essentialin all scientific experiments for
obtaining and analysingreliable results

DataLoggers



e Dataloggers are a tool that allows for the quick and efficient gathering of data
o Theinformation contained within a dataloggercanbeinputtedinto a computerand
formattedinto a table
o Afterthisis donethe computeris able to calculate the average and plot graphs using
the data andcalculate gradients, quickerand more accurately than humans

¢ They are electronic devices that automatically monitorand record environmental
parameters overtime such as temperature, pressure, voltage or current
o |tcontains multiple sensors toreceive theinformation and a computerchip to storeit

A datalogger measuring and displaying temperature using a probe

¢ Thebenefits of using data loggers andICT (information and communication technology)
include:

o Readings are taken with higher degrees of accuracy

o Reduction of human error (eg. human reaction times, subjectiveness)

o Readings can be taken overalong period of time eg. hourly readings of temperature
overmany days

o Readings can betakenin a very short period of time, which would be too quick for
humans to see a difference

o Reduction in safety risks with extreme conditions such as measuring the temperature
of boilingwater

Computer Modelling

¢ Computermodellingis commonly donein conjunction with devices such as a datalogger
o Modellingis about processing the data collected from a physics experimentinto
software or a spreadsheet

e Graphs andcharts can be generated from a table of values
o Thesecanthenbe exportedto a scientific report

¢ Oneof thebenefits of these computer programsis that time can be sped up to predict
the future outcome of an experiment
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Estimate Physical Quantities

e Thereareimportant physical quantities tolearnin physics

e They are particularly usefulwhen making estimates

o Afew examples of useful quantities to memorise are given in the table below (this is by no
means an exhaustivelist)

Estimating Physical Quantities Table

QUANTITY Size

DIAMETER OF AN ATOM 10" m
WAVELENGTH OF UV LIGTH A0 nm
HEIGHT OF AN ADULT HUMAN 2m
DISTANCE BETWEEN EARTH AND THE SUN ]
(1AU) 15 = 10°m
MASS OF A HYDROGEN ATON 10" kg
MASS OF AN ADULT HUMAN 70 kg
MASS OF A CAR 1000 kg
SECONDS IN A DAY 90000 <
SECONDS IN A YEAR 3« 107
SPEED OF SOUND IN AIR 300 ms~1
POWER OF A LIGHT BULB 60W
ATMOSPHERIC PRESSURE 1% 10°Pa

> Worked Example
[ J

Estimate the energy required foran adult man to walk up a flight of stairs.



THE ENERGY REQUIRED ENERGY ~ 70kg x 10 Nkg™* x 3m
TO OVERCOME GRAVITATIONAL = 2100J
POTENTIAL 1S EQUAL TO mgh

MASS OF AN ADULT
MAN ~ 70 kg

T

HEIGHT OF
STAIRCASE 3m

——N|

@ ExamTip

The mark scheme for calculations involving estimates are normally quite generous
and offerarange of values as the finalanswer. Some common estimates are:

¢ Massofanadult=70 kg

« Cravitationalfield strength,g=10 ms2

e Massofacar=1500 kg

¢ Wavelength of visible light =400 nm (violet) - 700 nm (red)

Many values are already given in your data booklet that therefore may not be givenin
the question, so make sure to check there too!



Limitation of Measurements
Types of Error

¢ Measurements of quantities are made with the aim of finding the true value of that quantity
e Inreality, itisimpossible to obtain the true value of any quantity as there will always be a
degree of uncertainty
o This canbe seenwhenyourepeat a measurement andyou get different results
¢ Anerroris the difference between the measurementresult and the true valueif a true value
is thought to exist
o Thisis notamistakeinthe measurement
o Theerrorcanbeduetoboth systematic andrandom effects and an error of unknown
sizeis a source of uncertainty.
e Random andsystematic errors are two types of measurement errors that lead to
uncertainty

Random error

e Random errors cause unpredictable fluctuations in aninstrument’s readings as a result of
uncontrollable factors, such as environmental conditions
¢ This affects the precision of the measurements taken, causing a wider spread of results
aboutthe meanvalue
¢ Toreducerandom error:
o Repeat measurements severaltimes and calculate an average from them

Systematic error

¢ Systematic errors arise from the use of faulty instruments or from flaws in the
experimental method
e This type of erroris repeated consistently every time the instrument or method are used,
which affects the accuracy of allreadings obtained
e Toreduce systematic errors:
o Instruments should berecalibrated, or differentinstruments should be used

o Corrections oradjustments should be made to the technique
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¢ Thisis atype of systematic error that occurs when aninstrument gives areadingwhen
infact the truereadingis zero

e Thisintroduces a fixed errorinto the readings which mustbe accounted forwhen the
results arerecorded

e Zeroerroris atype of systematic errorsince all the values will be displaced by the same

amount



Precision vs Accuracy
Precision

¢ Precise measurements denote the closeness of agreement (consistency) between values
obtained by repeated measurement
o Thisisinfluenced only by random effects and can be expressed numerically by
measures such as standard deviation.
o Ameasurementis preciseif the values ‘cluster’ closely together.
e Precise measurements have very little spread about the mean value, in otherwords, how
closethe measuredvalues are to each other
o |fameasurementis repeated severaltimes, it can be described as precise when the values
arevery similarto, orthe same as, each other
e Theprecision of ameasurementis reflectedin the values recorded - measurements toa
greaternumber of decimal places are said to be more precise than those to a whole
number

Accuracy

e Ameasurementis considered accurateifitis closetothe truevalue

¢ |tis a quality denoting the closeness of agreement between measurementandtruevalue
o Itcannotbe quantified andis influenced by random and systematic errors

e Theaccuracy canbeincreased by repeating measurements and finding a mean of the

results
¢ Repeatingmeasurements also helps toidentify anomalies that can be omitted from the
finalresults
ACCURATE ACCURATE BUT PRECISE BUT NEITHER ACCURATE
AND PRECISE NOT PRECISE NOT ACCURATE NOR PRECISE
The difference between precise andaccurateresults
Resolution

¢ Resolutionis the smallest change in the quantity being measured
o |tgives aperceptible changeinthereading
o |tis alsothesource of uncertaintyina singlereading
e Forexample, theresolution of awristwatchis 1s, whereas the resolution of a digital stop-
clockis typically 10 ms (0.01s)



¢ Inimaging, resolution can also be described as the ability to see two structures as two
separate structures ratherthan as one fuzzy entity

ULTRASOUND

OBJECTS

TRANSDUCER
GOOD POCR
RESOLUTION RESOLUTION
ULTRASOUND = —
WAVES _O_O_
DETECTED —_—

Goodresolution andpoorresolutionin an ultrasound scanner. The goodimage manages to
resolve the two objects into two distinct structures, whereas the poorimage shows one
fuzzy entity.

Uncertainties

¢ Uncertainty is an estimate of the difference between a measurementreading and the true
value
o Inotherwords, itis theinterval within which the true value can be considered to lie with
a givenlevel of confidence or probability
o Any measurementwillhave some uncertainty about the result, this will come from
variations in the data obtained and be subject to systematic orrandom effects
¢ Uncertainties are not the same as errors
o Errors can bethought of as issues with equipment ormethodology that cause a
reading to be different from the true value
o Theuncertainty is arange of values around a measurement within which the true value
is expectedtolie,andis an estimate

e Forexample, if the truevalue of the mass of aboxis 950 g, but a systematic errorwith a
balance gives an actualreading of 952 g, theuncertaintyis +2 g
e Theseuncertainties can berepresentedin a number of ways:
o Absolute Uncertainty: where uncertainty is given as a fixed quantity
o Fractional Uncertainty: where uncertainty is given as a fraction of the measurement
o Percentage Uncertainty: where uncertainty is given as a percentage of the
measurement

e Percentageuncertainty is defined by the equation:

uncertainty

Percentage uncertainty = x 100 %
measured value

¢ Tofinduncertainties in different situations:
o Theuncertainty inareading: half the smallest divisioni.e. 2 x (resolution)
o Theuncertainty ina measurement: atleast +1 smallest division



o Theuncertainty inrepeated data: half therangei.e. £z x (largest - smallest value)
o Theuncertainty indigital readings: + the last significant digit unless otherwise quoted

MILLIAMPERES (mA)

SMALLEST DIVISION = 0.2 mA
READING (1) = 1.6 mA

ABSOLUTE UNCERTAINTY (Al = % x 0.2 mA = 0.1 mA

|=1.6 + 0AmA
FRACTIONAL UNCERTAINTY = UNCERTAINTY _ 04 _ 1
VALUE 16 16
|=16 + LmA
©* %
PERCENTAGE UNCERTAINTY (7) = 2NCERTAINTY 01

VALUE x 100 = 16 100 = 6.2%

I =1.6 % 6.2% mA

Howto calculate absolute, fractional and percentage uncertainty

¢ Always make sureyourabsolute or percentage uncertainty is to the same number of
significant figures as thereading

Combining Uncertainties

¢ When combining uncertainties, therules are as follows:

Adding / Subtracting Data

¢ Addtogetherthe absolute uncertainties



ADDING / SUBTRACTING DATA

DIAMETER OF TYRE (d4) = 55.0 £ 0.5cm

DIAMETER OF INNER TYRE (d,) = 21.0 £ 0.7cm
DIFFERENCE IN DIAMETERS (d,—d,) =55.0 - 21.0 =34.0 cm
UNCERTAINTY IN DIFFERENCE = x(0.5+0.7)=+1.2cm

d,—d, =34.0*1.2cm

Multiplying / Dividing Data

¢ Addthe percentage orfractionaluncertainties



MULTIPLYING 7 DIVIDING DATA

DISTANCE =50.0 £ 0.1m

TIME=5.00 £ 0.05s

SPEED (v) = DISTANCE (s)
TIME (1)
50.0 _
V=" =10.0 ms™

Y= =——+ = =0.002+0.01=0.012
t  50.0 5.00

Av _As At _ 04 0.05
v

ABSOLUTE UNCERTAINTY (av)=10.0 x 0.012 = £ 0.12 ms™*

v =10.0 £ 012 ms™*

Raising to a Power

¢ Multiply the percentage uncertainty by the power



RAISING TO A POWER

Bl bl |

‘E SPHERE

=4 qr.3
V—35rr
r=250=*0.02cm

N 4 %ETI‘(2.5013= 655 mt

\% Ar 0.02
N Y 2.50

= 0.024

ABSOLUTELY UNCERTAINTY (AV) = 65.5 x 0.024 = 1.57cm?

PERCENTAGE UNCERTAINTY (%AV) =100 = 0.024 = 2.47%

> Worked Example

Astudent achieves the following results in their experiment for the angular
frequency, wof arotating ball bearing.

0.154,0.153,0.159,0.147,0.152

Calculate the percentage uncertainty in the mean value of w.

Step 1: Calculate the mean value

0.154 + 0.153 + 0.159 + 0.147 + 0.152

mean w= 5 =0.153rads™!

Step 2: Calculate half the range (this is the uncertainty for multiple readings)
1
5 x(01569-0147)=0.006rad s

Step 3: Calculate percentage uncertainty



7=

EXAM PAPERS PRACTICE

uncertainty 0% thalf the range 100%
measured value ™ °T mean * ?

0.006
0.153

x100 % =3.92%

Itis a very common mistake to confuse precision with accuracy - measurements
can be precise but not accurate if each measurement reading has the same error.
Make sure you learn that precision refers to the ability to take multiple readings with
aninstrument that are close to each other, whereas accuracy is the closeness of
those measurements to the true value.

Remember:

Absolute uncertainties have the same units as the quantity
Percentage uncertainties have no units
Theuncertainty in numbers and constants, such as T, is taken to be zero




Scientific Communication

¢ Scientific communication of theresults of an experiment are extremely important
e Theideas mustbe communicatedin an appropriate way using appropriate terminology
o Thisinvolves usingterms such as accuracy, validity and stating the sources of
random and systematic errors
e Scientists have to design an experiment to answer a question orinvestigate something
e Thesewillinvolve dependent andindependent variables
o Anindependentvariableis whatis changed
o Adependentvariableis whatis measured
o The control variables are what do not change

e Forexample,inaninvestigation of the variation of potential difference and currentacross a
light bulb
o Theindependentvariableis the potential difference
o The dependentvariableis the current
o Thecontrolvariable would be the temperature of the apparatus

e Datamustalways be presentedin a scientific way
e Thismayinclude:

o Tables

o Graphs

o Diagrams

Presenting Datain Tables

¢ Whentakingreadings, a sensible range should be taken, and the values should all be stated
to an appropriate number of significant figures ordecimal places
o Thisisusually the same number as theresolution of the measuring instrument

¢ Thecolumnsinany table should have both a quantity and a unit in theirheading
o Whenlabelling columns, the names of the quantities should be separated from their
unit by a forwardslash (/)

e Fordatadisplayedinatable:
o Thefirstcolumn should contain theindependent variable
The second column should contain the dependent variable
If repeatreadings of the dependent variable are required, these should be included
with a column forthe meanvalue at the end
Any columns required for processing data e.g. calculations should come after this

o

(e}

o



FREQUENCY OF THE
FIRST HARMONIC

LENGTH
OF THE
STRING

$/Hz $/Hz £/Hz £/Hz
L/ m 1st READING | 2nd READING | 3rd READING | MEAN

02
0.4
0.6
0.8
1.0
1.2
1.4
1.6

Conventions for presenting datain a table. The lengthis the independent variable and
the frequency is the dependent variable

¢ Insummary, when presenting tables the following must beincluded:
o Clearheadings, orsymbols, for columns
o Relevantunits formeasurements
o Readings listedto the same number of significant figures

SYMBOL UNIT
A\

6.0
0 25 . 4.0-

lUJ

=
1.0 4.0 S
2.0

2.

o

0 5.5
A
=~
INDEPENDENTDV _DEPENDENT 2 7 N =
VARIABLE VARIABLE ~ ¥ 4

An example of a correctly labelled table with corresponding graph

Presenting Data on a Graph

¢ Allreadings, including suspected anomalous results, should be plotted on a graph so that
they can be easily identified
¢ Whentakingrepeatreadings, itis the meanvalue thatis plotted



e Thewaydatais presented on a graph depends on what type of dataitis
Discretedata

¢ Only certainvalues can be taken, normally a whole numbere.g. number of students
o This shouldbe displayed on a scatter graph orbar chart

Continuous data

e Cantakeanyvalueonascalee.g.voltageina circuit
o This should be displayed on aline or scatter graph

Categorical data

* Values thatcanbesortedinto categories e.g. types of material
o This shouldbe displayed on a pie orbar chart

Ordered data

e Datathatcanbeputinorderedcategories e.g. low, medium, high
o This should be displayed on a bar chart

¢ Insummary, when presenting graphs the following must be included:
o Anexplanatory title

Clearly labeled axes

Relevant units formeasurements

Well plotted points

Asmoothline orcurve of best fit

(e}

[e]

o

]



VARIABLE) DEPENDS ON (INDEPENDENT VARIABLE)

TITLE: A GRAPH TO SHOW HOW (DEPENDENT &}\
A

A GRAPH SHOWING HOW THE EXTENSION OF
A SPRING DEPENDS ON THE FORCE APPLIED

LABELLING AXES:
QUANTITY 7/ UNIT

0.070
0.060
0.050
0.040
0.030
0.020
0.010 /]
0.000 ©

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

EXTENSION / m

FORCE / N

POINTS:

OEE:\RL; - LABELLING AXES (NOTE):

e F THE FORCES HAD ALL
- BEEN KILONEWTONS, THEN

SR e THE AXIS LABEL MIGHT

A SQUARE THICK

READ *FORCE /10°N"

An example of a correctly labelled and plotted graph

Presenting Diagrams

¢ When presenting diagrams, such as apparatus set-up, all the relevant parts must be clearly
labelled



CLAMP ~ WOODEN BLOCKS

STAND _{RULER

|STRING

NEEDLE
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SIEE
WATCH

@

BOB-

00:00

An appropriately labeled diagram of the set-up of aninvestigation into simple harmonic
motion



Applications of Science
Investigations & Evaluations

¢ Anapplication of scienceinvolves using scientific knowledge to carry out an
investigation
o Forexample, developing a new type of radiotherapy, which may alsoinclude further
research based on prior scientific knowledge

¢ Evaluating experimental methods is animportant skill for a scientist andis appropriate to
meet the expected outcomes of the experiment
e Agoodway to evaluate an experimental designis by
o Repeatingthe experiment (using theinstructions provided)
o Determining the reproducibility of the experimenti.e. whether ornot similar
results can be achieved
¢ This process is known as peerreview

» Allapplications of science willhave benefits andrisks
e Fordevelopinganew type of radiotherapy, designed to treat cancer, the benefits are clear
that the treatment could potentially savelives
o However, there are alsorisks with accidents occurring when using harmful radiation

¢ Allnew technologies are therefore always tested thoroughly
o When carrying out practical experiments in A-Level physics, therisks should be
reduced as much as possible foreveryone's safety

e Somesafety precautionsinclude:

o Wearing safety goggles when required

o Not eating ordrinking during experiments

o Always keeping bags and chairs tucked away under desks to avoid someone tripping
overintheclassroom

o Standingup forthe duration of the experiment, in case a piece of apparatus falls off
andtoreact quickly

o Noliquids kept around the apparatus, especially if they rely on electricity (e.g. circuits,
oscilloscopes etc.)

o Turning off the power supply in between readings for thin wires so they don't become
too hot. This could cause a burn or, affect the results of the experiment from the
changeintemperature

o Asoftsurfaceunderneath anythingfalling (such as a ballbearing when calculating g),
to protect surfaces

o Attachingaclamp standto the table surface to keepitrigid

Implications of Science

¢ Animplication of scienceis a consequence of the scientific knowledge

e Theimplications couldbe:
o Commercial - concerningmoney e.g. the funding for a scientific experiment
o Legal - concerninglaw e.g. copyright protection for data collections
o Ethical - concerningmoral principles e.g. using animals, humans



o Social - concerning society e.g. how theresults affect allmembers of society

(children, elderly, disabled etc.)
e Forexample, when building a new power station, although this will provide an appropriate
energy source, theimplications could be:

o Commercial - who pays torun and maintain the power station and how much will this
cost

o Legal - planning permissions to build the power station which requires a lot of land

o Ethical - is it safe for the wildlife that livein the area

o Social - how willthe power station affect the people thatlivein the surrounding areain
both health and economic prospects (e.g. providing more jobs)



YOURNOTES
!
Validating Experimental Results

¢ The scientific community works togetherto ensure that the knowledge and understanding
of scientific concepts are keptas up to date as possible
o This comes from continuous experimenting based on evolving knowledge and new
developments in technology

e Forexample, one of the early models of the atom was the 'plum pudding model' by JJ
Thompson
o Emerging evidence laterfound by Ernest Rutherford established that most of the atom
was actually empty space
o Thisleadtoanevolvedunderstanding of what the atom looks like, whichis still being
investigatedto this day

¢ Scientists ask questions, suggestanswers (hypothesise) then test these suggestions
o Thisis known as the scientific process

The Scientific Process

1. Ask a question about why something happens orhow it works e.g. why does light diffract?
2.Suggestan answer by forming a theory (a possible explanation of the observation) e.g.
lightis awave
o This couldalso bein the form of a model or a simplified picture of whatis physically
goingon e.g.the spreading out of waves
3.Make a prediction or hypothesis
o Thisis a testable statement, based on the theory, about what willhappenifitis tested
o Forexample,iflightis awave, itis expectedtoreflectandrefract
4, Carry out an experiment to test the hypothesis
o This will provide clear evidence to support theinitial prediction
o Forexample, investigating thereflection andrefraction of light - if the experiment
doesn't match the theory, the theory mustchange

Validating Scientific Knowledge
¢ Atheoryis only scientificifit can be tested
¢ Any pieces of experiment evidence must be published
o Thisis oftenin scientificjournals andreports (papers)



THE PEER REVIEW PROCESS

R

|SClENTISTS STUDY SOMETHING

/

4
=

SCIENTISTS WRITE JOURNAL EDITOR PEER REVIEWERS
ABOUT THEIR RESULTS RECEIVES AN READ THE ARTICLE
ARTICLE AND AND PROVIDE

SENDS IT OUT FEEDBACK TO THE
FOR PEER REVIEW EDITOR

EDITOR MAY SEND REVIEWER COMMENTS
TO THE SCIENTISTS WHO MAY THEN REVISE
AND RESUBMIT THE ARTICLE FOR FURTHER
REVIEW.IF AN ARTICLE DOES NOT MAINTAIN
SUFFICIENTLY HIGH SCIENTIFIC STANDARDS,
IT MAY BE REJECTED AT THIS POINT

e

IF AN ARTICLE FINALLY MEETS EDITORIAL AND
PEER STANDARDS IT IS PUBLISHED IN A JOURNAL

The papers are peer-reviewed by the scientific community in the same field
o Otherscientists examine the data andresults, ensuring that there has been a fairtest
andthe conclusion from theresults is reasonable
o This also ensures that work publishedin journals is of a good standard

This process helps validate scientific knowledge and ensure integrity (trustworthiness)
o Scientists can be dishonest orbiased, leading toinvalid conclusions from their
experiments
o Forexample, manipulating the data to fit with theirhypothesis
Peer-review isn't perfect, and oftenindependent scientists test the theory themselves to
cross-check theresults and make sure the original results weren'tjust a 'fluke’
If the evidence then supports a theory, the theory is accepted (fornow)
o If many experiments back this theory with good evidence, anditis not yet deemed
incorrect, then the theory is considered a scientific 'fact’

However, scientific theories are neverindisputable



o There can be breakthroughs and advances to provide new ways to test the theory
which couldlead to new evidence and conflicts

o Whenthis happens, the testing happens all overagain, the theory is adapted to the
new evidence found

o Thebest theories are those that scientists are continuously trying to poke holes in and
testthoroughly. If the theories survive many different tests, thenitis more trusted

¢ Thenature of scientific knowledge is therefore continuously changing and evolving



Science Informs Decision Making

¢ Society makes decisions based on scientific evidence
o Thisis why the evidence must be thoroughly tested and trusted

¢ Scientific work leads toimportant discoveries that benefithumankind
o Forexample, rigorous testing formedication means itis safe forconsumption to treat
the symptoms of anillness

e Theseresults are used by society to make decisions about how peoplelive, eat, drive, work
etc.
o All'sections of society use scientific evidence to make these decisions
o Thisis mostly done by policy makers, politicians and government

¢ Mostindividualmaking these decisions may not be scientists themselves, so they willbe
trusting theresearch to base theiropinions on
o Otherfactors caninfluence decisions about science or the way thatitis used

Economic Factors

e Theeconomy is based on money and the cost of implementing these changes
o Notonly can experiments be very expensive torun, but the cost of buying technology
forhealthcare ortransport costs alot of taxpayer money

e Therefore, whenresearchis expensive, the government must justify spendingmoney on
new equipment,
o Suchasatelescope,instead of otherareas of society such as schools orhealthcare

e However, thelong termbenefits should also be considered
o Forexample, reducing carbon emissions to limit the human contribution to climate
change
o Inthis case, the currenthuman contribution to climate change will be provided from
scientificresearch, as wellas methods to reduce carbon emissions (e.g. solar power)

Social Factors

e Socialfactors are considered for decisions that affect people's daily life
o This could be how it affects the surrounding area when peoplelive, such as noise
pollution
e Thesefactors shouldtake into accountallmembers of society, whether they're young, old,
disabled andforall genders
¢ Anexample of this is scientific knowledge of a healthy lifestyle informing the choices we
make
o E.g.Cyclingtoworkinstead of drivingin order to exercise and reduce carbon footprint

Environmental Factors

¢ Environmentalfactors are takeninto account forany decisions that could affect the
environment
o Thisis primarily plants and animals within the geography of an area
¢ Anexample of thisis wind farms



o Although they are cheap and environmentally friendly (windis a sustainable energy
source) way to generate electricity, the turbines can harm birds and bats

o This means another method of electricity production should be considered, to not
cause harmto the environment

Wind farms can be harmful to wildlife, which may mean they shouldn't be builtin certain
areas



