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S| Base Quantities
International System (S.1.) Units

e Thereis a seemingly endless number of units in Physics

e Thesecan allbereducedto seven base units from which every otherunit can be derived

¢ Thesesevenunits arereferred to as the Sl Base Units; making up the system of
measurement officially usedin almost every country around the world

SIBase Quantities Table

QUANTITY SIBASE UNIT SYMBOL
MASS KILOGRAM kg
LENGTH METRE m
TIME SECOND s
CURRENT AMPERE A
TEMPERATURE KELVIN K
AMOUNT OF SUBSTANCE MOLE mol

Six Sl quantities are shown. The seventh quantity, the candela, measures luminous intensity,
andis not coveredinIB Physics. You may meetit laterif you continue with Physics at
university.
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Derived Units YOURNOTES
Derived Units !

¢ Derivedunits are derived from the seven S| Base units
¢ Thebaseunits of physical quantities such as:

o Newtons, N

o Joules,J

o Pascals, Pa, canbe deduced

e 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 unitsis kgm s~2

The Joule (J), the unit of energy, is defined by the equation:
o Energy =" x mass x velocity?
o J=kgx(ms2=kgm?s2

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

The Pascal (Pa), the unit of pressure, is defined by the equation:
o Pressure =force+area
o Pa=N+m2=(kgms?+m?=kgm's
o Therefore, the Pascal (Pa)in Slbaseunitsiskgm™s

-2
-2
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Scientific Notation & Metric Multipliers

Scientific Notation

¢ Inphysics, measured quantities covera largerange fromthe very large to the very small
¢ Scientific notationis a formthatis based on powers of 10
¢ Thescientific form must have onedigit in front of the decimal place
o Anyremaining digits remain behind the decimal place
o Themagnitude of the value comes from multiplying by 10" where niis called 'the power'

o This poweris positive when representinglarge numbers ornegative when representing
smallnumbers

*9 Worked Example
¢ Express 4 600 000 in scientific notation.

Step 1: Write the convention for scientific notation

o Toconvertinto scientific notation, only one digit may remain in front of the decimal
point
= Therefore, the scientific notation mustbe 4.6 x 10"

o Thevalue of nis determined by the number of decimal places that mustbe movedto
return to the originalnumber(i.e.4 600 000)

Step 2: Identify the number of digits after the 4
o Inthis case, thatnumberis +6

Step 3: Write the final answer in scientific notation
o Thesolutionis: 4.6 x 106

Metric Multipliers

¢ When dealing with magnitudes of 10, there are metric names formany common quantities
e Theseare known as metric multipliers and they change the size of the quantity they are
appliedto
o They arerepresented by prefixes that goin front of the measurement

¢ Some common examples that are well-knowninclude
o kilometres, km (x 103)
o centimetres,cm(x1072)
o milligrams, mg(x 1073)

e Metric multipliers are represented by a single letter symbol such as centi- (c) or Giga- (G)
o Theseletters goinfront of the quantity of interest
o Forexample, centimetres (cm) or Gigawatts (GW)

Common Metric Multipliers Table
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PREFIX ABBREVIATION POWER OF TEN YOURNQOTES
TERA- T 10% l

GIGA- G 10°

MEGA- M 10°

KILO- k 10°

CENTI- c 107

MILLI- m 107

MICRO- I 107°

NANO- n 107°

PICO- P 107"

*> Worked Example
Whatis the answer to the addition of 3.6 Mm + 2700 kmin metres?

Step 1: Check which metric multipliers are in this problem

o Mrepresents Mega- whichis x 104 (not milli- which is small m!)
o krepresents kilo- which is a multiplier of x 103

Step 2: Apply these multipliers to get both quantities to be metres
3.6x10°m +2.7x10°m
Step 3: Write the final answer in units of metres
6.3x10%m
(") ExamTip
-

You are expected to know metric multipliers for your exams. Make sure you become
familiar with themin order to avoid any mistakes.
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Significant Figures

« Significant figures are the digits that accurately represent a given quantity
» Significant figures describe the precision with which a quantity is known
o If aquantity has more significant figures then more precise information is known
about that quantity

Rules for Significant Figures

¢ Notalldigits thata numbermay show are significant
¢ Inordertoknow how many digits in a quantity are significant, theserules can be followed
o Rulel:Inaninteger, all digits count as significant if the last digitis non-zero
= Example: 702 has 3 significant figures

o

Rule 2: Zeros at the end of aninteger do not count as significant
= Example: 705,000 has 3 significant figures

(e}

Rule 3: Zeros in front of aninteger do not count as significant
= Example: 0.002309 has 4 significant figures

o]

Rule 4: Zeros at the end of a numberless than zero count as significant, but thosein
frontdonot.
= Example: 0.0020300 has 5 significant figures

[e]

Rule 5: Zeros after a decimal point are also significant figures.
= Example: 70.0 has 3 significant figures

e Combinations of numbers must always be to the smallest number significant figures

7 Worked Example

Whatis the solution to this problem to the correct number of significant figures: 18 x
3847

Step 1: Identify the smallest number of significant figures

o 18 has only 2 significant figures, while 384 has 3 significant figures
o Therefore, the finalanswer should be to 2 significant figures

Step 2: Do the calculation with the maximum number of digits
18 x 384 = 6912
Step 3: Round to the final answer to 2 significant figures

6.9x103
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Orders of Magnitude

¢ When anumberis expressedin an order of 10, this is an order of magnitude.
o Example: If anumberis described as 3 x 108 then that numberis actually 3x 100 000
000
o The order of magnitude of 3 x 108is just 108

e Orders of magnitude follows rules forrounding
o The order of magnitude of 6 x 108is10? as the magnitude is rounded up

e Aquantityis an order of magnitudelarger than another quantity if itis about ten times
larger
« Similarly, two orders of magnitude would be 100 times larger, or 102
o Inphysics, orders of magnitude can be very large orvery small

* When estimatingvalues, it’s best to give the estimate of an order of magnitude to the
nearest power of 10
o Forexample, the diameter of the Milky Way is approximately 1000 000 000 000
000000000m

¢ |tisinconvenient to write this many zeros, soit’s best to use scientific notation as follows:
1000000000 000000000000=1x10%"m

 The order of magnitudeis 102!
¢ Orders of magnitude make it easier to compare the relative sizes of objects
o Forexample, a quantity with an order of magnitude of 10¢is 10 000 times largerthan a
quantity with a magnitude of 102

Estimating Physical Quantities Table

Object of interest Approximate length (m) Order of magnitude (m)
Distdnce to the ef:lge of 440 x 10%° 10%
the observable universe
Distance from Earth 45 x 107 10m™
to Neptune ’
Distance from London 6 7
to Cape Town Siealc 19
The length of a human 1.7 10°
The length of an ant g0t 107°
The length of a bacteria 2 x10°° 107°
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Estimating Physical Quantities YOURNOTES

¢ Toestimateis to obtain an approximate value {
o Forverylarge orsmall quantities, using orders of magnitudes to estimate calculations
is avalid approach

¢ Estimationis typically done to the nearest order of magnitude

*> Worked Example
°

Estimate the order of magnitude of the following:
a) The temperature of an oven (in Kelvin)
b) The volume of the Earth (in m3)

c) Thenumber of seconds in a person's life if they live to be 95 years old

Part (a)
The temperature of the oven:
Step 1: Identify the approximate temperature of an oven
= Aconventionalovenworks at~200 °C whichis 473K
Step 2: Identify the order of magnitude

= Since this could be written as 4.73 x 102K
= The order of magnitudeis ~102

Part (b)
The volume of the Earth (in m?):
Step 1: Identify the approximateradius of the Earth
» Theradius of the Earthis ~6.4 x10¢m
Step 2: Use theradius to calculate the volume
= Thevolume of a sphereis equalto:
V=4/3mrs
V=4/3x1x(6.4x1093
V=11x10%"m?3
Step 3: Identify the order of magnitude
= Theorder of magnitudeis ~10%!
Part (c)

The number of seconds in 95 years:
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Step 1: Find the number of secondsin a single year YOURNOTES
Tyear =365 days with 24 hours each with 60 minutes with 60 seconds L
365 x24 x60 x60=31536000 secondsinayear
Step 2: Find the number of seconds in 95 years
95 x 31536 000 =283824 000 seconds

= Thisis approximately 2.84 x 108 seconds
= Therefore the order of magnitudeis ~108

(') Exam Tip

When studying IB DP Physics, itis recommended to state youransweron a single
line explicitly (if possible) with allnecessary details to ensure the examiners can mark
correctly andforbest practice.
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Random & Systematic Errors

¢ Measurements of quantities are made with the aim of finding the true value of that quantity
o Inreality, itisimpossible to obtain the true value of any quantity as there will always be
a degree of uncertainty

e Theuncertainty is an estimate of the difference between a measurement reading and the
truevalue
¢ Thetwo types of measurement errors thatlead to uncertainty are:
o Random errors
o Systematic errors

Random Errors

e Random errors cause unpredictable fluctuationsin 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
aboutthemeanvalue
¢ Toreducerandom error:
o Repeat measurements severaltimes and calculate an average fromthem

Systematic Errors

e Systematic errors arise from the use of faulty instruments used or from flaws in the
experimental method
e This type of erroris repeated consistently every time theinstrument is used or the methodis
followed, which affects the accuracy of allreadings obtained
e Toreduce systematic errors:
o Instruments should be recalibrated, or differentinstruments should be used
o Corrections oradjustments should be made to the technique

MEASURED
VALUES

QUANTITY 1/ UNIT

EXPECTED
VALUES

SYSTEMATIC
ERROR GRAPH

IS OFFSET FROM
THE ORIGIN. THIS']
CAN BE ON THE 0
X OR Y-AXIS

s

QUANTITY 2/ UNIT

—
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Systematic errors on graphs are shown by the offset of the line from the origin

Zero Errors

e Thisis atype of systematic errorwhich occurs when aninstrument gives a readingwhen the
truereadingis zero
o Forexample, atop-banbalancethatstartsat2ginsteadofOg

e Toaccount forzero errors
o Takethedifference of the offset from eachvalue
o Forexample,if ascalestarts at2 ginstead of O g, ameasurement of 50 gwould
actuallybe50-2=48g
o The offsetcould be positive ornegative

Reading Errors

* When measuring a quantity using an analogue device such as a ruler, the uncertainty in that
measured quantity is +0.5 the smallest measuringinterval
¢ When measuring a quantity using a digital device such as a digital scale or stopwatch, the
uncertainty in that measured quantity is #1the smallest measuringinterval
¢ Toreducereadingerrors:
o Useamore precise device with smaller measuringintervals and therefore less
uncertainty

CANDY CANE]|

RULER A 10 cm

=
—
-
.
>
A
s
"
ol
.

RULER B | |p 1 2 3 205 6 7 8 9  10cm

Both rulers measure the same candy cane, yet Ruler Bis more precise than Ruler A due to
smallerinterval size
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Uncertainties

Precision

e Precise measurements are ones in which thereis very little spread about the meanvalue,
in otherwords, how close the measuredvalues are to each other

e |fameasurementis repeated severaltimes, it can be described as precise when the values
are very similar to, or the same as, each other

o Anotherway to describe this conceptis if the randomuncertainty of a measurement
is small, then that measurement can be saidto be precise

¢ The precision of a measurementis reflectedin the values recorded - measurementstoa

greaternumber of decimal places are said to be more precise than those to awhole
number

Accuracy

¢ Ameasurementis consideredaccurateifitis close to the truevalue

o Anotherway to describe this conceptis if the systematic error of a measurementis
small, then that measurement can be saidto be accurate

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

results

¢ Repeating measurements 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
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PRECISE, INACCURATE
NOT ACCURATE » ACCURATE,
IMPRECISE PRECISE

/S T

ACCURATE,
NOT PRECISE

NUMBER OF
MEASUREMENTS

o) VALUE

Representing precisionandaccuracy onagraph

Types of Uncertainty

Thereis always a degree of uncertainty when measurements are taken; the uncertainty can
be thought of as the difference between the actual reading taken (caused by the
equipment ortechniques used) andthe truevalue
Uncertainties are not the same as errors
o Errors can be thought of asissues with equipment or methodology that cause a
reading to be different from the true value
o Theuncertaintyis arange of values around a measurement within which the true value
is expectedtolie, andis an estimate

Forexample, if the true value of the mass of aboxis 950 g, but a systematic errorwith a
balance gives an actualreading of 952 g, theuncertaintyis+2 g
These uncertainties 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

uncertainty
measured value

percentage uncertainty = x 100%

To find uncertainties in different situations:
o Theuncertainty inareading: + half the smallest division
o Theuncertainty inrepeated data: half therangei.e. £z (largest - smallest value)
o Theuncertainty indigital readings: + the last significant digit unless otherwise quoted
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MILLIAMPERES (mA)

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

ABSOLUTE UNCERTAINTY (AD = 1 x0.2 mA = 0.1mA

2
|=1.6 + 04AmA
FRACTIONAL UNCERTAINTY = UNCERTAINTY _ 04 _ 1
VALUE 16 16
=16 + JmA
6+ %
UNCERTAINTY 04
PERCENTAGE UNCERTAINTY (%) = N ANTY 460 = 100 = 6.2%
VALUE 16

1 =16 % 6.2% mA

Howto calculate absolute, fractional and percentage uncertainty

¢ Always make sure yourabsolute orpercentage uncertainty is to the same number of
significant figures as thereading
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Propagating Uncertainties

Combining Uncertainties
¢ When combininguncertainties, therules are as follows:

Adding/ Subtracting Data

¢ Addtogetherthe absolute uncertainties

[ ADDING 7/ SUBTRACTING DATA |

DIAMETER OF TYRE (d,) =55.0 + 0.5cm

DIAMETER OF INNER TYRE (d,) = 21.0 + 0.7cm
DIFFERENCE IN DIAMETERS (d,—d,) = 55.0 - 21.0 = 34.0cm
UNCERTAINTY IN DIFFERENCE = £(0.5+0.7)=+12cm

dy—d; = 34.0 £ 12cm

Multiplying / Dividing Data

¢ Addthepercentage orfractionaluncertainties

MULTIPLYING / DIVIDING DATA J

DISTANCE =50.0 * 01m

TIME=5.00 £ 0.05s

SPEED () = DISTANCE ()
TIVE (0
50.0
= -1
V=222 _100ms
Av_as At 04 005 _ 4 5024001=0012
VTS "% T500 500

ABSOLUTE UNCERTAINTY (Av) =10.0 x 0.012 = £ 012 ms™*

v =10.0 £ 012 ms™"

Raisingto aPower
¢ Multiply the percentage uncertainty by the power

Page 15 of 44

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

RAISING TO A POWER

i

T

SPHERE

_Aqrs
V—35rr
r=250=*0.02cm

= %ETI‘(2.5013= 65.5 c®

AV Ar 0.02
vV r 2.50

= 0.024

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

PERCENTAGE UNCERTAINTY (XaAV) =100 = 0.024 = 2.4%

*> Worked Example

[ ] .
Considertwo lengths:

A=5.0£0.1cmandB=25+0.1cm

Which of the following has the smallest percentage uncertainty
A A+B

B.A-B

C.AxB

D.A

Step 1: List the known quantities
o A=5.0cm
o UncertaintyinA,AA=0.1cm
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°o B=25cm YOURNOTES
o UncertaintyinB,AB=0.1cm 1

Step 2: Check the percentage uncertainty of option A
A+B=5.0+25=75cm

o Therule forpropagating uncertainties foradding data (A + B) is AA+ AB
o Thecombineduncertainties are:

01+0.1=+0.2cm
o Therefore, the percentage uncertaintyis:
(0.2+7.5)x100=2.7%
Step 3: Check the percentage uncertainty of optionB
A-B=5.0-25=25cm

o Theruleforpropagating uncertainties for subtracting data (A - B) is AA+AB
o The combineduncertainties are:

0.1+0.1=+0.2cm
o Therefore the percentage uncertainty is:
(0.2+2.5)x100=8%
Step 4: Check the percentage uncertainty of optionC
AxB=5.0x25=125cm

o Therule forpropagating uncertainties formultiplying data (A x B) is AA/A + AB/B
o The combineduncertainties are:

(0.1+5.0)+(0.1+2.5)=0.02+0.04=0.06
o Therefore the percentage uncertainty is:
0.06x100=6%
Step 5: Check the percentage uncertainty of optionD

o A=5.0cmandtheuncertaintyis 0.1cm
o Therefore the percentage uncertainty is:

(0.1+5.0)x100=2%
Step 6: Compare and select the answer with the smallest percentage uncertainty

o Comparingthe fouroptions, option Dis the correct answerasithas avalue of 2%
whichis the smallest percentage uncertainty
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YOURNOTES

*> Worked Example !

ForthevalueB=3.0+0.1,if Bis squarerooted (v/B) whatis the answer along with
the absolute uncertainty?

Step 1: Find what the value of the quantity willbe
VvB=v3.0=173
Step 2: Find the percentage uncertainty of the original
(0.1+3.0)x100=3.33%

Step 3: The percentage uncertainty needs to be multiplied by the power of the
operation

3.33x(1+2)=1.67%
Step 4: Apply the percentage uncertainty to the absolute answer
1.67% in decimal formis 0.0167. Therefore: 0.0167 x1.73=0.03
Step 5: State the complete answer
VvB=173+0.03
(") ExamTip
¥ Remember:

e Absoluteuncertainties (denoted by A) have the same units as the quantity
¢ Percentageuncertainties have no units
e Theuncertainty in constants, such as m, is taken to be zero
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l
Error Bars

e Theuncertainty ina measurement can be shown on a graph as an error bar
e This baris drawn above and below the point (or from side to side) and shows
the uncertainty in that measurement
e Errorbars are plotted on graphs to show the absolute uncertainty of values plotted

N

Vi VERY LARGE ERROR ERROR IN Y—VALUE

ERROR IN X—-VALUE

2 - SMALL ERROR

V

0.0 5.0 10.0 15.0

Representing error bars onagraph

(’) Exam Tip

*  Acommon misconceptionis that errorbars need to all be the same size. In physics,
thisis not the case and each data point can have different error bar sizes as they
have different uncertainties.

Page 19 of 44

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Determining Uncertainties from Graphs

¢ Tocalculate theuncertainty ina gradient, two lines of best fit should be drawn on the
graph:
o The ‘best’line of best fit, which passes as close to the points as possible
o The‘worst’ line of best fit, either the steepest possible or the shallowest possibleline
which fits within all the errorbars

QUANTITY A /\

LINE OF THE
BEST FIT

A5 — STEEPEST (WORST
GRADIENT)

40
_SHALLOWEST
(WORST GRADIENT)
35
30
~
T T T T T | T T T T =

0
QUANTITY B

Theline of best fit passes as close as possible to all the points. The steepest and shallowest
lines are known as the worst fit

e Thepercentageuncertainty in the gradient can be found using the magnitude of the 'best’
and'worst' gradients:

. best gradient — worst gradient
percentage uncertainty = best gradient X 100%

o FEitherthe steepest orshallowestline of best fit may have the 'worst' gradient on a case-by-
casebasis.
o The'worst' gradientwillbe the one with the greatest difference in magnitude from the
'‘best’ line of best fit.
o Theequationaboveis forthe case where the 'worst' gradientis the shallowest.
o Ifthe'worst' gradientis the steepest, then the 'worst' gradient should be subtracted
from the 'best’ gradient and then divided by the best gradient and multiplied by 100

¢ Alternatively, the average of the two maximum and minimum lines can be usedto calculate
the percentage uncertainty:
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max. gradient — min. gradient

percentage uncertainty = 5 X 100%

e Thepercentageuncertaintyin they-intercept can be foundusing:

. best y intercept — worst y intercept
percentage uncertainty = best y intercept X 100%

max. y intercept — min. y intercept
percentage uncertainty = 4 P 5 4 P X 100%

Percentage Difference

¢ The percentage difference gives an indication of how close the experimental value
achieved from an experimentis to the accepted value
o Itisnotapercentage uncertainty

e Thepercentage differenceis defined by the equation:

experimental value — accepted value

_ ) x 1009
percentage difference accepted value o

¢ Theexperimentalvalueis sometimes referredto as the 'measured' value
¢ Theacceptedvalueis sometimes referred to as the 'true' value
o This may belabelled on a component such as the capacitance of a capacitororthe
resistance of aresistor
o Or, fromareputable source such as a peer-reviewed data booklet

 Forexample, the acceleration due to gravity gis known tobe 9.81ms=2. This is its accepted
value
o From an experiment, the value of gmay be foundto be 10.35 ms~2
o |ts percentage difference would thereforebe 5.5 %

+ The smaller the percentage difference, the more accurate the results of the experiment
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YOURNOTES
*9 Worked Example !
[ J

On the axes provided, plot the graph for the following data and draw error bars and
lines of best and worst fit.

Force / N

Extension / 8.5+1 1M+0.5 15 £1 1K£2 2015 | 1952 | 2205 | 261
mm

Find the percentage uncertainty in the gradient from your graph.

Step 1: Draw sensible scales on the axes and plot the data
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Step 2: Draw the errors bars foreach point
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Step 3: Draw theline of best fit
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Step 4: Draw theline of worst fit
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Step 5: Work out the gradient of each line and calculate the percentage uncertainty
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Force /N
, Ay 26-6
Best gradient = — = =0.25

Ax 80-0

, Ay 27-4.7

Worst gradient = —=——"—=0.28
Ax 80-0
0.28 — 0.25
Percentage uncertainty = ST EE x 100% = 12%
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1.3 Vectors & Scalars YOURTOTES

1.3.1Vector & Scalar Quantities

Vector & Scalar Quantities

¢ Ascalaris a quantity which only has a magnitude (size)
e Avectoris a quantity which has both a magnitude and a direction
e Forexample,if aperson goes on a hike in the woods to alocation whichis a couple of miles

from their starting point
o Asthecrow flies, theirdisplacement will only be a few miles but the distance they

walked willbe much longer

FINISH
DISPLACEMENT

Displacement is a vector while distanceis a scalar quantity

¢ Distanceis a scalar quantity
o Thisis becauseitdescribes how an objecthas travelled overall, but not the direction it

has travelledin

e Displacementis a vector quantity
o Thisis becauseitdescribes how faran objectis from whereit started andin what

direction
e Somecommon scalarandyvector quantities are shown in the table below:

Scalars and Vectors Table
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SCALARS VECTORS l
DISTANCE DISPLACEMENT
SPEED VELOCITY
MASS ACCELERATION
TIME FORCE
ENERGY MOMENTUM
VOLUME
DENSITY
PRESSURE
ELECTRIC CHARGE
TEMPERATURE
(’) ExamTip

Doyou have trouble figuring out if a quantity is a vector ora scalar? Just think - can

this quantity have a minus sign? Forexample - can you have negative energy? No.
Canyou have negative displacement? Yes!

Page 29 of 44

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Combining & Resolving Vectors

e Vectors arerepresented by an arrow
o Thearrowhead indicates the direction of the vector
o Thelength of the arrow represents the magnitude

Combining Vectors

¢ Vectors can be combined by adding or subtracting them to produce the resultant vector
o Theresultant vectoris sometimes known as the ‘net’ vector(eg. the net force)

e There aretwo methods that can be usedto combine vectors: the triangle method and the
parallelogram method

¢ Tocombinevectors using the triangle method:
o Step 1: linkthe vectors head-to-tail
o Step 2: theresultantvectoris formed by connecting the tail of the first vectorto the
head of the secondvector

e Tocombinevectors using the parallelogram method:
o Step 1: link the vectors tail-to-tail
o Step 2: complete theresulting parallelogram
o Step 3: theresultantvectoris the diagonal of the parallelogram

*> Worked Example

Drawthevectorc=a+b
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YOURNOTES
4 ~a A

TRIANGLE METHOD

STEP 1: LINK THE VECTORS STEP 2: FORM THE RESULTANT
HEAD-TO-TAIL VECTOR FROM LINKING THE TAIL

OF a TO THE HEAD OF b

b
a
PARALLELOGRAM METHOD
STEP 41: LINK THE VECTORS STEP 2: COMPLETE THE
TAIL-TO-TAIL RESULTING PARALLELOGRAM
a a

STEP 3: THE RESULTANT VECTOR
IS THE DIAGONAL OF THE PARALLELOGRAM

a+b

) Worked Example

Drawthevectorc=a-b
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a ~y s =2 1

FIRST REVERSE THE DIRECTION
OF VECTOR b TO MAKE -b

TRIANGLE METHOD

STEP 1: LINK THE WVECTORS STEP 2: FORM THE RESULTANT
HEAD-TO-TAIL VECTOR BY LINKING THE TAIL
OF a TO THE HEAD OF -b

-b -b
e] c=dbD
a

PARALLELOGRAM METHOD

STEP 1: LINK THE VECTORS STEP 2: COMPLETE THE
TAIL-TO-TAIL RESULTING PARALLELOGRAM

-b

STEP 3: THE RESULTANT VECTOR
IS THE DIAGONAL OF THE PARALLELOGRAM

-b

Resolving Vectors

e Twovectors can berepresented by a singleresultant vector
o Resolvingavectoris the opposite of adding vectors

¢ Asingleresultantvectorcan beresolved
o This means it can berepresented by two vectors, which in combination have the same
effect as the originalone
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¢ Whenasingleresultantvectoris broken downintoits parts, those parts are called YOURNOTES
components 1

e Forexample, aforcevectorof magnitude Fandan angle of to the horizontalis shown
below

F IS A RESULTANT VECTOR

YN\

xV

0

Theresultant force F at an angle to the horizontal

¢ [|tispossible toresolve this vectorintoits horizontal and vertical components using
trigonometry

YN\

AR

Vo

<V

0 K

Theresultant force F canbe splitintoits horizontal and vertical components

¢ Forthehorizontal component, Fx=Fcos 6
e Forthevertical component, Fy = Fsin @
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YOURNOTE
*> Worked Example OURNOTES

l
Ahikerwalks a distance of 6 km due east and 10 km due north.

Calculate the magnitude of their displacement andits direction from the horizontal.

Step 1: Draw a vector diagram

(O Km

Y

bkm

Step 2: Calculate the magnitude of the resultant vector using Pythagoras' Theorem

R=v6%2+10%=2V34

Step 3: Calculate the direction of the resultant vector using trigonometry

(W)

R (0)

(O Km
\9)

okm ()

opposite 10
tcm(e)—L i

~ adjacent

9 = tan™ (%0) = 59°

Step 4: State the final answer complete with direction
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R=2v/34=11.66=12km YOURNOTES

0 =59° eastand upwards from the horizontal i
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Solving Vector Problems

¢ Inphysics, vectors appearin many different topic areas
o Specifically, vectors are often combined andresolved to solve problems when
considering motion, forces, and momentum

Forces on anInclined Plane

¢ Objects onaninclined planeis a common scenario in which vectors need to beresolved
o Aninclinedplane, oraslope,is a flat surfacetiltedatanangle, 6

¢ Instead of thinking of the component of the forces as horizontal and vertical, itis easier to
think of them as parallel or perpendicular to the slope
¢ The weight of the object s vertically downwards and the normal (orreaction) force, Ris
always vertically up from the object
¢ Theweight Wis a vectorand can be splitinto the following components:
o Wcos (0) perpendicularto the slope
o Wsin(0) parallel to the slope

¢ Ifthereis nofriction, the force Wsin (6) causes the object to move down the slope
¢ |fthe objectis not moving perpendicularto the slope, the normal force willbe R =W cos (6)

The weight vector of an object on aninclined plane canbe splitinto its components parallel
andperpendicular to the slope
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YOURNOTES

*> Worked Example !

Ahelicopter provides alift of 250 kN when the blades are tilted at 15° from the
vertical.

LIFT 250KN

Calculate the horizontal and vertical components of the lift force.

Step 1: Draw a vector triangle of theresolved forces

25050 (15)

250 ¢05(I5)

250%N
2 Il 150

Step 2: Calculate the vertical component of the lift force
Vertical =250 x cos(15) =242 kN
Step 3: Calculate the horizontal component of the lift force

Horizontal =250 x sin(15) = 64.7 kN
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*> Worked Example

[ J
Apersonis exploring a new part of town, from their starting point they walk 100 min

the direction 30.0° South of West. They then walk 200 min the direction 40.0°

degrees South of East and finally they walk 150 m directly East.
START

30 degrees

40 degrees

FINISH

>@
150 m

Calculate the magnitude of their displacement from their original position.

In orderto calculate the answer, the vectors of displacement must be resolved into theirx-
components andy-components and then combined. In this case, this effectively means
the x-directionis East-West and the y-direction is North-South

Step 1: Consider positive and negative directions forreference

o SinceEastis likely to be larger considerit the positive displacement and West as
negative
o Similarly, consider South as positive and North as negative

Step 2: Resolve the first displacement (100 m magnitude) intoits components

START

Sin(30°) x 100 = 50 m

Cos(30°) x100 = 86.6 m

The horizontal component can beresolved from:

(e}

cos(30°)x100=86.6m

(e}

This isin a Western (negative horizontal) direction

o

Thevertical component can beresolved from:

sin(30°) x100=50.0m

o

Thisisin a Southern (positive vertical) direction
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Step 3: Resolve the second displacement (200 m magnitude) into its components

Sin(40°)x200=129 m

Cos(40%) x200=153m

o Thehorizontal component can beresolved from:
cos(40°)x200=153m
o Thisisinan Eastern (positive horizontal) direction
o Thevertical component can beresolved from:
sin(40°)x200=129m
o ThisisinaSouthern (positive vertical) direction
Step 4: Resolve the third displacement (150 m magnitude) into its components
o Thehorizontal componentis already resolvedinto
150 m
o ThisisinanEastern (positive horizontal) direction
o Thereis novertical component for this vector
Step 5: Combine the horizontal (East-West) components

< ________

Cos(30°) 100 = 86.6 m

Cos(40°) x200 =153 m

y
| 150 m -
153+150-86.6=166m

o Thisisinan Eastern (positive horizontal) direction

Step 6: Combine the vertical (North-South) components
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i

Sin(30°)x 100 =50 m Sin(40°) 200 =129 m

D g —

<

|
|
|
I
|
I
!
|
I
I
|
|
I
|
I
|
I

V

50.0+129=170m
o ThisisinaSouthern (positive vertical) direction
Step 7: Using Pythagoras theorem to find the resultant hypotenuse vector
V(1662 +1792) =244 m
Equilibrium
e Coplanarforces canberepresented by vectortriangles
e Forces areinequilibriumif an objectis either

o Atrest
o Moving at constant velocity

In equilibrium, coplanar forces arerepresented by closed vectortriangles
o Thevectors, whenjoined together, form a closed path

e Themostcommon forces on objects are
o Weight
o Normalreaction force
o Tension (from cords and strings)
o Friction

The forces on a body in equilibrium are demonstrated below:
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A VEHICLE IS AT REST ON A SLOPE AND HAS THREE FORCES
ACTING ON IT TO KEEP IT IN EQUILIBRIUM

NORMAL
REACTION

R
FRICTION
F
—~7

Vw

WEIGHT

STEP 1:
DRAW ALL THE FORCES
ON THE FREE-BODY
DIAGRAM

STEP 2:

REMOVE THE OBJECT
AND PUT ALL THE
FORCES COMING FROM
A SINGLE POINT

STEP 3:

REARRANGE THE FORCES
INTO A CLOSED VECTOR
TRIANGLE.

KEEP THE SAME LENGTH
AND DIRECTION

Three forces onan object in equilibrium form a closed vector triangle

> Worked Example
[

T;and T, as shown.

Aweight hangs in equilibrium from a cable at point X. The tensions in the cables are

Which diagram correctly represents the forces acting at point X?

A B C D
T T T, T
W W ) W
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YOURNOTES
ANSWER: A !

STEP 1 IDENTIFY THE DIRECTION OF ALL THE FORCES

SHER: 2 ARRANGE THESE INTO A VECTOR TRIANGLE KEEPING
THE SAME MAGNITUDE AND DIRECTIONS

T
W

T

STEP 3 ENSURE THE DIRECTION OF THE VECTORS FORM
A CLOSED PATH

v X

(') ExamTip

If you're unsure as to which component of the forceis cos dorsin 6, just remember
that the cos 0is always the adjacent side of the right-angled triangle AKA, making a
‘cos sandwich'

"cos SANDWICH"
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