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HLIB Physics 4

Your notes
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Scalar & Vector Quantities /

Your notes
Scalar & Vector Quantities

= Ascalaris a quantity which only has a magnitude (size)
= Avectoris a quantity which has both a magnitude and a direction

= Forexample, if aperson goeson ahike inthe woods to alocation whichis a couple of miles from their
starting point

= Asthe crow flies, their displacement will only be a few miles but the distance they walked will be
much longer

FINISH

DISPLACEMENT

Displacement is a vector while distance is a scalar quantity

= Distanceis ascalar quantity

= Thisisbecause it describeshow an object has travelled overall, but not the directionit has travelled
in

= Displacementis a vector quantity
= Thisisbecauseit describeshow faranobjectis from where it started and in what direction

= Some common scalarand vector quantities are shownin the table below:

Scalars and Vectors Table
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SCALARS VECTORS
DISTANCE DISPLACEMENT
SPEED VELOCITY
MASS ACCELERATION
TIME FORCE
ENERGY MOMENTUM
VOLUME

DENSITY

PRESSURE

ELECTRIC CHARGE

TEMPERATURE

Representing Vectors

= Vectors are represented by anarrow

= The arrowhead indicates the direction of the vector
= Thelength of the arrow represents the magnitude
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The force vector F has both a direction and a magnitude

= Componentvectors are sometimes drawn with a dotted line and a subscript indicating horizontal or
vertical

= Forexample, Fyis the horizontal component and F is the vertical component of the force F

O Examiner Tip

Do you have trouble figuring out if a quantity is a vector or a scalar? Just think - can this quantity have a

minus sign? For example - can you have negative energy? No. Can you have negative displacement?
Yes!
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Combining & Resolving Vectors V4

Your notes
Combining & Resolving Vectors

= Vectors canbe changedinavariety of ways, such as
= Combining through vector addition or subtraction
= Combining through vector multiplication
= Resolving into components through trigonometry

Combining Vectors

= Vectors canbe combined by adding or subtracting them to produce the resultant vector
= Theresultant vectoris sometimes known as the ‘net’ vector (e.g. the net force)
= There are two methods that can be used to combine vectors: the triangle method and the
parallelogram method
Triangle method

= Tocombine vectors using the triangle method:
= Step 1: link the vectors head-to-tail
= Step 2: theresultant vectoris formed by connecting the tail of the first vector to the head of the
second vector
Parallelogram method

= Tocombine vectors using the parallelogram method:
= Step 1: link the vectors tail-to-tail
= Step 2: complete the resulting parallelogram
= Step 3: theresultant vectoris the diagonal of the parallelogram
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@ Worked example

Drawthevectorc=a+b.

Answer:

a \

TRIANGLE METHOD
STEP 41: LINK THE VECTORS STEP 2: FORM THE RESULTANT
HEAD-TO-TAIL VECTOR FROM LINKING THE TAIL

OF a TO THE HEAD OF b
b b
a
c=a+b
PARALLELOGRAM METHOD
STEP 1: LINK THE WVECTORS STEP 2: COMPLETE THE
TAIL-TO-TAIL RESULTING PARALLELOGRAM
d a

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

a+b
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@ Worked example

Draw thevectorc=a-b.

Answer:

o =

FIRST REVERSE THE DIRECTION
OF VECTOR b TO MAKE -b

TRIANGLE METHOD

STEP 1: LINK THE VECTORS
HEAD-TO-TAIL

-b

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

-b

c=a-b

PARALLELOGRAM METHOD
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STEP 1: LINK THE VECTORS STEP 2: COMPLETE THE /
TAIL-TO-TAIL RESULTING PARALLELOGRAM Your notes
a a
b _b

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

Vector Multiplication

= The product of ascalarand avectoris always a vector
-
= Forexample, consider the scalar quantity mass 111 and the vector quantity acceleration a
-
>
» The product of mass 111 and acceleration @ gives rise to a vector quantity force I
-
-
F=mXa
-
= Foranotherexample, consider the scalar quantity mass 111 and the vector quantity velocity Vv
- —>
= The product of mass 111 and velocity V givesrise to avector quantity momentum p
- -
p=mXy
Resolving Vectors

= Two vectors can berepresented by a single resultant vector
= Resolving avectoris the opposite of adding vectors
= Asingleresultant vector can beresolved
= Thismeansit canberepresented by two vectors, whichin combination have the same effect as
the original one
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MAGNITUDE OF THE RESULTANT VECTOR, R /
Your notes
d
ADD TWO VECTORS a&b — > b
b
LINK THE VECTORS HEAD-TO-TAIL
a
FORM THE RESULTANT VECTOR R
FROM LINKING THE TAIL OF a TO b
THE HEAD OF b
d
R=Ad+5 R
CALCULATE R USING PYTHAGORAS’ b
THEOREM
a

The magnitude of the resultant vector is found by using Pythagoras’ Theorem

= Whenasingle resultant vectoris broken downintoits parts, those parts are called components
= Forexample, aforce vector of magnitude Fz and an angle of 6 to the horizontal is shown below
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\F,

Resolving two force vectors Fyand F; into a resultant force vector Fg

= |tis possible toresolve this vectorintoits horizontal and vertical components using trigonometry

L 71

~

Fa

Fi=F? +F

RESULTANT FORCE = EFFECT OF FORCE 1+ EFFECT OF FORCE 2

The resultant force Fr can be splitinto its horizontal and vertical components

= Thedirection of the resultant vectoris found from the angle it makes with the horizontal or vertical
= The question shouldimply which angleitis referring to (i.e. calculate the angle from the x-axis)
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Calculating the angle of this resultant vector from the horizontal or vertical can be done using ,
trigonometry
= Eitherthe sine, cosine or tangent formula can be used depending on which vector magnitudes are Your notes
calculated

For the horizontal component, Fy = Fcos 0
Forthe vertical component, F, = Fsin 8
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@ Worked example

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

Calculate the magnitude of their displacement and its direction from the horizontal.
Answer:

Step 1: Draw a vector diagram

7 10 km NORTH

6 km EAST

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

Resultant vector = /62 + 102

Resultant vector = /136

Resultant vector=11.66

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

Page12 of 26

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

4

/ Your notes

/ 10 km NORTH

6 km EAST

opposite 10

tang = adjacent "6

10
6 = tan‘l(?) = 59°

Step 4: State the final answer complete with direction

= Vectormagnitude: 12 km
= Direction: 59° east and upwards from the horizontal
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O Examiner Tip /

. . " . . Your notes
Make sure you are confident using trigonometry asitis used alot in vector calculations!

_ _OPPOSITE _ OPPOSITE
25 HYPOTENUSE L] ADJACENT
SOHR CAH TOA

_ _ADJACENT
Ll HYPOTENUSE

If you're unsure as to which component of the force is cos 6 or sin 8, just remember that the cos 8is
always the adjacent side of the right-angled triangle AKA, making a 'cos sandwich'

FcosB

"cos SANDWICH"
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Force as aVector

= |nphysics, vectors appearin many different topic areas
= Specifically, vectors are often combined and resolved to solve problems when considering
motion, forces, and momentum
= Forcesvectordiagrams are often represented by free-body force diagrams
= Therulesfordrawing afree-body diagram are the following:
= Rule1: Draw a pointin the centre of mass of the body
= Rule 2: Draw the body free from contact with any other object
= Rule 3: Draw the forces acting on that body using vectors with length in proportion to its

magnitude
= Rule 4: Draw the tail of the vector from the centre of mass and use the tip to indicate the direction

NORMAL
(REACTION)
FORCE

APPLIED =TT T -t

FORCE FRICTIONAI% 1 , > APPLIED

H FORCE | @, : FORCE

]

WEIGHT
FORCE

Point particle representation of the forces acting on a moving object on a rough horizontal surface

= The below example shows the forces acting on an object suspended from a stationary rope

TENSION
FORCE

WEIGHT
FORCE
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Free-body diagram of an object suspended from a stationary rope

Forcesonanlinclined Plane

= Acommon scenariois anobject onaninclined plane
= Aninclined plane, oraslope, is aflat surface tilted at anangle, 8

The weight vector of an object on aninclined plane can be splitinto its components parallel and
perpendicular to the slope

Inclined slope problems can be simplified by considering the components of the forces as parallel or
perpendicular to the slope

The weight (W = mg) of the objectis always directed vertically downwards

Ontheinclined slope, weight can be split into the following components:

Perpendicularto the slope: ¥ W = mg Cos 0

Parallel to the slope: v W = mg sin 6

The normal (or reaction) force Ris always vertically upwards, or perpendicular to the surface

If there is no friction, the parallel component of weight, mg sin 8, causes the object to move down the
slope

If the object is not moving perpendicular to the slope, the normal forceis R=mg cos 6

Equilibrium

Coplanarforces canberepresented by vector triangles

Forces arein equilibriumif an object s either

= Atrest

= Moving at constant velocity

In equilibrium, coplanar forces are represented by closed vector triangles
= Thevectors, whenjoined together, form a closed path

The most common forces on objects are

= Weight

= Normalreactionforce

= Tension (from cords and strings)
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= Theforcesonabodyinequilibriumare demonstrated below:

A VEHICLE 1S 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 4:
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 on an object in equilibrium form a closed vector triangle
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@ Worked example /

Your notes
Aweight hangsin equilibrium from a cable at point X. The tensions in the cables are Tyand T as shown.

Which diagram correctly represents the forces acting at point X?

A B C
T T T, T
w W w W
T, T, T, T,
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ANSWER: A

IDENTIFY THE DIRECTION OF ALL THE FORCES

T T

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

T
W

T

ENSURE THE DIRECTION OF THE VECTORS FORM
A CLOSED PATH

v X
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@ Worked example ,

Your notes

Ahelicopter provides a lift 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.

Answer:

Step 1: Draw a vector triangle of the resolved forces

25050 (15)

250 ¢05(15)

250%N
1 ,50

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

Horizontal component of force = 250 x sin(15) = 64.7 kN
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O Examiner Tip /

. e . , , Your notes
When labelling force vectors, itisimportant to use conventional and appropriate naming or symbols

suchas:

= worweightforce ormg

= NorRfornormalreactionforce (depending onyourlocal context either of these could be
acceptable)

Using unexpected notation canlead to losing marks so try to be consistent with expected
conventions.
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Scale Diagrams /

Your notes
Scale Diagrams

= There are two methods that can be used to combine orresolve vectors
= Calculation - if the vectors are perpendicular
= Scale drawing - if the vectors are not perpendicular
= Calculating vectors using a scale drawing involves drawings the lengths and angles of the vectors
accurately using a sharp pencil, ruler and protractor

Fpb=3N AT ‘ —
L 4em="N
I
I
I
|
Ry i
|
: J
F, = 4N
F,=5cm=5N
8 =37° (FROM HORIZONTAL)
F,= 5N 37° FROM HORIZONTAL

Vectors can be determined using scale diagrams

= Whentwo vectors are not atright angles, the resultant vector can be calculated using a scale drawing
= Step 1: Linkthe vectors head-to-tail if they aren’t already
= Step 2: Draw the resultant vector using the triangle or parallelogram method
= Step 3: Measure the length of the resultant vectorusing aruler
= Step 4: Measure the angle of the resultant vector (from Northiif itis a bearing) using a protractor

Page 22 of 26

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

ANGLES FOUND USING /
A PROTRACTOR Your notes

LENGTHS OF
VECTORS DRAWN
WITH A RULER

SCALE
1em = 1m

ALWAYS CHECK THE SCALE TO
CONVERT BACK TO THE UNITS
NEEDED (IN THIS CASE, METRES)

A scale drawing of two vector additions. The magnitude of resultant vectorR is found using a rule and its
direction is found using a protractor

= Note that with scale drawings, a scale may be given for the diagram such as1cm =1km since only
limited lengths can be measured using aruler
= The final answeris always converted back to the units needed in the diagram
= Eg.Forascaleof 1cm=2km, aresultant vector with alength of 5cm measured onyourruleris
actually TO kmin the scenario
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@ Worked example

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

By making a scale drawing of theirroute, find the magnitude of their displacement and its direction
from the horizontal.

Answer:
Step 1: Choose a sensible scale

= Thedistances are 6 and 10 km, so a scale of 1cm =1km will fit easily on the page, but be large
enough foran accurate scale drawing
Step 2: Draw the two components using a ruler and make the measurements accurate to1mm

10 ¢cm =10 km

o

START 6cm=6km

Step 3: Add the resultant vector, remembering the start and finish points of the journey
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END /

Your notes

10 cm =10 km

START 6cm=6km

Step 4: Carefully measure the length of the resultant and convert using the scale

END

10 cm =10 km

START 6cm=6km

Step 5: Measure the angle between the vector and the horizontal line
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' END /

Your notes

10 ¢t = 10 km

START 6 cm=6km

Step 6: Write the complete answer, giving both magnitude and direction

= Magnitude: R=11.7km
= Direction: 6=59°

O Examiner Tip

It should be noted that some of the examples used on this page demonstrate the use of scale
diagrams where the vectors are placed atright angles - it would be quicker to determine the resultant
force of these via calculation as simple trigonometry can be used

Scale diagram questions will typically involve vector triangles that do not contain aright angle
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