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CHAPTER

2 Equilibrium of forces

N B

= \ : A well-designed building should be stable when exposed to a wide variety of forces.
~ "“\-;,'L . _t Engineers and architects must use their understanding of physics to predict the force
R

acting on a structure and thus ensure the design is safe.

When all the forces acting on an object add up to a zero net force, the body is said {e
be in translational equilibrium. There will be no translational acceleration if the for€e
acting on the object are balanced. For a structure to be completely at rest and
however, it is not enough that it is simply in translational equilibrium. The s

or system must also be in rotational equilibrium, which means that the

torques acting about a point are zero. When an object is in translation d rotational
equilibrium, it is said to be in static equilibrium.

This chapter focuses on the concept of equilibrium, which descr
in which forces and torques are balanced. If there is equilibrium of
forces, then there will be no net translational force. If th

moments, then the object will not be rotating.

Science Understanding /

« the stability of an object depends on th i ntre of mass
+ when an object experiences a net force{at C m a pivot and at an angle to
the lever arm, it will experience a ent about that point, which includes
applying the relationship:
t=rFsin@
for a rigid body to be in ilibrium, sum of the forces and the sum of the
moments must be zer includes applying the relationships:
SF=0
t=rFsin@
>t=0
xts may include:
st a frictionless wall, e.g. a ladder

of objects by cables, e.g. signs
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2.1 Torque

Many real-life situations involve objects that rotate about a pivot point, such as
closing a door, using a spanner or turning a steering wheel (Figure 2.1.1). In these
situations, a force acts to provide a turning effect, known as a torque (7). Newton’s
laws use the concept of force to help explain the motion of a body in a straight line.
The concept of torque is used in exactly the same way to explain changes in the
rotational motion of an object.

will rotate; this is referred to as the axis of rotation. There must also be a
applied to the object in such a way as to cause the object to rotate. To allow
rotation, the force must not be applied through the pivot point, but rather at some
erpendicular distance from it. The force applied will have a line of action, which
must not pass through the pivot point either.

The te 2

que’ (1) and ‘moment of a force’ (M), which

is usually shortened to ‘moment’, are used interchangeably
in physics at the high school level.

The difference between these terms is in the conventions
of their use. Typically, torque is used for dynamic problems
in which there is an angular acceleration, and so the speed
at which an object rotates is changing. Moments are
typically used in static problems, often as reaction forces or
internal forces in an object, and are balanced so that there
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is no angular acceleration. An example of how a torque
is used would be in the force applied by an axle to the
wheel of a car to increase its speed of rotation. A moment
might be used when calculating the reaction force for a
beam that is attached to a wall at one end and has a force
applied on the other.

Both torque and moment are calculated using the
equation t=rF siné.



Force and the pivot point

When analysing a rotating system, the position of the pivot point or axis of rotation
must be considered (Figure 2.1.2). A wheel, for example, moves in a circular path
around its axle. The imaginary line along the length of the axle is the axis of rotation.

\

\
Axis of rotation '\
\

FIGURE 2.1.2 The axis of rotation.

A force applied directly towards or away from the axis of rotatio
a turning effect on the wheel. This is because the line of acti [

through the pivot point (Figure 2.1.3).

Axis of rotation

Line of action

FIG 1.3 n the line of action of the force passes through the pivot point, the wheel will not

experie que.
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Torque is achieved by applying a force on the wheel at a point where the line
of action of the force does not pass through the axis of rotation or pivot point. The
maximum effect is achieved when the force applied is at 90° to a line drawn from
the axis of rotation to the point at which the force is applied (Figure 2.1.4).

Axis of rotation

Line of action

FIGURE 2.1.4 Maximum torque occ
rotation.

Magnitude of d the torque

t is directly proportional to the magnitude of the
force (F). If a hings are equal, a larger force will result in a larger torque

(Figuge 2.1.5).

b Smaller torque

Larger force
Smaller force

90° 90°

Line of action Line of action

FIGURE 2.1.5 The magnitude of a force affects the torque on an object. The wheel in (a) will
experience a larger torque than the wheel in (b).




Distance from the pivot point and torque

In addition to the size of the force and the angle at which it is acting, the amount of
torque created is also directly proportional to the perpendicular distance between
the axis of rotation and the line of action of the force. This perpendicular distance
is called the force arm and is given the symbol 7,. Given that everything else
is constant, the larger the force arm or perpendicular distance (r|), the larger the
torque (7) (Figure 2.1.6).

a Larger torque b Smaller torque

Same force - e force

90° > e

___________ @

l
!
!

FIGURE 2.1.6 The perpendicular distance from the pivot point to 4 ction of the force affects
the torque on an object. The wheel in (a) will experience a larger to aivthe wheel in (b).

The torque equation

The magnitude of the torque (7) incrge ases as the force (F) increases
or decreases. The torque also, increédses decreases as the force arm or the
perpendicular distance fron%h ivot e of action of the force () increases

or decreases.
Hence, the formula for cu\ng

dicular distance from pivot to the force’s line of action (m)

magnitude of the torque is:

A rot y moves either clockwise or anticlockwise. You can determine the
direction ofjthe rotation by considering the context of the question. When two or
more s are acting, a sign convention can be applied to each torque where

clockwise is considered to be positive and anticlockwise is considered to be negative.
In this way, the torques can be added to determine the resultant torque.

d

1

1 \ \

i Line of action MFine of action -
1

,
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Worked example 2.1.1
CALCULATING TORQUE

A bus driver applies a force of 45.0N on the steering wheel of a bus as it turns
a right-hand corner. The radius of the steering wheel is 30.0cm. If the force is
applied at 90.0° to the radius, calculate the torque on the steering wheel.

Thinking Working

Identify the variables involved and T="7

state them in their standard form. r,=0.300m
F=450N

Apply the equation for torque. T=r,F

Rearrange as necessary. 7= (0.300)(45,
7=13.500

State the answer to the correct 7= 13.5[m e

number of significant figures and

include the appropriate direction

(clockwise or anticlockwise).

Worked example: Try yourself
CALCULATING TORQUE

d to be acting on a circular object. Any object can rotate

=2 abou ® is applied where the line of action of the force is not acting
F throug nt. For example, spanners can apply a torque to a nut or bolt
wl . h . . .
B Line of whet ot point is the bolt and a force is applied at right angles to the spanner
< 1lineo .
* # laction

gCT spanners can apply a greater torque on a nut than shorter spanners. This
bg/useful when trying to remove tight nuts or bolts, such as the wheel nuts on a
igure 2.1.8). Some wheel-nut spanners have extendable handles that increase
torque for loosening very tight nuts or tightening the nuts sufficiently so that
they won’t come loose.

. .
.~ .
-------------

FIGURE 2.1.7 An adjustable spanne L&i a
torque to the nut of a nut-and-bolt s

FIGURE 2.1.8 Loosening the wheel nuts with an extended handle spanner will increase the torque on
the nut.
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Worked example 2.1.2

CALCULATING PERPENDICULAR DISTANCE

whether the spanner is long enough.

A car driver can apply a maximum force of 845N on a wheel-nut spanner that is
adjustable up to 30.0cm in length. The force is applied at 90.0° to the radius. If

the wheel nuts need a torque of 224N m to remove them, what is the minimum
length of the adjustable spanner at which the nuts can be loosened? State

Thinking Working
Identify the variables involved and T=224Nm
state them in their standard form. r=1?
F=8450N
Apply the equation for torque. t=r,F
Rearrange as necessary. T
rJ_ = —
F
(224)
r
(845)
r,=0.26509
State the answer to the appropriate r,=26.5cm
number of significant figures and with
comparable units to the question.
Compare the answer with the length As the spanner can be exte
of the spanner and state whether it is 30.0cm, it can be made [6ng eRdugh
appropriate for this task. to provide the mini Rerpe lar
distance of 26.5crg

Worked example: Try yourself 2.1.2
CALCULATING PERPENDICULAR DISTANCE

iLine of

1action
FIGURE 2.1.9 A door can have a torque applied
to it, as long as the line of action of the force is
not through the axis of rotation.

A truck driver can apply a maximum force o e truck wheel-

Doors are also good exa
rotation and the force is ap,

LATIONS OF TORQUE

acts along a line that is at an angle other than

ulate the torque by using one of two approaches: either
f the force acting perpendicular to the door, or by finding
ce from the pivot point to the line of action of the force.

mula for torque (7) on an object is:

circumstances, yo
by finding th

the perpe u
the

nt to the line of action of the force () are perpendicular to each other. It
doesn’t matter whether the radius is perpendicular to the line of action of the force,
or if the force is perpendicular to the radius. You will explore both methods and see
that they are equivalent.

Calculating torque using perpendicular force

The component of any force can be calculated using trigonometry. To find the
component of the force that is perpendicular to a door, for example, you can use
the magnitude of the force and the angle between the door and the line of action of
the force (Figure 2.1.11).

Hinge O N
*\ Line of
action
FIGURE 2.1.10 When the force causing a torque

is not perpendicular to the door, the torque is
reduced.

Hinge O

*\ Line of
action
FIGURE 2.1.11 Determining the components of

a force.
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0 In this case, T=rF, and F, = Fsin 6.
Combining the two equations gives:
T=rFsin@

When solving this problem, you can either calculate the perpendicular component
of the force and then apply the torque equation, or simply use the combined
equation. It is recommended that you begin by calculating the perpendicular force,
and then use the torque equation. Once you are comfortable with that s ou
can try using the combined equation.

Worked example 2.1.3
CALCULATING TORQUE FROM THE PERPENDICULAR COMP

the student applies to the nut.

Working
relationship F,=Fsin@
e the force F, = (65.0)sin (68.0°)
e spanner.
P F = 60.267N
bles to their standard r=42.0cm
r=0.420m
T= rFJ_
7= (0.420)(60.267)
t=25.312
State the answer to the appropriate 7= 25.3Nm anticlockwise
number of significant figures and with
the appropriate units, including the
direction since torque is a vector.

Worked example: Try yourself 2.1.3
CALCULATING TORQUE FROM THE PERPENDICULAR COMPONENT OF FORCE

A mechanic uses a 17.0cm long spanner to tighten a nut on a winch. He applies
a force of 104N at an angle of 75.0° to the spanner.

Calculate the clockwise torque that the mechanic applies to the nut.




Calculating torque using perpendicular radius

The perpendicular component of any distance can be calculated using Pythagoras’
theory or trigonometry. To find the component of a length that is perpendicular to
the line of action of the force acting on a door, construct a line from the pivot point
to the line of action of the force so that it intersects the line of action at right angles
(Figure 2.1.12).
In this case \
T=r Fandr =rsinf
combine to give
T=rsinOF
The equation 7= rF'sin 6 is identical to 7= rsin F, so either method would be
appropriate for calculating the torque when the force is not acting at right angles
to the object. In both cases, the component of the distance or the component of the
force is always going to be less than the distance or the force itself. This decrease

*\ Line of
in value will result in a smaller torque being applied to the object. The maximum ‘action
torque will always be achieved when the line of action of the force is perpendicular 1. Btermining the components of

to the maximum distance from the pivot point to the line of action.

Worked example 2.1.4

CALCULATING TORQUE FROM THE PERPENDICULAR COMPONENT OF
DISTANCE

student applies to the nut.

Thinking

units. r=0.420m

Use the trigonometric rg
rsin 0 to determine the

ro=rsiné
r;=(0.420) sin (68.0°)
r=0.38942m

T=r,F
7=(0.38942)(65.0)
7=25312

7= 25.3Nm anticlockwise

Note that this is the same as the
answer to Worked example 2.1.3.
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Worked example: Try yourself 2.1.4

CALCULATING TORQUE FROM THE PERPENDICULAR COMPONENT OF
DISTANCE

A mechanic uses a 17.0cm long spanner to tighten a nut on a winch. He applies
a force of 104N at an angle of 75.0° to the spanner.

Sl

mechanic applies to the nut. Give your answer ¥

ree significant figures.

| PHYSICS IN ACTION|
The torque wrench %
a

The extent to which a nut or bolt is tightened can be pplied, a pointer on the scale moves to indicate
critical to the safe operation of machinery or motors, a amount of torque in newton metres (N m). The click-
good example being the wheel nuts on a car. Ifga nut or pe torque wrench can be set to apply a fixed amount of
bolt is too loose then it could fall out, but if it is {0®, ti rque. When the required torque has been achieved, the
then it could either distort the part or the bolf wrench ‘clicks’ and releases itself, preventing any further
off. Both of these situations could result in tightening.
repairs. To avoid nuts and bolts being
manufacturers use different tool
the amount of torque require@t
the correct tightness.
Figure 2.1.13 illustrates g
wrenches. The beam wre
wrench; it has a flexi
that separates the

More recently, electronic torque wrenches have been
developed. A force beam within the wrench converts the
applied compressive or tensile force to an electrical signal
that is calibrated to show the force in newton metres on a
s of torque digital readout. Measurements can also be stored within
simplest type of torque  the instrument’s memory and transferred to a computer.
with a bar and scale The force sensors you will most likely use in physics
operate on this same principle.

FIGURE 2.1.13 Three types of wrenches commonly used to measure the torque applied to a nut or bolt: (a) beam torque wrench, (b) click-type
torque wrench, (c) digital torque wrench.
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2.1 Review

» Torque is a measurement of the amount of force
applied to an object to make it rotate around
an axis.

» The formula for calculating the magnitude of the
torque is T=r,F.

« Torque occurs when the acting force is not applied
directly through the pivot point of the object.

+ Maximum torque occurs when the acting force
is applied at a perpendicular angle of 90° to the
force arm.

» The larger the force acting on the object, the
larger the torque will be.

KEY QUESTIONS

1

1

1

1

1

1

1

1

1

1

1

1

1
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1

1

1

1

1
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1

1

1

1

1

1

1

1

1

1

1

1

1

1

' 1 Select the correct option below to complete the
! following statement about torque.
. When a force acts such that the line of action of the
. force is not directed through the pivot point of the
, object then:

, A a torque will result

1 B no torque will result

2 Which of the options listed below besige

A Torgue is only increased by increas nexforce
applied to the object.

B Torque increases when eith rce“or the force
arm increases, or bothhner
C Torque only incred®es t earm

decreases.
D Torque only inc w the force arm
increases.
3 Calculate t ed to a bolt by a 20.0cm
long span s a force of 25.0N acting at 90.0°
to its lengt d he end of the spanner.

radius of the wheel on a pressure valve

hen a force of 12.0N is applied.

The longer the force arm, the greater the torque
will be.
If torque is generated by a force that is not
perpendicular to the lever arm of thef@bjegt, o
of the two methods can be used:
- Use the component of the force perpéfdic
to the length of the object to
T=rF,

- Use the distance from
perpendicular to thgyli
to calculate torg

Both methods fg

gnitude is provided by:

g with a force of 33.0N at right angles to the

the middle of the door
p@shing with a force of 25.0N at right angles to the
door, 25.0cm from the handle edge of the door

C pushing with a force of 50.0N at right angles
25.0cm from the hinges of the door

D pulling with a force of 25.0N at right angles to the
door, at the handle edge of the door

Demolishers wish to knock over a concrete wall. They
plan to use a wrecking ball that exerts 5250N as it
hits the wall. If it hits at a point that is 3.05m above
the ground, calculate the magnitude of the torque that
is developed on the wall if the wall pivots at its base.

Calculate the length of a spanner that is used to
tighten a nut to a torque of magnitude 32.1 N m
when a force of 24.0N is applied at right angles to the
spanner, at the end of the spanner.

A camper ties a rope from the top of a 2.00m tent
pole to a peg on the ground. The rope is tightened
so that the rope applies a 30.0N force at an angle
of 40.0° to the pole. Calculate the magnitude of the
torque that is developed on the tent pole due to the
rope if it pivots at its base.

CHAPTER 2 | EQUILIBRIUM OF FORCES
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2.

1 Review continued

Penny is assembling some flat-pack furniture with an
Allen key. Calculate the torque supplied on a screw
by a 7.00cm long Allen key that has a force of 8.50N
acting at 90.0° to its length, and at the end of the
Allen key.

A mechanic uses a trolley jack to jack up a car by
pushing vertically down on the end of a 90.0cm

lever with a force of 82.0N, as shown in the diagram
below. The lever is shown at an angle of 40.0° up from
horizontal. Calculate the magnitude of the torque
acting on the pivot.

UNIT 3 | GRAVITY AND RELATIVITY

The following information applies to questions 11 and 12.
A rope is attached at 30.0° to a freshly planted tree. The
line of action of the force is along the same line as the
rope, and the rope is attached 1.50m from the base of
the tree. Assume the base of the tree is the pivot poi

11 Calculate the length of the perpendicular
the rope.

12 Calculate the torque on the tree if the fonee,a

to the tree by the rope is 12.5N and i @

clockwise about the base of the tr



2.2 Equilibrium of forces

Newton’s first law states that an object will continue with its motion unless acted
upon by an external unbalanced force. The situation in which the object continues
with its motion, or doesn’t change its velocity, occurs when the forces on the object
are balanced. Balanced forces, like those in a tug of war (Figure 2.2.1), are said to
be in translational equilibrium. When a tug of war starts, for example, there is an
equilibrium of forces as both teams take the strain. Winning a tug of war match
involves one team applying a greater force so that there is a net force on the rope,
causing the rope and teams to accelerate in the winning team’s direction. Once the
rope and the teams are moving at a constant velocity, an equilibrium of forces exists
once again.

CENTRE OF MASS AND STABILITY

Think about an athlete running in a 100 m sprint. In simple terms, the athlete runs
in a straight line along the track, and the displacement and velocity at any time
can be calculated using the principles discussed in Chapter 3 ‘Linear motion’ in
Year 11. However, the motion of the various parts of the athlete’s body will differ
significantly during the run. The athlete’s arms and legs move in a complex manner
that requires a significantly more complex analysis.

The analysis of the motion of complicated systems, such as a sprinter Qi
jumper, can be simplified to the motion of a single point. In other Words, # as
of the sprinter can be considered to be ‘concentrated’ into a single p at he
travelled in a straight line. This single point is called the centre of
much mass above the centre of mass as there is below it, as much m!
there is to the right, and as much mass in front as there is behi

If an object is uniform in one dimension only (e.g. a str
centre of mass will be exactly halfway along its leng
object in two dimensions (e.g. a flat piece of card), wi point that is halfway
along and halfway across the object (Figure 2,2.2).It1 ossible for the centre
ac centre ofgmass of a doughnut is
located at the centre of the hole. A person’s of mass 19typically in the lower
part of the back, but it will vary with the pos e arms and legs.

e), its
of mass of an

centre of mass

FIGURE 2.2.2 The centre of mass of a three-dimensional block of wood is shown with arrows drawn
in the x, y and z dimensions illustrating the lines where there is equal mass on either side of the lines.
The centre of mass of a non-uniform hammer shows that the centre of mass will be closer to the end
with a higher density than the end with the lower density.

FIGURE 2.2.1 The
example of
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A concept that is closely related to centre of mass is centre of gravity. Instead
of being a point particle whose motion equates to the whole extended body or
system, the centre of gravity is the position from which the entire weight of the
body or system is considered to act. As a consequence of this, the centre of gravity
is the position at which the body will balance. For all practical purposes, the centre
of gravity is exactly at the centre of mass. It is only when a body is so large that it
is in a non-uniform gravitational field that the centre of gravity no longer coincides
with the centre of mass.

There are three types of equilibrium related to the stability of angobj
e stable equilibrium—The object will return to its equilibriu n

when a force is applied to it, as long as the centre of mass is no Ve ide

the base of support.

* unstable equilibrium—The object will accelerate and
equilibrium position when a force is applied to it, sia
readily moved outside the base of support. g

¢ neutral equilibrium—The object will remain,_ §fationa

placed, as any force applied has no effect on theelationship between the centre

eturn to its

unstable equilibrium neutral equilibrium

sillustrating the difference between (a) stable, (b) unstable and (c) neutral

©,

gravity passes through the base of support, the object is stable. The vertical line from
e centre of gravity represents the direction of the force of gravity on the object.

tabl . .
b staple In Figure 2.2.4(a), the weight of the car passes through the car’s support base,

between the wheels. The torque acting on the car is clockwise in this case and
therefore does not cause the car to tip over. In the case of the truck, however, the
weight is directed outside the truck’s base of support, so an anticlockwise torque
acts to tip the truck over.

The stability of an object or structure can be increased in a number of ways:
* the centre of gravity is lowered
¢ the width of the support base is increased
* the angle from the centre of gravity to the edge of the base is increased.

As a result of any of these, the object has to be tipped further to make the force
of gravity act outside the support base. Racing cars have a very low centre of gravity
FIGURE 2.2.4 (a) The car on the incline is in to increase their stability when cornering at high speed. In a similar way, training

stable equilibrium, while the heavily laden truck  wheels on a child’s bicycle widen the support base, making it harder to tip the
on the same incline could topple. The weight bicvcle sidewavs
vector is outside the lower point of support for ¥ ys-.

the truck, so there is no reaction force from the These conditions also apply to objects that are supported from above. A child on
road to the higher wheel. (b) Modern four-wheel  a playground swing will be in stable equilibrium when the swing is hanging straight
drives and tractors have inclinometers to warn down. A gentle push will cause the swing to move but it will return to its original

the driver if the vehicle is in danger of tipping. position once the outside force is removed.
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If, on the other hand, the swing is raised to a significant height and held there,
then it would be in unstable equilibrium. The swing is in equilibrium only because
the forces on it are balanced while it is being held. If the holding force (say a parent’s
hands) is removed, then the swing will start to move, swinging across the point of
stable equilibrium before eventually coming to rest in a position of stable equilibrium.

TRANSLATIONAL EQUILIBRIUM

A translational equilibrium of forces occurs when the sum of the forces acting
through the centre of mass of an object add to give a zero resultant or zero net
translational force. As a net translational force causes acceleration in one direction,
a zero net translational force causes no acceleration of the object. This condition is
the defining aspect of a translational equilibrium of forces.

When analysing a situation involving more than one force acting on an object,
translational equilibrium will exist if the sum of the forces is equal to zero: ZF = 0.
This can also be written as F.; = 0.

Vector diagrams of an equilibrium of forces in
one dimension

Vector diagrams can be drawn of the forces applied to an object when they are actin
in one dimension. For example, if three people are pulling to the right and three
people are pulling to the left in a game of tug of war, as shown in Figure 2.2.5, then
the forces are all in one dimension: left and right. You can add these force
vector diagram by drawing all the forces from each person head to tail, as
in Chapter 2 ‘Scalars and vectors’ in the Year 11 student book. If thestilg o

in translational equilibrium, then all the forces should add to give a @ orce.

Calculating an equilibrium of forces in one dimension

Whether a situation is in translational equilibrium or not can be determined using
a consistent sign convention to represent the direction of the force vectors in one
dimension. Typically, in the x-dimension, left is treated as negative and right as positive;
similarly in the y-dimension, up is treated as positive and down as negative. In the
z-dimension, forwards is positive and backwards is negative. By applying a consistent
sign convention to the forces acting on an object, the addition of those forces, with
their signs, will give a vector sum of zero if the situation is in translational equilibrium.

CHAPTER 2 | EQUILIBRIUM OF FORCES
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That is:

0 2F, left-right = 0
2F, up—down = 0

ZForwards-backwards = 0

Worked example 2.2.1

CALCULATING TRANSLATIONAL EQUILIBRIUM IN ONE DIMENSI

is an upward force from the left bank on the plank of 725
translational equilibrium, calculate the force of the righ
Use g = 9.80Nkg! when answering this question.

Three students are standing on a plank that is bridging a small st Th
plank is supported at each end by the ground. The plank has a

Working

S involved and
ions in their

my =40.0kg

m, = 30.0kg

m3 = 35.0kg

mp = 25.0kg
Flg=725N up
g=9.80Nkg! down

Apply a sign convention to the vector
data.

FLB =+725N
g=-9.80Nkg!

The object experiencing translational
equilibrium is the plank.

Z'l:up—down =0

Expand the equation to include each
of the forces acting on the plank.

F1+F2+F3+FWP+F|_B+FRB=O
mig+mog+msg+mpg+ Flg+ Frg=0

Substitute the data into the equation
and solve for the unknown.

(40.0)(=9.80) + (30.0)(-9.80) + (35.0)
(-9.80) + (25.0(-9.80) + (725) +

FRB =0

(-392) + (~294) + (—343) + (~245) +
(725) + FrRg =0

-549 + FRB =0

FRB =+549

State the answer to the appropriate
number of significant figures and with
the appropriate direction.

FRB=54‘9N up




Worked example: Try yourself 2.2.1
CALCULATING TRANSLATIONAL EQUILIBRIUM IN ONE DIMENSION

Three cars are parked on a beam bridge that has a mass of 525kg. Pillar

X applies a force of 2.00 x 104N upwards. If the situation is in translational
equilibrium, calculate the force provided by pillar Y. Use g = 9.80Nkg™! when
answering this question. Car 1 (C,) is red; car 2 (C,) is blue; car 3 (C3) is
light green.

1110 kg 1570 kg 1920 kg
oy ¢l
() () —
\ | /
525 kg
X Y

SOLVING EQUILIBRIUM IN TWO DIMENSIONS

If the forces involved in the equilibrium situation are in two dimensions, a
two strategies for determining if the sum of the forces is zero: using v
or vector components.

Vector diagrams

You can draw vector diagrams in which vectors are add dimensions.
This was covered in Chapter 2 ‘Scalars and vectors’ in ght dent book. In
head to tail with the
of the last vector. In a

end up with the head of the last vector finigh
means that the vector addition diagram for
no net force (Figure 2.2.6).

F

1

FIGURE 2.2. diagram on the left shows three vectors added head to tail and the resultant
net force i
of forces,

Vecto™Components

A vector diagram that results in a closed loop fulfils the conditions of a translational
equilibrium of forces. If the three forces form a right triangle, you can use Pythagoras’
theorem and trigonometry to determine the magnitude and direction of a third force
that will be in equilibrium with two other forces. If the three forces are in any other
triangle, then the unknown force can be found using the sine law or the cosine law,
which is a more complex method. However, there is an easier approach that involves
determining the components of the forces in two perpendicular dimensions. These
force components are then added in each of their dimensions, which results in two

CHAPTER 2 | EQUILIBRIUM OF FORCES

47




perpendicular resultant vectors that can be added using Pythagoras’ theorem and
trigonometry (Figure 2.2.7).

st equal zero,
b equal zero.

and the sum of the y-axis (vertical or up—down) forces
o

XF. X_axis = 0 or 2F, vertical = 0 Fleft—right =0
EFY ayis =0 2 Forizontal = 2F, up—down = 0
To draw a vector diagram (Figure 2.2.8
e identify all of the forces that apply (e.g. ten avitational force)
* draw the vectors for each force s tely an rk all known angles
* reposition the vectors so they a tail, adding all of the forces together.
F TL, F. TR TL F TR
40° 0 40° 40°

F, F,

WP WP

\J

ed example 2.2.2
\ ALCULATING TRANSLATIONAL EQUILIBRIUM IN TWO DIMENSIONS

An advertising sign is hung by two cables to the ceiling of a shop. The sign has a
mass of 45.0kg and the cables are at an angle of 30.0° to the vertical as shown
in the image below. If the mass of the cables is ignored, calculate the tension

in each cable when the sign is suspended. Use g = 9.80Nkg! when answering
this question.

L 30.0° 30.0° —

GRAND OPENING
SALE

TODAY
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Thinking

Working

Construct a vector diagram adding all
of the forces together.

T
30.0°

30.07

Fws is the weight of the sign, Fr_is the
tension of the left cable and Fy is the
tension of the right cable.

and Fy are equa

Apply left and right components and F,
up and down components. F =0
FTL
FLV
30.0°
FWS
30.09
FT
In the horizontal dimension, Fy is in "
equilibrium with Fgp. -
FRH
In the vertical dimension, Fysg is in Foo
equilibrium with Fy and Fgy. e
FLV
FWS
L 4
\ Foy
\/
Apply the equatio nal 2Fup-down = 0
equilibrium in o e@sion. Fry Frv = Fuy

Fws + Frv + Fly=0
msg+FRv+FRV=O

the data into the equation
and solve for the unknown.

(45.0)(—9.80) + 2Fgy = O

—-441 + 2FRV =0
441
L

Fry = Fly = 220.5N
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Draw the right triangle with one of the N
vertical components of the tension and
the angle.
FTL FLV
RS
30.0°

Use trigonometry to solve for the 0 - Fv
tension in one of the cables, which cosu = E
will equal the tension in the other E
cable. Present your answer to the Frp=——
appropriate number of significant coso
figures. Fo- (220.5)

™ cos(3

FrL=Frr

Worked example: Try yourself 2.2.2

WO DIMENSIONS

g lifted by cables labelled 1 and 2, as

5 upwards with a constant velocity of

cab and cable 2. Ignore the mass of the
nswering this question.

shown in the diagram. The be
2.00ms™L. Calculate the te
cables and use g =9.80N

60.0°

cable 1 cable 2

60.0° 60.0°

represented mathematically as £F = 0.

» Translational equilibrium in two dimensions can
be represented mathematically as £Fx = 0 and
SFy=0.
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ional equilibrium in one dimension can be * In two dimensions, an equilibrium of forces can be

represented in a closed vector diagram.

By calculating x and y components of the forces
in equilibrium, the forces in equilibrium in each
dimension can be found.



KEY QUESTIONS

1 Select the correct statement explaining when

translational equilibrium occurs.

A A net force acts through the centre of mass and
causes no acceleration.

B A net force acts through the centre of mass and
causes an acceleration.

C No net force acts through the centre of mass
resulting in an acceleration.

D No net force acts through the centre of mass and
so there is no acceleration.

2 An object is in translational equilibrium. Which of the

following statements applies?

A The object must be stationary.

B The object must be moving at constant velocity.

C The object must be experiencing translational
acceleration.

D The object must not be experiencing translational
acceleration.

3 Astring supports a birdfeeder that has a mass of
355g. If the birdfeeder is in translational equilibrium,
calculate the tension in the string supporting the
birdfeeder.

E 4 Calculate the mass of a pendulum bob that hangs
' stationary from a chain when the tension in the chain
' is 7.50N.

1 5 Achef wants to make sure that the wire cables
. attached to each end of a kitchen rail W
. hold the weight of the rail, two tools a
, that must hang from it. The mass of the
. the mass of each tool is 345g and

be able t

w w cleaners working on the windows of a
ise building work on a platform suspended by
ables. Tom has a mass of 79.0kg, Jack has a

mass of 68.0kg and the mass of the platform is 225kg.

The platform is moving down the side of the building
at a constant speed and all cables provide the same
tension. Calculate the tension in one of the cables.

7 A shopping trolley is pushed in different directions by
three children. The force vectors of two of the children

8

10

are shown in the diagram. Draw the force vector from
the third child that would cause the shopping trolley
to be in translational equilibrium.

o
o0
|

F (N north)
o
T

A bowling alley
suspending a 112k

promote its business by
ibreglass bowling ball on a

sion before breaking. Cable A is at an
60.0° to the horizontal frame member and
perpendicular to the vertical frame member.
5 the mass of the cables is negligible,

Iculate the tension in cable A and in cable B.

60.0°

A

e

A picture is hung on a wall as shown in the diagram
below. If the hanging wire is capable of supporting a
maximum force of 40.0N, what is the maximum mass of
the picture that can be supported before the wire snaps?

40.0°_40.0°

A street performer stands on a rope tied between two
posts. When the performer is standing at the centre,
the rope makes an angle of 10.0° to the horizontal.
Assuming the mass of the rope is negligible and

that the mass of the performer is 75.0kg, calculate
the tension in the rope. Give your answer to three
significant figures.

B O
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FIGURE 2.3.1 When a cyclist doesn’t need
to pedal, they can stand on both pedals with
equal force. This causes an equal torque in
the clockwise and anticlockwise directions.
The pedals are in rotational equilibrium.

52
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2.3 Static equilibrium

Objects are in translational equilibrium when the sum of the forces acting through
their centre of mass equals zero. However, not all forces act through the centre of
mass of an object; some forces may act in ways that generate torque or moment on an
object. In order for an object to be in rotational equilibrium, the sum of the moments
in a clockwise direction must balance the sum of the moments in an anticlockwise
direction (Figure 2.3.1). This relationship is called the principle of mo ts.

By combining the conditions for translational equilibriumf{a al
equilibrium, an object can be made to be in a state of static eq riu tic
equilibrium will be explored in more detail in this section.

ROTATIONAL EQUILIBRIUM

A rotational equilibrium of torque or moments occu
when the sum of all the torques acting on an object i
equal to the sum of all the torques acting in the ant¢lock

When analysing a situation involving more tha torque acting on an object,
the principle of moments can be said to appl otational equilibrium exists, or
the sum of the torques about a reference por al to zero. That is:

0 27=0

This is also represented as:
ZTeiockwise = & Tanticlockwise
Figure 2.3.2 illus sJof a boat that are in rotational equilibrium
around their base of sup

rence point
kwise direction is
ection.

FIGURE 2.3.2 To keep each mast in rotational equilibrium relative to its base, the stainless-steel
cables (stays) attached to it must provide opposing torques on the mast.

When the sum of the torques is not balanced, however, the object will experience
an unbalanced torque and will rotate about the reference point.

CONDITIONS FOR STATIC EQUILIBRIUM

When a body or a system is not accelerating or rotating, it must be in both
translational and rotational equilibrium. This situation satisfies the conditions for
static equilibrium, which can be represented by:

© sr-o0andzr=0
This can also be shown as:

Fx=0
ZFy=0

z:Tclockwise = z:'z'-anticlockwise



Worked example 2.3.1
CALCULATING STATIC EQUILIBRIUM

Two young children make a seesaw with a long plank. The boy sits on the
seesaw 1.50m from the pivot. The masses of the boy and the girl are 20.0kg
and 30.0kg respectively. Assume that the mass of the plank is negligible. Use
g =9.80Nkg! in your calculations where required.

F,=?

N

are sitting on the seesaw.

a Calculate the force applied to the plank by the pivot point when the children

force data.

Thinking Working

Identify the variables involved and mg=30.0kg

state them with directions in their my, = 20.0kg
standard form. g=9.80Nkg! down
Apply a sign convention to the vector g=-9.80Nkg!

Identify the object that is in translational
equilibrium. This is the object on which
all the forces are acting.

—

The object experiengi
equilibrium is the pla

Apply the equation for translational
equilibrium in one dimension.

Expand the equation to include each
of the forces acting on the plank.

Substitute the data into the equation
and solve for the unknown.

980) + (20.0)(-9.80) + Fp, =0
(-196) + Fp =0
(-490)+ Fp=0

=+490

State the answer to the a
number of significant fi
the appropriate directi

Fo=4.90 x 102N up

o sit in order to balance the boy.

Working

mg=30.0kg
my, = 20.0kg
rp=150m
g=9.80Nkg!

e object that is in rotational
equilibrium. This is the object on
which all the torques are acting.

The object experiencing rotational
equilibrium is the seesaw.

Identify the reference point about
which the torques will be calculated.

The reference point is the pivot of the
seesaw.

Decide which force causes the
clockwise torque and which force
causes the anticlockwise torque

around the chosen reference point.

The force of the girl on the seesaw
provides the clockwise torque. The
force of the boy on the seesaw

provides the anticlockwise torque.
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Apply the equation for rotational T Telockwise = = Tanticlockwise
equilibrium.

Expand the equation to include each Fwgl1g = Fwol b
of the torques acting on the seesaw.

Substitute the data into the equation Fwrig = Fwblip

and solve for the unknpwn. State the M8 g = MpSr 1

answer to the appropriate number of (30.0)(9.80)r,., = (20.0)(9.80)(1
significant figures. 20 O)(9LZO)(1 50)

€ (30.0)(9.80)
re=100m

Worked example: Try yourself 2.3.1
CALCULATING STATIC EQUILIBRIUM

ass of gold when
it is larger than the standard set of masses. Agl old weighing 185g is
placed on the short arm, which is 10.0cm l@ di\the standard masses are
placed on the long arm. Use g = 9.80Nkg! our/€alculations where required.
Give your answers to three significant figures.

e force applied to the scale’s arm due to the pivot point if a
ass of 50.0g exactly balances the gold.

ulate the length the long arm should have in order to balance the gold.

2
In Worked example 2.3.1, the seesaw is in equilibrium because all the forces and
torques are balanced. In solving the problem, it seemed obvious to choose the pivot

as the reference point around which the torques are determined. But because the
seesaw plank is in equilibrium, any point could have been chosen as the reference
point. For example, you could take the reference point to be where the girl is sitting
(Figure 2.3.3), meaning that the torques acting on the plank would be due to the
boy and to the seesaw pivot point. The torque due to the girl becomes zero, as the
lever arm distance for her will be zero. The solutions to the questions in the Worked
example will still be the same for this reference point.
F, =490 N

! -—1.0m——

F, =196N F, =294N

by girl

FIGURE 2.3.3 A force diagram for the seesaw problem from Worked example 2.3.1, showing that the
point at which the girl sits (labelled X) has been chosen as the reference point.
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Thus, the boy will create an anticlockwise torque around the girl, while the normal
force at the pivot for the seesaw creates an equal clockwise torque around her. In
the following Worked example, it can be verified that the seesaw is in rotational
equilibrium by calculating the torques around the position of the girl. The plank will
be in rotational equilibrium if the clockwise torque equals the anticlockwise torque.

Worked example 2.3.2
CALCULATING STATIC EQUILIBRIUM USING A DIFFERENT REFERENCE POINT

Verify that the seesaw plank in the image below is in rotational equilibrium
about the reference point X, where the girl is sitting. The weights of the boy and
girl are 196N and 294 N respectively, and the force of the pivot on the plank is
490N upwards. Assume that the mass of the plank is negligible.

! F =490N

«——150m

F_=294N

girl

F,, =196 N
Here, the point at which the girl is sitting (labelled X) has been chosen as
reference point. The force due to the boy acts downwards on the pla n e
force due to the pivot point acts upwards on the plank.

Thinking Working

Identify the variables involved and Fp=490N

state them in their standard form. Fg=294N
Fp, =196

Identify the object that is in rotational
equilibrium. This is the object on
which all the torques are acting.

e reference point is the position of

Identify the reference poin&b Ut
ula the girl at X.

which the torques will bé

Decide which force caus
clockwise torque and w
causes the anticlo,

The force of the pivot on the plank
provides the clockwise torque. The
force of the boy on the plank provides

around the chos rence point. the anticlockwise torque.
Apply the [ ational ZTeiockwise = X Tanticlockwise
equilibri

ation to include each Ferip=Fprip
s acting on the seesaw.
e girl's torque is not

ere as, being the reference
point, her torque is zero.

Substitute the data into the equation Ferip=Forip
and solve. (490)(1.00) = (196)(2.50)
490 = 490
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Identify the magnitude of the clockwise | Around reference point X (the position
torque compared to the magnitude of | of the girl), the clockwise torque due
the anticlockwise torque. to the pivot point on the plank is equal
to the anticlockwise torque due to the
boy on the plank. So, the plank is in
rotational equilibrium.

Worked example: Try yourself 2.3.2
CALCULATING STATIC EQUILIBRIUM USING A DIFFERENT REFE

girl are 196N and 294 N respectively, and the force of the pi
490N upwards. Assume that the plank’s mass is negligi

Fy=490N

STATIC EQUILIB WO UNKNOWN FORCES

The seesaw problem ij ely sgraightforward since in each situation there is only
one unknown force. are two unknown forces, the reference point can be
chosen to coing oiic of the forces. Using this strategy means that the force
acting at the refe point contributes no torque (since r = 0). The remaining
unkn@ n be found using the relationship Z 7 oqwise = 2 Tanticlockwises> &S

ample 2.3.3.

ATING STATIC EQUILIBRIUM WITH TWO UNKNOWNS

.Okg painter stands 4.00m from the end of a 6.00m long plank that is
upported by a rope at each end. The plank has a mass of 20.0kg. Determine
the tension on the left-hand rope (F;). Use g = 9.80Nkg™! in your calculations
where required.

4.00 m

Fg = (plank) F, = (painter)




Thinking

Working

Identify the variables involved and
state them in their standard form.

mp = 20.0kg
Mpa = 70.0kg
MFy-Fy= 6.00m

Fie s, =3.00m
Fipa s, = 2.00m
g=9.80Nkg!

Identify the object that is in rotational
equilibrium. This is the object on
which all the torques are acting.

The object experiencing rotational
equilibrium is the plank.

Identify the reference point about
which the torques will be calculated.

Always choose a point at which one
of the unknown forces acts in order
to form an equation with just one
unknown variable. This avoids the

need to solve simultaneous equations.

The reference point is the point at
which the rope providing the tension
force Fy, is attached.

Decide which force causes the
clockwise torques and which forces
cause the anticlockwise torques
around the chosen reference point.

The tension force of the left-hand rope
on the plank provides the clock
torque. The force of the painter
the plank provides an anticlg

torque.

Apply the equation for rotational
equilibrium.

ZTeiockwise = X Tagticlock

Expand the equation to include each
of the torques acting on the plank.

The torque of the right-hand rope is
not included as it acts through the
reference point.

Substitute the data into the e io
and solve for the unknown‘)rc

N\

F palLpa-F,

+ Mpa8lipa-r,

.00) = (20.0)(9.80)(3.00)

+(70)(9.80)(2.00)
£ _ (196)(3.00) + (686)(2.00)
" (6.00)
~(588) + (1372)
b (6.00)
F, =326.67
Fiy = 327N

yourself 2.3.3

ATIC EQUILIBRIUM WITH TWO UNKNOWNS

tension on the right-hand rope (F;»).

inter on the plank scenario in Worked example 2.3.3, determine the

Another way to determine the second unknown force is to apply the conditions

for translational equilibrium. You can check these values:
2F = 0: the sum of the two upward forces (tensions) 555N + 327N = 882 N.
This balances the sum of the two downward forces: 196 N + 686 N = 882 N.
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OTHER STATIC EQUILIBRIUM SCENARIOS

The balanced seesaw and the supported plank are just two of many situations in
which static equilibrium can occur. Other conditions in which static equilibrium
exists include the following scenarios.

Cantilevers

A beam that extends beyond its support structure is called a cantilever. Cantilevers
are common structural elements. For example, the diving board at the lo ool is
a cantilever.

A cantilever bridge might be used to span a river or valley (Figu

The cantilever beams are then joined at the centre of each sp3
pillars are not affected by joining the beams; they remain th
be if the beams were not connected. All the support fo
by pillars.

Other structures involving cantilevers includé’ shi
footpath outside shops and the wings of a plane

awnings over the

Tf\

FIGURE 2.3.4 Each
No added suppor;

| PHYSICS IN ACTION|
Cantilever I‘UIEI;

+ Is it possible to support a
one finger is not in the g

ith fingers when
ruler? Try this
A smaller ruler will do

downward force from the ruler on each finger will vary
depending upon its position, and the friction between

experiment using a 1-
if that is all that i i
Place your inde

ruler to su wn in Figure 2.3.5
Move y owards each other to find the centre
of m

ine where you need to place your left hand
e placed at a point that is less than the 50cm
mark.

You will find that, regardless of where you start and
provided that the ruler is balanced, your fingers will
come together at the centre of mass of the ruler. The

UNIT 3 | GRAVITY AND RELATIVITY

finger and ruler will vary as a result of the change in that
downward force. The result is that both fingers will end
up on either side of the centre of mass.

o

Centre of mass

1

FIGURE 3.3.5 Finding the centre of mass of a ruler with your fingers.




When the centre of mass of a beam is not directly above a support, the force due
to gravity acting on the centre of mass will create a torque that must be factored
into the conditions of rotational equilibrium. In this case, two supports are usually
required: one providing an upward force on the beam and the other providing a
downward force on the beam.

Figure 2.3.6 shows a swimming pool diving board with one support applying
an upward force on the board and the other support, the metal strap, applying a
downward force on the board. A diving board must have a downward force on the
fixed end of the board to create an opposing torque to the torque provided by the
force due to gravity acting on the board.

Worked example 2.3.4
CALCULATING THE STATIC EQUILIBRIUM OF A CANTILEVER

A uniform cantilever beam 18.0m long is used as a viewing platform. It extends
10.0m beyond two supports that are 8.00 m apart. The beam has a mass of
30.0kg. Determine the magnitude and direction of the force that the right-hand
support must supply so that the beam is in static equilibrium.

a «—8.00m—r<—10.0m b F,

o)

<—r2 = 800 1’I1—>:

<1y =9.00m

Fl
Thinking Working
Identify the variables involved and m, = 30.0kg
state them in their standard form. rir,r =8

=9.00

Identify the object that is in rotational
equilibrium. This is the object upon m is the beam.
which all the torques are acting.

Identify the reference pointggba reference point is the point at
which the torques will bgycalatslat which the support providing the force
Fy is attached.

The force of the right-hand support on
the beam provides the anticlockwise
torque. The force of gravity on the
beam provides the clockwise torque.

z:”'-t:lockwis,e = z:”'-anticlockwise

Forie-r, = Falir, r,

of the torques acting on the beam.

The torque of the left-hand support
is not included, as it acts through the
reference point.

Downwards force
Centre of mass due to metal strap

@-‘ 2.3.6 A diving board showing that
al strap is needed to provide the

dowmward force on the fixed end of the
board.
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Substitute the data into the equation
and solve for the unknown.

(30.0)(9.80)(9.00) = F, (8.00)

£ _ (30.0)(9.80)(9.00)
2 (8.00)
_ (2646)
27 (8.00)
F, =330.75

State the direction of the force acting
on the object in equilibrium and
present to the appropriate number of
significant figures with the appropriate
units.

The force of 331 N is upwards he
beam.

Worked example: Try yourself 2.3.4

CALCULATING THE STATIC EQUILIBRIUM OF A CAN{I @

a

b F

-—8.00m — 10.0 m

)
=8.00 m—»|
o o =000 m=l m=300kg

1 Fg

a

strut

FIGURE 2.3.7 (a) A strut helps to support a cantilevered beam and is under compression. (b) A tie
helps to support a fold-out shelf and is under tension.




Worked example 2.3.5

CALCULATING THE STATIC EQUILIBRIUM OF A CANTILEVER
SUPPORTED BY A TIE

A sign of mass 10.0kg is suspended from the end of a uniform 2.00m long
cantilevered beam. The other end of the beam is attached to the wall by a hinge
labelled h. The beam has a mass of 25.0kg and is further supported by a wire
tie that makes an angle of 30.0° to the beam. The wire is attached to the beam
at a point 1.50m from the wall. Use g = 9.80Nkg! and ignore the mass of the
wire for these calculations.

30.0°

150 m |

@D

-—20m ——
Calculate the tension (Fy) in the wire that is supporting the beam.

Thinking Working

Identify the variables involved and my, = 25.0kg
state them in their standard form. m. = 10.0kg

INp-h = 1.00m
len= 2.00
rlw_h = 1.5

Identify the object that is in rotational ject experi@pcing rotational
equilibrium. This is the object on is the beam.
which all the torques are acting.

Identify the reference point about
which the torques will be c&lc
Choose the point at whic
unknown force acts to e
from the equation.

2 reference point is the hinge (h)
hich the beam is connected to

e wall. As the unknown reactionary
force at the hinge passes through this
reference point, it does not need to be
considered.

The force of the wire tie on the beam
hich forces | provides the anticlockwise torque. The
es around force of gravity on the beam provides
one clockwise torque. The force of
gravity on the sign provides another
clockwise torque.

Decide which for
anticlockwise tor
cause the clog

ZTciockwise = X Tanticlockwise

Expand the equation to include each Forip-n + Fsrisoh = Ful iw-n
of the torques acting on the beam.

Substitute the data into the equation Iw-h = Fw-h SIN(30°)

to solve for the perpendicular I = 1.50 x sin (30°)

distances from the force arm to the

line of action of the force. Fiwn=0.750m
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Substitute the data into the equation (25.0)(9.80)(1.00) + (10.0)(9.80)(2.00) =

and solve for the unknown force. F; (0.750)
Present your answer with the correct (245) + (196)
units and to the correct number of Fo= (0.750)
significant figures. a1

7 (0.750)

F, =588.00

F, = 588N

Worked example: Try yourself 2.3.5

CALCULATING THE STATIC EQUILIBRIUM OF A C
SUPPORTED BY A TIE

A uniform 5.00kg beam, 1.80m long, exten@
supported by a wire tie that is attached to the®
an angle of 45.0°.

e side of a building and is
1.20m from a hinge (h) at

<—120m—>

ate the tension (F) in the wire that is supporting the beam.

alc

jlibrium occurs when an object * In calculations of static equilibrium, the reference .

ces translational equilibrium and point is the point about which the torques act. E

rotational equilibrium. « In calculations of static equilibrium with two !

» Static equilibrium can be represented unknown forces, the reference point can be placed !
mathematically as F = 0 and 27 = 0. at the point at which one of the unknown forces :

« Rotational equilibrium is best represented acts. This eliminates any torque due to this force, .
mathematically as Z7gockwise = 2 Tanticlockwise- as the distance from the force to the reference .
point is zero. .
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KEY QUESTIONS

1 Select the correct statement describing the
requirements for an object to be in rotational
equilibrium.

A A net torque acts about the reference point and
rotation does not occur.

B A net torque acts about the reference point and
rotation occurs.

C No net torque acts about the reference point and
the rate of rotation does not increase.

D No net torque acts about the reference point and
the rate of rotation increases.

2 An adult of mass 75.0kg sits on a seesaw at a
playground with a 25.0kg child sitting 2.25m from the
pivot point on the other side from the adult. Calculate
how far from the pivot the adult must sit for the
seesaw to remain balanced and horizontal.

3 Select the statement that correctly describes an object

in static equilibrium.

A The object experiences rotational equilibrium, but
not translational equilibrium.

B The object experiences rotational equilibrium and
translational equilibrium.

C The object experiences neither rotational
equilibrium nor translational equilibrium.

D The object experiences translational equilibrj
but not rotational equilibrium.

4 An adult of mass 90.0 kg sits on a seese
playground with two 20.0kg children.
sitting 1.50m from the pivot point a
sitting 2.50m from the pivot poj
side from the adult. Calculate
the adult must sit for the S or
and horizontal.

5 The end post of a vi
by a backstay tha
angle of 60.0° to t

om the pivot
ain balanced

ellis*s held in position
nsion of 875N at an
tal. The geometry of the

situation is diagram below.
85N 1.00 m
85.0 cm
60°
X

Using the base of the post, X, as the pivot point,
determine the size of the tension in the vineyard trellis
wire, F.

6 A makeshift shelf is used in a bakery to store sacks of
flour. The shelf is constructed using a 10.0m beam
with a mass of 50.0kg, with one support positioned
at each end. The shelf holds sacks of mass 105kg,
145kg and 215 kg at the positions shown in figure
below. Calculate the forces on the beafit dug'to eft
and right supports.

3.00 m

4.00 m

The following informaifornap to questions 7-9.

A 4.00m cantileve @ ing is constructed on the
roof of a shop so thatYysh@des the front. The awning has
a mass of 928k

1.80 m ——

shop roof

7 Determine the force supplied by column Y on the
awning (Fy).

8 Determine the direction in which Fy acts on the
awning.

9 Determine the force supplied by column X on the
awning (Fy).
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Chapter review

KEY TERMS

axis of rotation line of action
base neutral equilibrium
cantilever pivot point

centre of gravity
centre of mass
component
force arm

principle of moments
reference point
rotational equilibrium
stable equilibrium

Use g = 9.80ms= to answer the following questions.
1 Which of the options best completes the following
statement about torque?
‘When a force acts such that the line of action of
the force is directed through the pivot point of the
object, ...
A a torque will result
B a torque will result only if the applied force is
greater than the weight of the pivot point
C a torque will result only if the weight of the pivot
point is greater than the applied force
D no torque will result
2 Tom is riding his skateboard and is in a state of
translational equilibrium. Select the correct stateme
regarding Tom’s motion.
A He must be decelerating.
B He must be maintaining a constant velo,
C He must be experiencing a translation
acceleration.

D He must be experiencing a rota eleration.
3 Acyclist is coasting dowr@ ecgeasing
velocity while standingon't Is. ich one or

more of the following o tSUSIN
A the rear wheel
B the front wheel
C the front co

D the cyclist s g

¢ equilibrium?

the pedals
the pedals

lever-type door handle with
iven that the length of the handle

signalman is responsible for pushing levers
that ve train tracks, which switches a train from one
line to another. Calculate the torque on the axle at the
bottom of a 1.35m lever if a 74.0N force acts at an
angle of 60.0° to the lever.

UNIT 3 | GRAVITY AND RELATIVITY

static equilibrium
torque

translational equilibrium
unstable equilibrium
vector diagram

a s two wheel spanners
in the boot of her car. @ spanner is 15.0cm long,
the other is 75.0cm long.
the wheelgputs with a minimum

hich wheel spanner should the

lain.

7 Inorderto
amount o ,
elect?

snum force that the woman can apply is
ine the maximum torque that can be
ed to @wheel nut.
ollowing situations, a torque is acting. In each
, identify the axis of rotation or pivot point about
which the torque acts and estimate the length of the
lever arm.
a A garden tap is turned on.
b A wheelbarrow is lifted by the handles.
¢ An object is picked up with a pair of tweezers.
d A screwdriver is used to lever open a tin of paint.
The following information applies to questions 10 and 11.
A crane with a horizontal lever arm is lifting a concrete
wall of mass 2.50 tonnes. The load is 20.0m from the axis
of rotation.
10 Calculate the torque created by this load.
11 What stops the crane from toppling over as a result of
this torque?
12 Which of the following are in translational equilibrium?
More than one correct answer is possible.
A a stationary elevator
B an elevator going up with constant velocity
C an aeroplane during take-off
D a container ship sailing with constant velocity
E a car plummeting off a cliff



The following information applies to questions 13 and 14.
A concrete beam of mass 1540kg is being lifted by steel
cables, as shown in the diagram.

cable 1 cable 2

1540 kg

The beam is moving upwards with a constant velocity of
2.00ms L. Ignore the mass of the cable.

13 Draw a force diagram showing all the forces acting on
the beam.

14 Calculate the tension in cable 1 and cable 2. Show
your answer in kN.

15 Three cars are crossing a beam bridge of mass 525 kg
in a single line. At one instant, the left pillar (X) is
providing a force of 2.00 x 10*N upwards. What is the
size and direction of the force exerted by pillar Y,
this instant?

995kg 1490 kg

16 A dining tabletop, (
® is 4.50kg of food. If the

table is statj legs all provide the same
support, ¢ e force each leg would be exerting
on th |

17 A climber of mass of 86.5 kg is hanging from a rope
half-way up a rock wall. Calculate the tension force
provided by the rope in order for the climber to be in
translational equilibrium.

18 A 12.5kg sign is hung between two poles by two
cables of negligible mass, as shown in the diagram
below. The sign is in translational equilibrium

i8 to be suspended above her bed from
tached to the ceiling. The toy is made from
g aluminium rod of mass 10.0g, with a
pdel of the Sun hanging at one end of the rod
225 g model of the Earth hanging at the other
4 ulate how far from the Sun, in centimetres,
he ceiling attachment string needs to be tied to the
bar, so that the whole toy is in static equilibrium.

19 A chil
a siri
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CHAPTER

1 Practical investigation

This chapter covers most of the skills needed to successfully plan and conduct a
practical investigation.

Section 1.1 is a guide to designing and planning an investigation, including how to
write a hypothesis, and how to identify the variables. It explains validity, reliability,
precision and accuracy, to assist in planning an investigation appropriately.

Section 1.2 is a guide to conducting investigations. It describes methods fo,
accurately collecting and recording data to uncertainty errors. It explores | @ g
data using tables and graphs, to aid in selecting the most appropriatg for 0
presenting the results.

iallyyquite daunting, but
into manageable steps.

Here are some steps that will need to be co

which the investigation is based.
nswer, and formulate a hypothesis.

nfopportunity to communicate the investigation process and your conclusions.)
of these tasks are larger and will require more time than others. Many will

overlap. Plan a realistic approach, consult with teachers to establish school-based -

time constraints and fix dates for the completion of each task. Allow time for

reflection and to review your earlier work.

e & .




Science Inquiry Skills

« identify, research and construct questions for investigation; propose hypotheses;
and predict possible outcomes
design investigations, including the procedure to be followed, the materials
required, and the type and amount of primary and/or secondary data to be
collected; conduct risk assessments; and consider research ethics
conduct practical work, including the manipulation of devices, safely, competently
and methodically for the collection of valid and reliable data
Represent data in meaningful and useful ways, including using appropriate
Systeme Internationale (Sl) units and symbols, and significant figures
organise and analyse data to identify trends, patterns and relationships
identify sources of random and systematic uncertainty and estimate the @
on measurement results
state absolute uncertainties in values and calculate percentage inty where
appropriate
combine uncertainties in calculations to determine the overa
measurement (addition, subtraction, multiplication and division
identify anomalous data and calculate the percenta
experimental results and a currently accepted valu
clusions
ses and conclusions by

arguments
select, construct and use appropu

systems, to solve prof d make predictions
X ercepts of linear graphs to physical quantities
nalysis to determine the appropriate units for calculated
nt in a graph
rs to represent the uncertainty in a value on a graph and take

u hen sketching a line of best fit

te to specific audiences and for specific purposes using appropriate
and nomenclature

linear and non-linear % and algeBraic relationships representing physical

hool Curriculum and Standards Authority. (2023). Physics ATAR course Year 12 Syllabus for teaching from 2025.




1.1 Designing and planning the
investigation

Taking the time to carefully plan and design a practical investigation before you
begin will help you to maintain a clear and concise focus throughout. Preparation
is essential. Ensure you understand the theory behind the investigation and prepare
a detailed plan for the practical components of the investigation. This section is a
guide to some of the key steps that should be taken when planning and designing a
practical investigation (Figure 1.1.1).

DETERMINING THE TYPE OF INVESTIGATION

In your course, you will be expected to prepare a portfolio of the practical work
you have undertaken across the range of physics areas studied. This portfolio will
include evidence of a variety of science inquiry skills, including experimental design
and the communication and evaluation of scientific data.

Several types of research methods are used in science. Physics investigations
typically fall into two methodologies:
¢ analysing the slope of a linear graph
¢ determining the relationship between two continuous variables.

From your research on the topic you are investigating you may find e
is a mathematical relationship between the variables that you are explorin
be possible to use your algebra skills to write the mathematical relations
form of a linear equation, y = mx + ¢, where y is the dependent vari %

independent variable. A graph of the y and x variables will res
with a slope equal to a constant, m, or collection of cons
value of the slope to these constants some meaningful analysi

of a metal.

If, in your research, you find that there is
then you can investigate to determine what
your variables, you may find that the relati
exponential or even inverse squared. An

calibration curve, which can be use values of the dependent variable

given particular values of the i vagiable.

DEVELOPING RES IONS AND AIMS,
FORMULATING HY AND IDENTIFYING
VARIABLES

The research que hypothesis are interlinked. It is important to note

that each of these e fefined as the planning of the investigation continues.
Formul estion

A resea stions a question that comes from an inquiring mind. When you are
actively 1 in developing your scientific understanding you will want to know
wha ffect a variable, or what is the relationship between two variables.
The re question poses the question that the investigation seeks to answer. For

example: What is the relationship between voltage and current?

Before formulating a question, it is good practice to conduct a literature review of
the topic to be investigated. You should become familiar with the relevant scientific
concepts and key terms.

During this review, write down questions, correlations or equations as they arise.

Compile a list of possible ideas. Do not reject ideas that initially might seem
impossible. Use these ideas to generate questions that are answerable.
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suufl.l”l]

= Neasuae
CHEMIST
£ST - SOLUTION
EASUREMENT:
Hessume Wﬁif

HEALTH

METHOD:-

SR
REFLECTION

2% METHOD
XPERIMENT SOLUTION

ANALYSIS EXPERIMENT

Eesearc ANALYSIS:
MEDIcAL buuser PHARMACEUTICAL s
Eouc umh e uuum

Telt SHYPOTHESIS - |

nm:'l-'-m [ UI nmnmwsv
DA TA mscmgav""-r MEpiciL
mﬂm“‘lEARN M[]IJERNRESEARBH'“""lmnmI

[ Dlll
lmm ";L':, lmuB

ltllu 3 . CHEMISTRY REABIIUN Tormates BIIITEEHNULDGY'“”

lml fomnucn BIOTECHROLOGY Sueee ENSICS' usm

um:mu il

llsmmsc I E N '" F I c Ri‘;i[.:;‘é; lr:u:mcv

FIGURE 1.1.1 There are many elements to

a practical investigation, which may appear
overwhelming to begin with. Taking a step-by-
step approach will help the process and assist
you in completing a worthwhile investigation.

HYN'IIIESIS EXPERIMENT
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Before constructing a hypothesis, formulate a question that needs an answer.
This question will lead to a hypothesis when:
e the question is reduced to measurable variables
¢ a prediction is made based on knowledge and experience.

Evaluating your question

Once a question has been chosen, stop to evaluate the question before progressing.
The question may need further refinement or even further investigation before it is
suitable as a basis for an achievable and worthwhile investigation. aj nning
point is to attempt something that is possible to complete in i
or with the resources on hand. It might be a little difficult to crea
complicated device with the facilities available in the school lab

To evaluate the question, consider the following:
¢ Relevance: Is the question related to the appropriate 3

e Clarity and measurability: Can the question lead tg
question cannot lead to a specific hypothesis, it
the research.

hypothesis? If the
ifficult to complete

* Time frame: Can the question be answer i easonable period of time?
Is the question too broad?

*  Knowledge and skills: Do you have a level o ledge and a level of laboratory
skills that will allow the question explore eep the question simple and
achievable.

Practicality: Are resources laboratory equipment and materials, likely

simple. Avoid investigations that require
Equipment that is more-readily available
could be used as projectiles, a tape measure

tipment.

from your teacher about the question. Their input may
Their experience may lead them to consider aspects of the

h question. For example: The aim of the experiment is to investigate the

relationship between the voltage and current in a circuit with constant resistance.
ach aim should directly relate to the variables that will be referred to in the

hypothesis. The aims do not need to include the details of the method.

Example

¢ Aim:The aim of the experiment is to investigate the relationship between mass
and acceleration, when a constant force is applied.

Hypothesis

A hypothesis is a definite statement, based on previous knowledge and evidence
or observations, that attempts to answer the research question. The hypothesis
must relate the independent and dependent variables and describe the relationship
between them. For example: Increasing the voltage supplied to a circuit with
constant resistance increases the current proportionally.
Here are some further examples of hypotheses:
e For a constant force, if the mass is increased, the acceleration is decreased as an
inverse relationship.
o If the value of the resistance of a circuit increases, the current flowing in the
circuit will decrease as an inverse relationship.



¢ Assuming no heat loss to the surroundings, the temperature rise of a fixed mass
of water is proportional to the time it is heated by a constant power source.

¢ As the height from which an object is dropped increases, the final velocity of the
object will increase as a squared relationship.

There are no wrong or right hypotheses. You might formulate a hypothesis that a
more experienced person will disagree with; however, the purpose of an investigation
is to find the answer to a research question. If the answer to the question supports your
hypothesis, then that is a positive result, as it will confirm your understanding of the
concept. On the other hand, if your investigation does not support your hypothesis, then
that is a useful result as well, as you can now say that your original understanding was
not correct and you can change your understanding to a more scientific one. Some of
you might notice that the following hypothesis will not be supported by the investigation:
e The greater the mass of a marble, the faster it will hit the ground, when dropped

from the same height.

This doesn’t mean that the hypothesis is wrong, but it may indicate that there was
some misconception that you had that was not exposed in your literature review.

Formulating a hypothesis

A good hypothesis should:
* Dbe a definite statement of the relationship

* include an independent and a dependent variable that is continuo nd
measurable

¢ be worded so that it can be tested in the experiment.

fact, only one oval-shaped apple is needed to disprove this hy
hypotheses cannot be tested by science. These include
and other subjective judgements.

Variables

A good scientific hypothesis can be tested, @d#a
through investigation. To be a testable hypothe d be possible to measure both
the change or treatment and the effect 3 appen. The factors that can be
changed, or are changed as a result o riment or investigation, are called the
variables. An experiment or ilxes ionidetermines the relationship between variables.

it can b&supported or refuted

variables:

the*variable that is changed by the researcher.
ent variable in any investigation, otherwise it

anges in the dependent variable are the result of

There are three categQ

Read the following example of a hypothesis.
If the cross-sectional area of a resistor is constant, the longer the wire, the greater the
resistance as a linear relationship.

Identify the different variables.

¢ independent variable: length of wire

¢ dependent variable: resistance of the wire

¢ controlled variables: potential difference, material of the resistor, temperature of
the resistor.

CHAPTER 1 | PRACTICAL INVESTIGATION
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Completing a table like Table 1.1.1 will assist in evaluating the question or questions.

TABLE 1.1.1 Break the question down to determine the variables.

How does the power of a kettle affect the time taken to boil water?
the power of the kettle
the time the kettle takes to boil water

mass of the water, purity of the water, starting temperat f the
water and kettle

The greater the power of a kettle, the less time it ake 1o boi
water, as an inverse relationship

Qualitative and quantitative variables
Variables are either qualitative or quantitative, with fur
Qualitative variables can be observed but
describing a light globe as bright or dim. The
or categories such as brightness, type of co

ample, brightness (Figure 1.1.2).
ed. Length, area, weight, temperature

example, the nuag @s 1m)a packet, the number of springs connected
together, or thg i

FIGURE 1.1.2 When recording qualitative data, describe in detail how each variable will be defined. For
example, if recording the brightness of light globes, light meters are a quantitative way to gather data.

WRITING THE METHODOLOGY

The methodology, or method, of your investigation is a step-by-step procedure.
When detailing the method, ensure it enables you to conduct a valid, reliable and
accurate investigation.



Validity
Validity refers to whether an experiment is in fact testing the hypothesis. Is the
investigation obtaining data that is relevant to the question, or is it flawed?

To ensure an investigation is valid, it should be designed so that only one variable
is changed at a time. The other variables must remain constant, so that meaningful
conclusions can be drawn about the effect of the independent variable alone.

To ensure validity, you must carefully determine:

* the independent variable—the variable that will be changed, and how it will
change

e the dependent variable—the variable that will be measured

* the controlled variables—the variables that must remain constant.

Reliability

Reliability refers to the idea that the experiment can be repeated many times and

will obtain consistent results. You can maintain the investigation’s reliability by:

* listing and defining the control variables and how they will be kept constant

* listing the detailed steps that you will take to conduct the experiment, describing
what you will do and how you will measure and record data

e ensuring that there are enough changes of the independent variable. Typically, five
changes over a wide range of the independent variable are considered sufficient.

* ensuring there are enough trials conducted for each value of the indg
variable. Typically, you should conduct at least three trials regped
experiment, then average the three measurements. This reduce
and allows systematic errors to be identified. If a reading differs
the rest (known as an outlier), discard it before averaging (@

&

Accuracy and precision

Precision refers to the extent to which the instrument can make repeated measures
of the dependent variable that are the same for the same value of the independent
variable. For example, if each measurement of the current in an electrical circuit is
within 0.1 A of the others, then the device is more precise than a device for which
there is a difference of 0.5A. Accuracy refers to how close a measurement is to the
true or accepted value.

CHAPTER 1 | PRACTICAL INVESTIGATION
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You will need to consider if the instruments to be used are sensitive enough.
Build some testing into your investigation to confirm the accuracy and reliability of
the equipment and your ability to read the information obtained.

Reasonable steps to ensure the accuracy of the investigation include considering:

e the type of instrument that will be used to measure the independent and
dependent variables.

» calibrating the measuring equipment by testing a standard.

Describe the materials and method in appropriate detail in your scienti ports.
This should ensure that every measurement can be repeated an e sam ult
obtained within reasonable margins of experimental uncertainty. a of Aess

than 5% is reasonable.)

Data analysis

How you will be analysing the data produced from
considered when writing your method. A wide range

important to find the right bdla
that will give you accura

The aaethodolo pay need modifying as the investigation is carried out. The
i elp to determine any issues in the methodology and how to

cpared to make changes to the approach.

@je any difficulties encountered and the ways they were overcome. What
ere the failures and successes? Every test carried out can contribute to the

understanding of the investigation as a whole, no matter how much of a disaster
it may first appear.
* Do not panic. Go over the theory again, and talk to the teacher and other
students. A different perspective can lead to a solution.
If the expected data is not obtained, don’t worry. As long as it can be critically
and objectively evaluated, with the limitations of the investigation identified and
further investigations proposed, the work is worthwhile.

COMPLYING WITH ETHICAL AND SAFETY GUIDELINES
Ethical considerations

Some investigations require an ethics approval—consult with the teacher. In fact,
when deciding on an investigation, identify all possible ethical considerations and
evaluate whether those parts of the investigation are necessary or if there are ways
you can reduce or mitigate them.

Occupational health and safety

While planning for an investigation, it is important to consider the potential risks to
ensure the safety and yourself and others.



Everything we do has some risk involved. Risk assessments are performed to
identify, assess and control hazards. A risk assessment should be performed for
any situation, in the laboratory or outside in the field. Always identify the risks
and control them to keep everyone safe. For example, carry out voltage—current
experiments with low voltages (less than 6.0V DC or 4 x 1.5V batteries) coupled to
resistors so that the currents in the circuits are of the order of milliamps. At all tzmes
avoid direct exposure to 240 VAC household voltages (Figure 1.1.4).

To identify risks, think about:

» the activity that will be carried out

¢ the equipment or chemicals that will be used.

The following hierarchy of risk controls is organised from most to least effective:
1 Elmination: Eliminate dangerous equipment, procedures or substances.

Substitution: Find different equipment, procedures or substances to use that will
achieve the same result, but have less risk associated with them.

3 Isolation: Ensure there is a barrier between the person and the hazard. Examples
include physical barriers such as guards in machines, or fume hoods to work
with volatile substances.

4  Engineering controls: Modify equipment to reduce risks.

5 Administrative controls: Provide guidelines, special procedures, warning signs
and information about safe behaviours for any participants.

6  Personal protective equipment (PPE): Wear safety glasses, lab coats, gl d
respirators etc. where appropriate. Provide these to other participants a

Science outdoors

Sometimes investigations and experiments will be carried ou
outdoors has its own set of potential risks and it is equally i
ways to eliminate or reduce these risks.

Table 1.1.2 contains examples of risks associated wif

TABLE 1.1.2 Risks associated with fieldwork outdoors.

sunburn

Control measures
wear sunscreen, a hat a

hot or cold weather against heat or cold

projectile launch people know not to enter the area

trip hazards cables (electrical, computer) and cover them

roots, rocks etc.

ant to have someone with first aid training present during
s. Always tell the teacher or laboratory technician if an injury

tective equipment

o works in a laboratory wears items that help keep them safe. This is
called personal protective equipment (PPE) and includes:

» safety glasses

¢ shoes with covered tops

» disposable gloves when handling chemicals

* adisposable apron or a lab coat if there is risk of damage to clothing

* ear protection if there is risk to hearing.

CHAPTER 1 | PRACTICAL INVESTIGATION
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you need to identify, assess and control hazards.




1.1 Review

An aim is a statement describing in detail what
will be investigated. For example: The aim of

the experiment is to investigate the relationship
between force, mass and acceleration.

A hypothesis is a definite statement of the
relationship between the independent and
dependent variables based on previous knowledge
and evidence or observations that attempts to
answer the research question. For example: With
the force kept constant, the acceleration decreases
with increasing mass as an inverse relationship.

Once a question has been chosen, stop to evaluate

the question before progressing. The question
may need further refinement or even further
investigation before it is suitable as a basis for an
achievable and worthwhile investigation. Make
sure that it is possible to complete the activity in
the time available and with the resources on hand.
It might be a little difficult to create a particularly
complicated device with the facilities available in
the school laboratory.
There are three categories of variables:
- The independent variable is the variable that i
changed by the researcher.

KEY QUESTIONS

1

In a practical investigation a

potential difference acros®a

subtracting batteries i ri

a How could the potepi
value?

b How could it

In another exp t
range of v, de

ibe the brightness of a light:
ing, dim, off. What type of
e variable ‘brightness’?

t hypothesis from the three options
reasons for your choice.

esis 1: If you increase the mass of the
marble that you drop, the final velocity of the
marble will increase linearly.

B Hypothesis 2: The greater the potential difference
across a resistor, the greater the current through it.

C Hypothesis 3: Different metals will have different
resistances.

e student uses the following

5

- The dependent variable is the variable that
may change in response to a change in the
independent variable. This is the variable that
will be measured or observed.

- Controlled variables are all the variabl a
must be kept constant during the investigation
so that it is a fair test.

step-by-step procedure. Whe
methodology, ensure it co
reliable and accurate in

It is also important togaete

lable
peedifo be run for each

wide range of analysis tools could
example, tables organise data so that

very investigation you need to consider the
isks and potentially hazardous situations, and act
to minimise those risks.

Give the correct term that describes an experiment
with each of the following conditions.

a The experiment addresses the hypothesis and aims.
b The experiment is repeated and consistent results

are obtained.

¢ Appropriate, high-quality equipment is chosen and

calibrated for the desired measurements.
A student wanted to find out how the tension in an
elastic band affects the band’s initial velocity when
launched from their finger. State:
a the independent variable
b the dependent variable
¢ three controlled variables.

10
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1.2 Conducting investigations, and
recording and presenting data

Once the planning and design of a practical investigation is complete, the next
step is to undertake the investigation and record the results. As with the planning
stages, there are key steps and skills to keep in mind to maintain high standards and
minimise potential error throughout the investigation (Figure 1.2.1).

This section will focus on the best methods for conducting a practical investigation,
systematically generating, recording and processing data, and then presenting it in a
concise and clear manner.

CONDUCTING INVESTIGATIONS TO COLLECT AND
RECORD DATA

For an investigation to be scientific, it must be objective and systematic. Ensuring
familiarity with the methodology and protocols before beginning will help you to
achieve this.

While working, keep asking questions: Is the work biased in any way? If change
are made, how will they affect the study? Will the investigation still be valid for the
aim and hypothesis?

It is essential that during the investigation the following are recorded:

» all quantitative data collected
¢ the methods used to collect the data

validity of the data.
The data recorded is the raw data. Usually this data n
some manner before it can be presented. If an error oc i
data or you decide to present the data in an alternag
data will always be available for you to refer back to.

IDENTIFYING ERRORS
All practical investigations have errors ass@ yith them. Errors can occur
for a variety of reasons. It is importa @tial errors are considered when

e taken to reduce them. This ensures
additional errors that occur during

planning an investigation and that m
the investigation is as accurge S
the collection of results shou S

There are two types o or
e systematic errors
* random errors.

Systematic

an error that is consistent and will occur again if the
investigatigl i ted in the same way.

0 cm was“actually only 4.9 cm from 0 cm due to a manufacturing error or shrinkage
of the wood. Another example would be if the researcher repeatedly used a piece of
equipment incorrectly throughout the entire investigation. Figure 1.2.2 shows how
traffic police reduce systematic errors in their data collection.

Random errors

Random errors occur in an unpredictable manner and are generally small.
Random errors are typically caused by minor, unpredictable changes in experimental
conditions that lead to fluctuations around the true value. An example of a random
error could be electronic noise in the circuit of an electrical instrument.

FIGURE 1.2.1 When carrying out your
investigation try to maintain high standards to
minimise potential errors.

FIGURE 1.2.2 To avoid a systematic error, make
sure that you are using measuring equipment
correctly. Laser speed guns, for example, need
to be placed on a stationary support so the aim
point is held on a single target point for the
duration of the read.

CHAPTER 1 | PRACTICAL INVESTIGATION 11
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Techniques for reducing error

Designing the method carefully, including selection and use of equipment, will help
reduce errors.

Appropriate equipment
Use the equipment that is best suited to the type of data being collected to validate

the hypothesis. Determining the appropriate units and scale for the data will help
to select the correct equipment. Using the right unit and scale will e

Review the following examples to learn more about si
e 15 has two significant figures
* 3.5 has two significant figures
* 3.50 has three significant figures
* 0.037 has two significant figures
e 1401 has four significant figures.
To calculate gravitational potential e (Ey), ormula is E, = mgAh.
If §=9.80ms™2, mass (m) = 7.50 (h) =0.64m (64cm):

0.64 =47.09]

When reporting data,
found in the measureg

to the least number of significant figures
ample, height is accurate to two significant

ole E, =47].

ent, such as some motion sensors, needs to be calibrated before use to
e temperature at the time. Before carrying out the investigation, make

eed of sound to calibrate a motion sensor if necessary.

n
e instruments or measuring devices are properly calibrated and functioning
< tly. For example, measure the temperature and apply a correction to the

Correct use of equipment

Use the equipment properly. Ensure training has been completed and that you have
practised using the equipment before beginning the investigation. Improper use of
equipment can result in inaccurate data with large errors, and the validity of the data
can be compromised.

Incorrect reading of measurements is a common misuse of equipment. Make
sure all the equipment needed in the investigation can be used correctly and record
the instructions in detail so they can be checked if the data doesn’t appear correct.

RECORDING AND PRESENTING QUANTITATIVE DATA

Raw data is unlikely to be used directly to validate the hypothesis. However, raw
data is essential to the investigation and plans for collecting the raw data should be
made carefully. Consider the formulas or graphs that will be used to analyse the data
at the end of the investigation. This will help to determine the type of raw data that
needs to be collected in order to validate the hypothesis.

For example, to calculate take-off velocity for a vertical jump, three sets of raw
data will need to be collected using a force platform: the athlete’s standing body
weight, the ground reaction force and the time during the vertical jump. The data
can then be processed to obtain the take-off impulse.



Once you have determined the data that needs to be collected, prepare a table
to record the data.

ANALYSING AND PRESENTING DATA

The raw data that has been obtained needs to be presented in a way that is clear,
concise and accurate.

There are several ways to present data, including tables, graphs, flow charts and
diagrams. The best way of visualising the data depends on its nature. Try multiple
formats before making a final decision to create the best possible presentation.

Presenting raw and processed data in tables

Tables organise data into rows and columns, and can vary in complexity according
to the nature of the data. Tables can be used to organise raw and processed data or
to summarise results.

Data in the table should be ordered in columns. The first column should
contain the independent variable (the one being changed). Subsequent columns
should include the dependent variable results from all trials, with one column for
each trial. The final column should then show the average of all of the trials for
the dependent variable.

Tables should have the following features:
¢ adescriptive title that contains both the independent and depended variables
¢ column headings (including the unit and the uncertainty of measurem:

« aligned figures (align the decimal points)
¢ the independent variable placed in the left column

e the trials of the dependent variable placed in the right columns rage
column on the end
¢ an overarching heading for all columns showing the dep 1able results

(including the average column).
1cing a linear graph.
e right of the average

You may sometimes need to process data to assist
This processed data can be added as an additi@nal col

&

heading if the units and uncertainty remain th o¢ alongside the data if they vary.
Look at the table in Figure 1.2. been used to organise raw and

processed data about the effect u onlyoltage.

L 4
T ur‘ a resistor at different potential differences «——— clear title
Current I (+0.01 A)
ol i headings for each
PoteAn‘ElaI difference Trial 2 Trial 3 Average P (A% <— column with units
(x0.01 V) S
and uncertainties
1.50 31 0.34 0.32 0.32%0.02 0.10%0.01 of measurement
2.0, 0.42 0.45 0.41 0.43£0.02 0.18 £0.02
0.50 0.51 0.52 0.51%0.01 026+0.01 __ consistent number
of significant figures
.00 0.62 0.65 0.58 0.62%0.04 0.38+0.05
3.50 0.70 0.71 0.72 0.70%0.01 0.49£0.01
independent variable dependent variable trials averages calculated processed data with processed
with consistent number with uncertainty of uncertainties, correct significant
of significant figures averages displayed figures and heading with

appropriate units

FIGURE 1.2.3 A simple table listing the raw data obtained in the second, third and fourth columns with the common uncertainty in the overarching
column heading, the average of each trial calculated in the fifth column with individual uncertainties, and the processed data, which is the average
values squared along with their processed individual uncertainties, in the sixth column.

CHAPTER 1 | PRACTICAL INVESTIGATION 13



A table of processed data usually presents the average values of trials, the
mean. However, the mean on its own does not provide an accurate picture of
the results. To report processed data more accurately, the uncertainty should be
presented as well.

UNCERTAINTY

Measuring from an analogue scale

An analogue scale is a fixed scale from which measurements are taken,
of an analogue scale include rulers or pressure gauges, such as

marked in centimetres and it aligns precisely with the 10 cm
10.0 cm. However, if the length is approximately halfwa
marks, it should be recorded as 10.5cm.

FIGURE 1.2.4 An analogue pressure scale.

Types of uncertainties

When presenting a range of measurements partichlar value, it is essential to
include both the mean and the associated t % nty to accurately convey the
results. In other words, the mean must be acé@mpanied by an indication of the
range of data obtained, reflecting vagiahility in the Whcasurements.

uncertainty = * (half the range ues)

ould be presented as:

c peed is 50.3 + 6.50kmh™.
s is called the uncertainty of averages as it is taken from the calculation
< mean. Make sure that the final value is expressed to the appropriate number
significant figures, and remember that the uncertainty should never exceed the

number of decimal places of the measured value itself.

There is also uncertainty associated with using measuring devices. This is called
the uncertainty of measurement. This type of uncertainty arises from the
precision of the measuring device’s scale. The uncertainty of measurement varies
depending on the type of measuring device you are using.
¢ Some devices will have a given uncertainty; for instance, a measuring cylinder

might have an uncertainty of = 0.1 mL printed on it.

e If the uncertainty is not provided, it will depend on whether the measuring
device is digital or analogue.

- Ifyou are measuring on a digital scale, the uncertainty is the smallest possible
increment. For instance, a set of scales that gives a result of 100.01 g will have
an uncertainty of measurement of £ 0.01g.

- If the measuring device is analogue (i.e. those with a fixed scale), the
uncertainty of measurement is typically half of the smallest scale division. For
instance, if you use a ruler with a millimetre scale and measure the length of
an object as 25.0 mm, the uncertainty would be + 0.5 mm. It is important to
note that the uncertainty should have the same number of decimal places as
the measurement, but not necessarily the same number of significant figures.

14 SCIENCE INQUIRY SKILLS



When stating a final value with its uncertainty, you may have two choices to make:

1 Ifthe uncertainty of the measuring device is different from the uncertainty of the
averages, you should use the larger of the two values for the average uncertainty.
This ensures your reported data reflects the limitations of the instrument, not
potentially overstating the precision of the average.

2 You should consider the nature of the investigation, the measuring devices used
and the method of data collection in relation to the calculated uncertainty of
the average. If it was difficult to take the measurements or you experienced
issues with the measuring devices, then you may choose to use a reasonable
percentage uncertainty to replace the uncertainty of the averages. For example,
if the percentage uncertainty of the averages is around * 1.5%, but you believe
this does not adequately represent the precision of your data collection, you
might opt for a higher percentage uncertainty, such as + 5.0%. If you make this
adjustment, make sure you include a note under your data table explaining your
rationale.

Calculating percentage uncertainties

Uncertainties that are displayed in the same units as the measurement are known
as absolute uncertainties. You can use these absolute uncertainties to calculate
percentage uncertainty using the equation below.

uncertainty % 100%

ercentage uncertainty =
p g ty measurement

Percentage uncertainties are helpful because they allow for the ¢ is d
combination of uncertainties across different units.

Combining uncertainties

It is common to process data in a physics investigation.
single set of data, like the column titled ‘/*’ in Figure

de altering a

PS you may use

a measured current
As these age®alues calculated using
bine the uncertainties

and potential difference to calculate the po
measurements with their own uncertainties, itd
to get an overall uncertainty for the calculat
The method for combining uncertai
operation used in the calculation: wj
multiplied or divided, or adckd te

easurements are raised to a power,

Measurements raised

If a measurement is raisce
uncertainty associated
is shown in step thr

er, such as squared or cubed, the percentage
casurement will be multiplied by that power. This
example 1.2.1.

Multiplying or easurements

When multj iding measurements, the total uncertainty is found by
adding to er thejpercentage uncertainties for each value. Since the measurements
may n a e same units, it is important to use the percentage uncertainties
ra tha solute uncertainties, which cannot be added directly. This is outlined
in d example 1.2.1.
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Worked example 1.2.1
COMBINING UNCERTAINTIES WHEN MULTIPLIED OR DIVIDED

A researcher wants to determine the density of a sample of an unknown
substance that is in the shape of a cube. The following measurements are taken.

¢ Length of each side of the cube: / =25.5+ 0.5 mm
¢ Mass of the cube: m=322+0.1g
Calculate the density with the appropriate absolute uncertainty.

Thinking Working

Convert all absolute uncertainties

to percentage uncertainties. %uncertainty =

x100

7eunce =9 (32.2)

%unce s = 10.31056%

Calculate the density of the cube
with the data converted to the SI
units of kg and m3.

@

(32.2x107%)
T (255x107)°
p =1.26275
p=126kgm™

% uncertainty,oume = 3 X (£1.96078)
% uncertainty,oume = £5.88235%

late the total percentage
ainty.

e density is found by dividing
he mass by the volume, you must
add the percentage uncertainties
of the mass and volume.

total % uncertainty = (0.31056) + (5.88235)
total % uncertainty =+ 6.19291%

Convert the total percentage absolute uncertainty =
uncertainty to the absolute (6.19291)
uncertainty of the answer. +(1.26275)x 100

absolute uncertainty = + 0.078201 kgm~3

State the answer to the correct Therefore, the density is 1.26 + 0.08 kgm3.
number of significant figures with
the absolute uncertainty to the
correct decimal place and the
correct units.




Worked example: Try yourself 1.2.1
COMBINING UNCERTAINTIES WHEN MULTIPLIED OR DIVIDED

A student wanted to investigate the electrical power drawn by a kettle. The kettle
had a measured resistance of 50.0 £ 0.1 Q and was drawing a measured current
of 421 £ 0.01A.

Using the formula:

P =R
where
P = power (W)

I = current (A)
R = resistance ()

calculate the power drawn by the kettle and include the uncertainty with the
value.

Adding or subtracting measurements

When adding or subtracting measurements, make sure that all measurements are
in the same units. To find the total uncertainty of an addition or a subtraction, add

together the absolute uncertainties of the individual measurements.

Evaluating investigations using uncertainties

Uncertainties provide a useful way of evaluating the accuracy and precisi
investigation’s results. They indicate the potential variability or ho
values are in the measurement; a low total uncertainty suggests h

Additionally, you can use the uncertainty to calculate po,

maximum values, which could be useful for comparing youg e esults
to a known values. If the known value falls within the rtainty of the
experimental results, this can be an indication of acc

Other descriptive statistics measures

The mean and the uncertainty are statisticalifmeasures help describe data

accurately. Other statistical measures that
obtained, are:
¢ mode: the mode is the value that ¢
is especially useful to desc
mode of the values 0.01, 0.
¢ median: the medianis
the median of the va

ue of an ordered list of values. For example,
8,9, 10, 20 is 8. The median is particularly

sed, depending on the data

useful when the data \ga ide or includes outliers (unusual results), which

can make the

Graphs

In general ovide more detailed data than graphs, but it is easier to observe

trends data in graphical form than in tabular form.
the other. The graph shows the relationship between the variables.

charts. The best one to use will depend on the nature of the data.

ed when two variables are being considered and one variable is

pes of graphs can be used, including line graphs, bar graphs and pie

General rules to follow when making a graph (Figure 1.2.5) include the following:

* Keep the graph simple and uncluttered.
» Use a descriptive title that contains the independent and dependent variables.

¢ Represent the independent variable on the x-axis and the dependent variable on

the y-axis.
¢ Make axes proportionate to the data.
e Clearly label axes with both the variable and the unit in which it is measured.

CHAPTER 1 | PRACTICAL INVESTIGATION
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e Include error bars showing the uncertainty of each point. The error bar should
extend above and below the plotted point by the uncertainty in the dependent
variable and to the left and right of the plotted point by the uncertainty of the
independent variable.

o Ifthe y-axis intercept is important in your investigation, then the x-axis must not
be broken (e.g. interrupted or truncated).

e Do not force the line of best fit through the origin of the graph (0, 0). If the
line of best fit does not pass through the origin, it may indicate the presence of
systematic errors in your investigation.

Graph 1: ‘Graph of velocity of glider with time as

y AN

40 —

Always mark where axis value is.

30 — +

Draw a line of best fit
using a ruler for straight
lines or a practised
sweep for curves.

Velocity (cm s7)

5

If you have an outlier, go
back to your workings
and check it again to see
if you can explain why.

Origin does not have to be (0, 0) and the line of

\ 4 “:E:’)
E \ / best fit does not need to go through the origin.

I I I I I r =X
0.5 1.0 15 2.0 2.5 3.0 ‘\\

/ Time (s)
— If the y-axis intercept is

Different scales Give the quantity name in important, do not break
may be used. full with units in brackets. the x-axis.

FIGURE 1.2.5 A graph shows the relationship between two variables.

Line graphs

Line graphs are a good way of representing continuous quantitative data. In a line

graph, the values are plotted as a series of points with error bars on the graph. There

are two ways of joining these points:

* A line can be ruled from each point to the next (Figure 1.2.6a). It shows the
overall trend; it is not meant to predict the value of the points between the plotted
data. These graphs are rarely used in physics.
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The points can be joined with a single smooth straight or curved line (Figure 1.2.6b).
This creates a trend line, also known as a line of best fit or a curve of best fit. The
line of best fit does not have to pass through every point but should go through as
many error bars as possible. It is used when there is an obvious trend between the

variables. These graphs are most commonly used in physics.

Outliers

Sometimes when the data is collected, there may be one point that does not fit with
the trend and is clearly an error. This is called an outlier. An outlier is often caused
by a mistake made in measuring or recording data, or from a random error in the
measuring equipment. If there is an outlier, include it on the graph, but ignore
it when adding a line of best fit (as in Figure 1.2.5, where the point (1.50, 6) is
an outlier).

FIGURE 1.2.6 (a) The data in the graph is joined from point to poig
with a line of best fit, which shows the general trend.

a

Height of river (m)

Height of river at bridge flood gauge

11 T T 1 T T T 1
] F M A M J J A S O

Months 2010

1.2 Review

.

It is essential that di investigation, the

andiWill occur again if the investigation is repeated
e same way. Systematic errors are usually

a result of instruments that are not calibrated

correctly or methods that are flawed.

Random errors occur in an unpredictable manner

and are generally small. A random error could be,

for example, the small fluctuations in the ambient

temperature affecting a heat transfer investigation.

b Stoppi ar

Speed of car (km h™')

graph is joined

The number of significant figures used depends
on the scale of the instrument used. It is important
to record data to the number of significant figures
available from the equipment or observation.

The simplest form of a table is a five-column format
in which the first column contains the independent
variable (the one being changed), the second to
fourth columns contain the trials of the dependent
variable (the one that may change in response to a
change in the independent variable) and the final
column contains the average of the trials.

When there is a range of measurements

of a particular value, the average must be
accompanied by the uncertainty of averages.
These uncertainties can be represented as
absolute values or as a percentage of the
measurement (percentage uncertainty).
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1.2 Review continued

When processing data, you must combine

uncertainties:

- If a measurement is raised to a power, the
percentage uncertainty must be multiplied
by the power value, i.e. if a measurement
is squared, the percentage uncertainty is
multiplied by two.

- If measurements are multiplied or divided,
the percentage uncertainties must be added
together.

- If measurements are added or subtracted, the

absolute uncertainties must be added together.

General rules to follow when making a graph

include the following:

- Keep the graph simple and uncluttered.

- Use a descriptive title that contains the
independent and dependent variables.

- Represent the independent variable on the

x-axis and the dependent variable on the y-axis.

KEY QUESTIONS

1 The masses of 1.00cm?3 cubes of potato y

re

recorded and the cubes placed in distilled V
60 minutes, the cubes were weighed aga'
difference in mass was calculated. What t .
is involved:

a if the electronic scales wi perly?
b if the electronic scaleswer: fly by a
power surge?

speed = 1.40mslin
the appropriate
in the answer?

.0,28.0, 19.0, 19.0, 25.0, 24.0,

he ian

- Make axes proportionate to the data.

- Clearly label axes with both the variable and the
unit in which it is measured.

- Include error bars showing the uncertainty
each point. The error bar should exte
and below the plotted point by the un inty,
in the dependent variable and to th a
right of the plotted point by the 0
the independent variable.

- If the y-axis intercept is im your
investigation, the x-axi broken
- Do not force the line o rough the

he line of best fit
e origin, it can indicate
atic errors in your

origin of the grag
does not pass
that there may b
investi

Plot the following data set with error bars, assigning
each variable to the appropriate axis on the graph.

Potential difference = 5.00% (V) Current + 0.01 (A)

2.07 0.06
1.56 0.05
1.24 0.04
0.93 0.03
0.63 0.02

How can the general pattern (trend) of the data set in
Question 4 be represented once the points are plotted?

Compare the error bars for the current in Question 4 to

the error bars for the potential difference.

20
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1.3 Discussing investigations and
drawing evidence-based conclusions

Now that the chosen topic has been thoroughly researched and the investigation
has been conducted and data collected, it is time to draw it all together. The final
part of the investigation involves summarising the findings in an objective, clear and
concise manner.

EXPLAINING RESULTS IN THE D

The discussion is the part of the investigati e evaluation and explanation
of the investigation methods and res place. It is the interpretation of what

the results mean.
The key sections of th
e analysing and evaluati

38 xda

je avestigation findings and relevant physics concepts.

e evaluating the investig
* explaining the link be

When writing ussion, consider the message you want to convey to the
audience. Statem sh@uld be clear and concise. By the time the discussion
concludes, i st have a clear idea of the context, results and implications
of the inv atio
ANAL AND EVALUATING DATA

In theldiscussion, the findings of the investigation need to be analysed and interpreted.

e Stat ether a pattern, trend or relationship was observed between the
independent and dependent variables. Describe what kind of pattern it was and
specify the conditions under which it was observed.

¢ Were there discrepancies, deviations or anomalies in the data? If so, these should
be acknowledged and explained.

¢ Identify any limitations in the data you have collected. Consider whether a larger
sample size or further variations in the independent variable would lead to a
stronger conclusion.
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Trends in line graphs
Graphs are drawn to show the relationship, or trend, between two variables, as
shown in Figure 1.3.2.

e Variables that change in linear or direct proportion to each other produce a
straight sloping trend line.

e Variables that change exponentially in proportion to each other produce a
curved trend line.

« With an inverse relationship, one variable increases as the other vartiabl eases.

¢ When there is no relationship between two variables, one variablgiwall ge
even if the other changes.

Yy Yy

X

Positive directly proportional
(or positive linear) relationship

+ Variables change at the same
rate (graph line is straight,
slope is constant).

+ Positive relationship as

increases, y increases

owly, then more rapidly.

§¥

X

Logarithmic relationship, then
levels off or plateaus (stops rising)
» As xincreases, y increases

rapidly at first, then slows,

then does notincrease at all

as y reaches a maximum value.

X

@ directly proportional
e linear) relationship

les change at the same

gPaph line is straight,
slope is constant).

* Negative relationship as x
increases, y decreases.

X

Inversely proportional relationship
+ Asxincreases, y decreases
rapidly at first, then the rate of
decrease slows down, approaching
avalue for y.

X

No relationship between x and y
* As x increases, y remains the same.

FIGURE 1.3.2 Various relationships can exist between two variables.

Remember that the results may be unexpected. This does not make the
investigation a failure. However, the findings must be related to the hypothesis, aims
and method.
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EVALUATING THE METHOD

It is important to discuss the limitations of the investigation method. Evaluate the
method and identify any issues that could have affected the validity, accuracy,
precision or reliability of the data. Sources of errors and uncertainty must also be
evaluated in the discussion.

Once any limitations or problems in the methodology have been identified,
recommend improvements on how the investigation could be conducted if repeated;
for example, suggest how bias could be minimised or eliminated.

Bias
Bias may occur in any part of the investigation method, including sampling and
measurements.

Bias is a form of systematic error resulting from the researcher’s personal
preferences or motivations. There are many types of bias, including:

e poor definitions of both concepts and variables (e.g. classifying cricket pitch
surfaces as slow or fast without defining ‘slow’ and ‘fast’)

* incorrectassumptions (e.g.assuming that footwear type, model and manufacturer
do not affect ground reaction forces, and as a result failing to control this variable
during an investigation on slip risk on different indoor and outdoor surfaces)

e errors in the investigation design and methodology (e.g. taking a sample of a
particular group of athletes that includes one gender more than the o
group).

Some biases cannot be eliminated, but should still be addressed in

Accuracy and precision

easurgments
for each variable of the hypothesis. Address the uncertainties as$ *d with these

When applicable compare the chosen method to al methods that could
have been used, evaluating the advantages an 801 the selected method
and the effect on the results.

If your investigation involves comparing Its to a known accepted value,
you should calculate a percentage di percentage difference can be

a percentage difference
accepted value an

ults, indicate the range of the data obtained from replicates.
le size was selected. Larger samples are usually more reliable,
urces might have been scarce. Discuss whether the results of the

group helps identify whether an uncontrolled variable has been overlooked and may
explain any unexpected results.

Error

Discuss any source of systematic or random error and suggest ways of improving
the investigation.

FIGURE 1.3.3 Honest evaluation and reflection
play important roles in analysing methodology.
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DISCUSSING RELEVANT PHYSICS CONCEPTS

To make the investigation more meaningful, it should be explained within the right
context; i.e. using related physics ideas, concepts, theories and models. Within this
context, explain the basis for the hypothesis.

For example, if studying the impact of temperature on linear strain of a material
(e.g. arubber band), some of the contextual information to include in the discussion
could be:

* the definition of linear strain

» the functions of linear strain

* the relationship between linear strain and temperature
e definitions of material behaviour (such as plastic and elastic
» factors known to affect linear strain

» existing knowledge on the role of temperature on linegugstca

@

* ranges of temperatures investigated and the reason 1 chosen

* materials studied and the reasons for this choic
* methods of measuring the linear strain of a mat

Relating your findings to a p

Once a context is established, you can use thi
the data supported or refuted the hy, sis. Ask

¢ Was the hypothesis supported?

esgsed? (If not, give an explanation of why
this is so and suggest w 1 be done to either improve or complement the

investigation.)

h and knowledge. After identifying the major findings of
estions such as:
t with the literature?

the findings lead to further questions?

* the findings be extended to another situation?
e sure to discuss the broader implications of the findings. Implications are

e bigger picture. Outlining them for the audience is an important part of the
investigation. Ask questions such as:
* Do the findings contribute to or impact the existing literature and knowledge of
the topic?
e Are there any practical applications for the findings?

DRAWING EVIDENCE-BASED CONCLUSIONS

A conclusion is usually a paragraph that links the collected evidence to the hypothesis
and provides a justified response to the research question.

Indicate whether the hypothesis was supported or refuted, citing the evidence
that led to this conclusion. Do not provide irrelevant information. Only refer to the
specifics of the hypothesis and the research question, and do not make generalisations.

Read the examples given for the following hypothesis and research question.
Hypothesis: An increase in temperature will cause an increase in linear deformation
(change in length) before failure.

* Poor response to the hypothesis: Linear deformation has value y; at temperature

1 and value y, at temperature 2.

* Better response to the hypothesis: An increase in temperature from 1 to 2
produces an increase in linear deformation of z in the rubber band.



Research question: Does temperature affect the maximum linear deformation the
material can withstand?

Poor response to the research question: The results show that temperature does
affect the maximum deformation of a material.

Better response to the research question: Analysis of the results indicates that
increasing the temperature from 1 to 2 in the rubber band correlates with an
increase in the maximum linear deformation, which is consistent with existing

knowledge on how temperature influences material deformation.

REFERENCES AND ACKNOWLEDGEMENTS

All the quotations, documents, publications and ideas used in the investigation
need to be acknowledged in the ‘references and acknowledgements’ section to
avoid plagiarism and to ensure authors are credited for their work. References and
acknowledgements also give credibility to the study and allow the audience to locate

information sources should they wish to study the topic further.

When referencing a book, include, in this order:

author’s surname and initials

date of publication

title

publisher’s name
place of publication.

For example: Moran G. et al. (2025), Pearson Physics 12, Pearson E 0
Melbourne, Victoria.

When referencing a website, include, in this order:

author’s surname and initials, or name of organisation, or ti

year website was written or last revised
title of webpage
date website was accessed

website address.

1.3 Review ’\
é

The discussi of the investigation
where th ion and explanation of the
investigatiOf metffods and results takes place. It is

tation of what the results mean.

- e whether a pattern, trend or relationship
as observed between the independent and

dependent variables. Describe what kind
of pattern it was and specify under what
conditions it was observed.

- Were there discrepancies, deviations or
anomalies in the data? If so, these should be
acknowledged and explained.

- ldentify any limitations in the data collected.
Perhaps a larger sample or further variations
in the independent variable would lead to a
stronger conclusion.

It is important to discuss the limitations of the
investigation method. Evaluate the method and
identify any issues that could have affected the
validity, accuracy, precision or reliability of the
data. Sources of errors and uncertainty must also
be stated in the discussion, and suggestions could
be given as to how to reduce these errors.
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1.3 Review continued

» When discussing the results, indicate the range + Indicate whether the hypothesis was supported
of the data obtained from replicates. Explain how or refuted and the evidence that led to this
the sample size was selected. Larger samples are conclusion. Do not provide irrelevant information
usually more reliable, but time and resources are or make generalisations.

likely to have been scarce. Discuss whether the
results of the investigation have been limited by
the sample size.

+ To make the investigation more meaningful, it
should be explained within the right context,
including the related physics ideas, concepts,
theories and models. Within this context, explain
the basis for the hypothesis.

KEY QUESTIONS

1 What relationship between the variables is indicated 5 Consider estigation hypothesis: An increase in
by a sloping linear graph? the paie iffefence across a single resistor in an

2 What relationship exists if one variable decreases as eleg vill cause an increase in the current
the other increases? th esistor.

3 What relationship exists if both variables increase or
both decrease at the same rate?

4 What might cause a sample size to be limited in an
investigation?

elelirrent was 0.03 A, the voltage was 0.93V and
the current was 0.04 A, the voltage was 1.86V.

¥
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KEY TERMS

absolute uncertainty
accuracy

controlled variable
dependent variable
independent variable
mean

median

mode

outlier

personal protective
equipment (PPE)

precision

qualitative variable

quantitative variable

1 What is a hypothesis and what form does it take?

2 Consider the hypothesis provided below. What are the
dependent, independent and controlled variables?
Hypothesis: Releasing an arrow in archery at an angle
greater or smaller than 45° will result in a shorter flight
displacement (range).

3 What is the dependent variable in each of the following
hypotheses?

a If you push an object with a fixed mass (e.g. shot-
put) with a larger force, then the acceleration of that
object will be greater.

b As the vertical displacement of a falling object
increases, the vertical acceleration of the falling
object is constant.

¢ A springboard diver rotates faster when in a
position than when in a stretched (

engineering controls, administy
elimination, isolation

random error

raw data

reliability

significant figures
systematic error
uncertainty
uncertainty of averages

uncertaintyfof
measure t

validity

variabl

5 The speed of a toy car roll
was measured six tim
(in cms™) were 7.0, 6.
What is the unce

6 Which of the statis
and median is mo

an inclined plane
rements obtained
.2, 6.5, 6.5.

e average of these values?
easurements of mean, mode
affected by an outlier?

7 What ship betWeen variables is indicated by a
curv dfline?
8 sise that impact force is positive directly

jonal to drop height, what would you expect a
he data to look like?
eant by the ‘limitations’ of the investigation

What is ‘bias’ in an investigation?

CHAPTER 1 | PRACTICAL INVESTIGATION

27



	pearson-physics-western-australia-12-student-book-chapter-3-equilibrium-of-forces-sample-pages
	UNIT 3 Gravity and relativity
	CHAPTER 2 Equilibrium of forces
	2.1 Torque
	2.2 Equilibrium of forces
	2.3 Static equilibrium
	Chapter review



	pearson-physics-western-australia-12-student-book-chapter-1-practical-investigation-sample-pages
	CHAPTER 1 Practical investigation
	1.1 Designing and planning the investigation
	1.2 Conducting investigations, and recording and presenting data
	1.3 Discussing investigations and drawing evidence-based conclusions
	Chapter review



