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WORKSHEETS
Worksheet 1 - Mass, Force and Weight

How much do you weigh? You might reply “80 kilograms”,
but technically, you would be wrong! The reason -
kilograms are units of mass not weight.

Mass, the amount of matter in a body, is measured

in grams (g). Your weight is the force of gravity, pulling
your body towards the centre of the Earth. Forces are
simply pushes and pulls, measured in newtons (N). Your
bathroom scales measure your weight but display it in
units of mass! Your mass is the same on Earth, on the
Moon, and on Mars, but your weight in those three places
is very different.

Over to you
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+ Set up the force meter on the backplane and hang an empty mass hanger from it.

+ Use the knurled wheel on top of the force meter to set the reading to zero.

« Add a 100g mass and notice the resulting reading.

+ Add further 100g masses, one at a time, to a maximum of 500g, noting the force
meter readings as you do so.

+ Record all the readings in the Student Handout and complete the table.

+ Use them to plot a graph of weight vs mass in kg, as described in the Student
Handout.
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WORKSHEETS
Worksheet 1 - Mass, Force and Weight

So what

This graph shows the relationship between the mass of an object and its weight.

As itis a straight-line, it shows that a body’'s mass and weight are directly proportional:
« Double the mass and the weight doubles;
« Halve the mass and the weight halves, etc.

Challenge

« Use the graph to estimate the weight of an object having a mass of 380g.
« Find out what an object with a mass of 300g would weigh on the surface of the Moon.
«  Why is this weight different from its weight on the Earth?
Which would read correctly on the Moon, your bathroom scales or the force meter?
Explain why.

Write all your answers in the Student Handout.

y
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WORKSHEETS
Worksheet 2 - Combining Forces

Combining masses is quite straightforward.
Mass is a scalar quantity. The total mass is just
the sum of the individual masses, always greater
than the individual masses.

Combining forces is more complicated. Force is
a vector quantity. It has size and direction and
both need to be taken into account. The total
force can have any value between zero and the
arithmetic sum of their sizes.

When forces act in the same straight line, we say that the system is in equilibrium when
that sum is zero. If the sum is not zero, then the system will accelerate.

Some forces may not be obvious. In the system below, there are two obvious forces, the
weights of the mass hangers, and two less obvious, the reaction forces at the pulleys.

Over to you
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1. Equilibrium:

+ Assemble the parts to the back panel as shown, using the split ring with three cords.

« Add equal masses of 200g to each long cord.

* You should be able to move the split ring horizontally to any position and it will
stay put. The forces cancel out. The system is in equilibrium.

y
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WORKSHEETS
Worksheet 2 - Combining Forces

So what

In the Student Handout:
« Complete the free-body diagram for the split ring;
« Answer the question about equilibrium.

Over to you

2. Unbalanced forces:

* Holding the split ring, add an additional mass of 50g to the left-hand hanger.
* Now, let go! (Be prepared to catch the left hand hanger!)
Observe what happens to the split ring.

So what

The system stops moving only when something comes into contact with the pulley, or
when you catch the hanger. In either case, additional forces now restore equilibrium.

In the Student Handout, draw a free-body diagram to reflect this new scenario, when
the split ring is midway between the two pulleys and accelerating.

y
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WORKSHEETS
Worksheet 3 - Centre of Gravity

Every particle in a body is being pulled towards
every particle in the Earth, by the force of gravity.
The centre of gravity is the point where the weight
of an object appears to act.

For the Earth, it is at its centre (give or take 42km.).
For a body, it is its “balance point”.

Why is this important? We need to know where this is when we want to lift an object
from without it tipping, for example. Its full importance will be-come clear as you
work through later worksheets.

Objects also have a centre of mass. In most situations, these are the same point.

Over to you
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+ Set up the arrangement shown in the diagram.

+ There are five different-shaped plastic samples in the kit.
Suspend one from the backplane, using the sucker.
(Hint - place it near one of the edges to reduce the effect of friction.)
The sucker has a free-running bearing and so the shape should now hang with its
centre of gravity below (or above) the centre of the sucker.

+ Adjust the position of the plumb line so that it passes over the centre of the sucker
and is close to, but not rubbing on, the surface of the plastic sample.

y
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WORKSHEETS
Worksheet 3 - Centre of Gravity

Over to you

* Use a fine dry-wipe marker to mark the positions of the plumb line where it
crosses the edges of the shape.

« Remove the shape and draw a straight line between the two points. This recreates
the position of the plumb line.

« Next, attach the sucker to a different point on the shape and repeat the process.

So what

The centre of gravity of the shape lies at the intersection of the two lines.
Record your result by adding a cross to mark the centre of gravity on the shape shown
in the Student Handout.

Test your result by carefully re-attaching the sucker where the lines cross and then
hang the shape on the backplane.

When you nudge the shape, it does not rotate very far and then stays put, as its centre
of gravity is now supported directly by the sucker.

Challenge

Where do you think the centre of gravity of a ring-shaped sheet of plastic would be?

Mark it on the ring shape given in the Student Handout.

y
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WORKSHEETS
Worksheet 4 - Parallelogram of Forces

We have seen that forces acting in

the same line are combined by simple . <
adding or subtracting their sizes,
depending on their relative directions.

Whpen the%/ are not in the same line, = .. resultant >
we have to use a more complicated
process to find out their resultant
(‘sum’), such as the parallelogram of _ 5
forces rule.

Over to you

+ Assemble the system shown.
Hold the split ring steady as you add each of the masses in turn.
Once the masses are in place, carefully release the split ring and let it move to its
natural position.

+ Slide the protractor into position so that it is centred behind the split ring.

+ Rotate it until the zero line points vertically downwards.

+ Taptheback panel gently to reduce the effect of friction and readjust the protractor
if needed.

+  When the system has settled, measure the angles between the three forces
acting on the split ring.
(Make sure that you look at the protractor ‘face on’ to reduce reading errors.)

+ Record these angles in the Student Handout.

y
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WORKSHEETS
Worksheet 4 - Parallelogram of Forces

So what

* In the Student Handout, draw a free-body diagram, showing these three forces
acting on the split ring. Mark on the angles between them.

« As the system is in equilibrium, the 4N force is the equilibrant of the 2N and 3N
forces.

« Use your results to find the resultant of the 2N and 3N forces by drawing a
parallelogram of forces. A suitable grid is provided in the Student Handout. Write
your answer in the space provided.

Over to you

« In the same way, find the resultant of a 2N and 5N force.
« Record your results in the Student Handout and give your answer in the space
provided.

Challenge

What is the effect on the equilibrant of doubling the 2N and 3N forces?

y
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WORKSHEETS
Worksheet 5 - Triangle of Forces
N : d
Another approach to combining forces is C
to use the triangle of forces rule. It is often A A
applied using Bow's notation to identify B c b
the forces.

As shown in the diagram, the spaces between the forces in the left-hand diagram
are labelled with capital letters. These advance in a clockwise direction. The forces
are identified by the two letters that straddle them, so the red force can be called
force BC. In the triangle of forces, lower case letters are used, so that the red force
is known as force bc.

Over to you
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+ The system is the same as in the previous worksheet, but uses different weights.

+ As before, hold the split ring steady as you add each of the masses and then
carefully release the split ring.

+ Centre the protractor behind the split ring and then rotate it so that the zero line
points vertically downwards.

+ After tapping the back panel to reduce the effect of friction, measure the angles
between the three forces acting on the split ring.

* Record them in the Student Handout.

y
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WORKSHEETS
Worksheet 5 - Triangle of Forces

So what

* In the Student Handout, sketch a free-body diagram to show the forces acting on
the split ring.

« Add Bow's notation letters running clockwise starting with A to the right of the 5N
(vertical) force.

« Use your results to construct a triangle of forces, using the grid provided in the
Student Handout. As the system is in equilibrium, the forces should form a closed
triangle.

Bow's notation is a recognised way to label forces, allowing us to construct a triangle
of forces without getting confused about the order in which the forces are placed.

Thetriangle of forcesisanimportanttoolin statics asit can cope with more complicated
systems of forces.

It also allows easier processing by mathematical methods.
Equilibrant vs resultant:
There are two versions of the triangle of force:

« The first allows us to determine the resultant of two forces;
« Thesecondallows usto determinethe equilibrant for asystem thatisinequilibrium.

The difference? The direction of the third force!

In the first case, the arrows on the two forces C
flow head-to-tail but the third arrow is in the resultant b
opposite direction.

In the second case, all three arrows are
head-to-tail. C

equilibrant b

y
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WORKSHEETS
Worksheet 6 - Polygon of Forces

Worksheet 5 introduced the triangle of forces rule,
as an alternative to the parallelogram of forces.

Why have two rules?

The parallelogram of forces is limited to finding the
resultant and equilibrant of two forces, whereas the
triangle of forces method can be applied to find the
resultant and equilibrant for any number of forces.

Tocombine four forces, itis the quadrilateral of forces rule, for five forces, the pentagon
of forces rule etc. Therefore, the general method is called the polygon of forces.

Over to you
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+ The system is the same as in the previous worksheet, but this time uses the split
ring with five cords (two long, two medium and one short.)

+ As before, hold the split ring steady as you add each of the masses and then
carefully release the split ring.

+ Centre the protractor behind the split ring and rotate it until the zero line points
vertically downwards.

« After tapping the back panel to reduce the effect of friction, measure the angles
between the five forces acting on the split ring.

+ Record them in the Student Handout.

y
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WORKSHEETS
Worksheet 6 - Polygon of Forces

So what

In the Student Handout, sketch a free-body diagram to show the forces acting on
the split ring. Add the sizes of the angles between each force.

Add Bow’s notation letters running clockwise starting with A to the right of the
2.5N force.

Use this diagram to construct a polygon of forces, using the grid provided in the
Student Handout. As the system is in equilibrium, the forces should form a closed
pentagon.

The following diagram illustrates how to do this, from a free-body diagram:

- C
Free-body diagram Polygon of forces

A typical free-body diagram is shown on the left of the diagram (not the FBD for this
investigation!)

Choose a suitable scale for the polygon of forces diagram, e.g. 2cm represents 1N.
Step 1-draw aline representing the AB force using this scale, with the line pointing
in the same direction as the original force.

Step 2 - do the same for the BC force but starting the line on the end of the ab line.
Step 3 - do the same for the CD force but starting the line on the end of the bc line.

As the five lines create a closed pentagon, the system of forces is in equilibrium.

y
Copyright © 2021 - 2026 Matrix Technology Solutions Limited Il,ﬂlﬂlx



inldrmlX |veciiics”
WORKSHEETS
Worksheet 7 - Principle of Moments

How to make the seesaw balance? The weight of
the adult is much greater than that of the child, so
how can they balance? F
The answer, of course, is to move the adult nearer ,..--'

]

to the pivot (fulcrum) of the seesaw. The weights -
are unchanged, but their effects on the seesaw are '

now different. :

A small force (the child’s weight,) a long way from the pivot has the same effect as a
large force, (the weight of the adult,) close to the pivot.
This illustrates the idea of the moment (turning effect) of a force.

Over to you
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« Assemble the beam as shown. Make sure that it can rotate freely until it hits the pegs.

« Place a 80g mass in the sixth hole from the pivot on the right hand side, i.e. at a
distance of 120mm from the pivot, since the holes on the beam are 20mm apart.

« Decide where to place a 120g mass so that the beam is balanced.

* Nudge the beam a little to overcome friction and check your prediction.

« Remove the 80g mass and decide where a 240g mass needs to be placed on the
left of the beam to make it balance.

« Record your findings in the Student Handout and complete the calculations for the
moments of the forces.

y
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WORKSHEETS
Worksheet 7 - Principle of Moments

So what

To decide whether an object is in equilibrium, it is not enough to check whether all
the forces cancel out.

In addition, all the turning effects (moments) of the forces must cancel too, as
otherwise the object will rotate.

This investigation shows that small forces can have big effects when applied at a large
distance from the pivot.

This has great significance when we look at levers later in the module.

Challenge

Use the apparatus to measure the weight of the unknown object.

One drawback of the experiment you just carried out is that distances must increase in
steps of 200mm (i.e. by a ‘hole’ in the beam,) making the distance measurement easier.

The unknown object has a loop of thread attached to make the distance measurement
more sensitive. You can slide the loop along the beam to locate an exact balance
point. However, the downside of this approach is that you then have to measure the
distance from the loop to the pivot with a ruler.

Record your finding in the Student Handout.

y
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WORKSHEETS
Worksheet 8 - Non-Current Forces

Concurrent forces all act through a single point. ™
As a result, they do not generate a moment, a |
twisting effect. All situations prior to worksheet 7
involved concurrent forces.

The beam system in worksheet 7 contains non- & 4
concurrent forces, having a number of vertical
forces at different distances from the pivot.

The photograph shows part of a crane lifting a &
load . The forces in the cables are non-concurrent.

Over to you

« Assemble the beam and ‘zero’ the force meter to cancel out its weight, as before.

* Place two masses, labelled A and B in the diagram, in positions on the beam so that it
is balanced horizontally. (Don't forget to nudge the beam slightly to overcome friction.)

* Read the force shown by the force meter and record results in the table in the Student
Handout. Complete the ‘Sum ... column.

* Repeat the process for two further combinations of different masses, completing the
table in the Student Handout as you do so. (Don't overload the force meter!)

y
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WORKSHEETS
Worksheet 8 - Non-Current Forces

So what

When the forces are in parallel, the magnitude of the resultant (and equilibrant)
is simply the sum of the forces. The beam, in the experiment just completed, is in
equilibrium and so the resultant force on it is zero. The total moment of the forces
acting on it must also be zero. In this case, this means that the line of action of the
resultant must pass through the point of support (hook).

2. Skewed (non-parallel) forces:

Over to you

« Asetof five non-concurrent forces act on a body,
(shown on the diagram purely for illustration).
Assemble the system, using the two connected
split rings. The top one has the two longer cords,
the bottom one the medium length cords. The
forces within short cord connecting the splitrings
can be ignored as they occur within the body.

« Centre the protractor behind the lower split ring
and rotate it until the zero line points vertically
downwards.

« After tapping the back panel to reduce the effect
of friction, measure the directions of the three
lower forces acting on the body.

« Move the protractor behind the upper split ring
and repeat the procedure for the two upper forces.

* Record them in the Student Handout.
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So what

The diagram shows a set of five non-concurrent and
skewed forces, actingon a body. Ifitisin equilibrium,
the resultant of the forces and the sum of their
moments about any point is zero. The polygon of
forces technique, used earlier, can find the resultant
force and direction but cannot find the sum of the
moments. Instead, a construction method called a
link polygon is used. Use the link polygon method to
confirm that the five forces used in the experiment
hold the body in equilibrium. SN@0"

y
Copyright © 2021 - 2026 Matrix Technology Solutions Limited ll’ﬂlﬂlx



inldrmfX |eciivics”
WORKSHEETS
Worksheet 9 - Stability

Why is it difficult to balance a bottle on its neck?
The slightest nudge and it falls over!

Standing it on its base is easy and it takes quite a
shove to make it topple.

Now a balll That never tips over! It just rolls.
Here's one way to view this:

Over to you

1. Pivot in centre line:
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+ Assemble the beam as before but with the pivot on the centre line of the beam.

« Make sure that the plastic bushing is in place in the pivot and that the beam can rotate
freely.

« Add a combination of masses that make the beam balance.

+ Raise one end of the beam slightly and notice what happens.

*  Move it still further - any difference?

« Record your observations in the Student Handout.

y
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WORKSHEETS
Worksheet 9 - Stability

So what

When the beam is horizontal:

f d; H dz i
Pind i *
| E f !
F:l l F:-:l
W

« The weight W of the beam acts through the pivot and so causes no moment;
+ ForceF,, at distance d, from the pivot, produces an anticlockwise moment of
F,xd,;
 ForceF,, at distance d, from the pivot, produces a clockwise moment of
F,xd,.
* The beam is in equilibrium, so:
F,xd, =F,xd,

When the beam is tilted at angle Q:

H d‘l I
L J _-___—-n E 1
+ (3] Fa
1:I.|1:.+::5 (n] + d,cos ]
W

« The weight W of the beam still acts through the pivot and so causes no moment;

 Force F, acts at a distance of d,.cosQ from the pivot, producing an anticlockwise
moment of

F,xd,.cosQ
- Force F,, at distance d,.cosQ from the pivot, produces a clockwise moment of
F,xd,.cosQ

Equating these:
F,xd,.cosQ=F,xd,cosQ

The bea}N'{ still in eqlmﬂa{ium.

y
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WORKSHEETS
Worksheet 9 - Stability

Over to you

2. Pivot in centre line with lug below it:
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« Assemble the beam with the pivot on the centre line of the beam but this time
with the lug at the bottom. Check that the beam can rotate freely.

« Add a 300g mass, hanging from the lug, as shown.

« Now, add a combination of masses that make the beam balance.

« Raise one end of the beam slightly and notice what happens.

« Move it still further - any difference?

* Record your observations in the Student Handout and answer the questions.

So what

The difference now is that when the beam is tilted,
its centre of gravity rises and provides a restoring
moment to return the beam to its horizontal
position.
The role of the 300g mass is to increase the weight
of the beam and the restoring moment it produces.
The diagram illustrates this:
The restoring moment is W x d,
where W is the weight of the beam plus 300g
mass
and d is the horizontal distance between W
and the pivot.

Pivot

=

y _/
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WORKSHEETS
Worksheet 10 - Oblique Forces

So far, the forces applied to the beam have
been purely vertical. This is not always the
case.

In this worksheet, an oblique force is applied
to the beam by hanging a weight from a pulley.

Over to you

Assemble the beam as shown with the pivot on the beam centre line and the lug at the

bottom. Check that it can rotate freely.

Add a 300g mass, hanging from the lug, as before, to increase stability.
Add a 100g mass in the position shown, on the left-hand side of the beam.

Now, increase the mass on the other hanger until
the beam is horizontal. To 'fine tune’ this, change
the angle of the cord by rotating the arm attached
to the pulley.

Use the plastic “L” shape as an engineer’s square
to find the perpendicular distance d from the
pivot to the line of action of this force, F, as
shown. (Mark it with the dry wipe marker and
then measure it.)

Recordyourobservationsinthe StudentHandout.
(Notice the units used for these measurements!)

Flastic

=]

o of action
of force F

Copyright © 2021 - 2026 Matrix Technology Solutions Limited
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WORKSHEETS
Worksheet 10 - Oblique Forces

So what

Forces not at right angles to the beam are often called oblique forces.

When dealing with oblique forces on beams the distance to the pivot is not the
distance along it, rather it is the distance at right angles to the line of action of the
force to the pivot.

y
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WORKSHEETS
Worksheet 11 - Levels

Levers are widely used in many routine applications.
The forces in them are known as the /oad (L) and
the effort (E).

The load is the force which we are trying to lift or
overcome, and the effort is the force required to
do so.

There are three classes (orders) of lever, depending
on where the load and effort are applied, relative to
the pivot (P).

Over to you

First-order lever:

« Assemble the beam as shown and check that it can rotate freely. This arrangement
is an example of a first-order lever with pivot P positioned between the load L and
the effort E.

+ Adjust the position of the peg until the beam is horizontal.

« Next, zero the meter, tapping it and the back panel to reduce the effects of friction.

« Add a 40g mass positioned 100mm (in the fifth hole,) to the right of the pivot.

«  Which moves further as you do so - the effort or the load? Roughly how many
times further? Write a comment in the Student Handout.

« Measure the distances from load to pivot, a, and effort to pivot, b. Record them in
the Student Handout and calculate b / a.

+ Adjust the peg again until the beam becomes horizontal. Take a reading from the
force meter, (taking the usual steps to reduce the effects of friction.)

« Add further masses, 40g at a time until you reach a maximum of 240g, taking
readings of load and effort in the same way, as you do so.

« Record the results and complete table 1 in the Student Handout.

y
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WORKSHEETS
Worksheet 11 - Levers

Over to you

Second-order lever:

‘o).-.oaa,a-

*  Modify the arrangement as shown and check that the beam can rotate freely.

« This new arrangementis an example of a second-order lever with load L positioned

«  between the effort E and the pivot P.

+ As before, adjust the peg so that the beam is horizontal and zero the meter.

« This time, hang the 40g load 140mm to the right of the pivot (i.e. in the seventh
hole).

+ Again, notice how much the load and effort move and write a comment in the
Student Handout.

« Measure the distances from load to pivot, ¢, and effort to pivot, d.

+ Record them in the Student Handout and calculate d / c.

« Usingthesame procedure as before, increase the load in steps of 40g to a maximum
of 240g, recording readings of load and effort in table 2 in the Student Handout as
you do so.

y
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WORKSHEETS
Worksheet 11 - Levers

Over to you

Third-order lever:

e © e o &6 © e o

*  Modify the arrangement as shown and check that the beam can rotate freely.

« This new arrangement is an example of a third-order lever with effort E positioned
between the load L and the pivot P.

+ As before, adjust the peg so that the beam is horizontal and zero the meter.

+ This time, hang the 40g load 200mm to the right of the pivot (i.e. in the tenth hole).

« Again, notice how much the load and effort move and write a comment in the
Student Handout.

* Measure the distances from load to pivot, e, and effort to pivot, f.

+ Record them in the Student Handout and calculate e / f.

+ Using the same procedure again, increase the load in steps of 40g to a maximum
of 240g, recording readings of load and effort in table 3 in the Student Handout as
you do so.

«  Comment on the results of these investigations.

y
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WORKSHEETS
Worksheet 12 - Supported Beam

Beams are a common solution where loads
must span a gap.

Examples include bridges over rivers, or
supports across building entrances.

The pillars supporting the beam exert upward
forces, called reactions.

Over to you

1. A quick ‘demo’:

« Suspend a 30cm plastic or steel rule on your hands, as shown
« Get a colleague to press down, gently, in the centre of the rule.
«  What do you feel?

So what

Your hands are acting as pillars, providing vertical reaction forces balancing the weight
of the rule and the force applied by your colleague.

The distance between your hands is called the span.

y
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WORKSHEETS
Worksheet 12 - Supported Beam

Over to you

2. In more detail:

B/e o 2 2 & & & o

Assemble the beam as shown so that it is horizontal (with the pegs near the bottom
of the slots to allow them to be raised during the experiment.)

Zero the force meters, tapping them and the back panel to reduce the effects of
friction.

. Centred load:

Add a 100g mass, positioned at the centre of the beam.

Record the readings of force meters X and Y in table 1 in the Student Handout.
Add further masses, 100g at a time to a maximum of 500g and complete the table
in the Student Handout with the force meter readings as you do so.

Comment on these results.

. Off-centre load:

Remove the 100g mass and instead hang a 500g mass at 80mm (4th hole) from the
left hand support.

Adjust the pegs holding the force meters to level the beam.

Measure:

o The distance, g, from load to pivot;

o The distance, h, from effort to pivot;

o The readings on force meters X and Y.

Record these readings in the Student Handout and carry out the calculations
mentioned.

y
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WORKSHEETS
Worksheet 12 - Supported Beam

Over to you

The beam is in equilibrium. Hence:

« The sum of the support reactions, (from the force meters,) must equal the applied
load;

«  The sum of their moments about any point must be zero

When the load is half-way between the two force meters, they share it equally.
When the load is not in the centre, as we known the distance between the supports

and the distances between them and the load, we can use these relationships to
calculate the reactions at the supporting pillars, (force meters).

y
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WORKSHEETS
Worksheet 13 - Uniformly Distributed Load

Loads that are concentrated at a single point, like
the ones used so far, are called point loads.
However, beams can also carry loads that are
spread over the length of the beam. These are called
uniformly distributed loads, (UDLSs).

For example a set of books on a bookshelf could be
considered to be a UDL.

L

I| I

1..|||l\l\\ |

Over to you

UDL 1:

« Assemble the beam as shown so that it is horizontal (with the pegs near the bottom
of the slots to allow them to be raised during the experiment.)

« Zero the force meters, tapping them and the back panel to reduce the effects of
friction.
Add two 20g masses in each hole to give a total added mass of
13 x40 = 520g (=0.52kg).

+ Ignoring the weight of the beam, the distributed load totals 0.52 x 10 = 5.2N.

« The points of support provided by the force meters are 280mm (= 0.28m) apart,
producing a UDL of 5.2/ 0.28 = 18.6Nm"

« Take a reading from each force meter.
Record these in the Student Handout and comment on why you think these
readings are correct.

y
Copyright © 2021 - 2026 Matrix Technology Solutions Limited Il,ﬂlﬂlx



idrffX |vecriivics™

WORKSHEETS
Worksheet 13 - Uniformly Distributed Load

Over to you

UDL 2:

Next, remove the 20g masses from the four positions shown.

Calculate the resulting UDL and note it in the Student Handout.

Ensure that the beam is horizontal by adjusting the pegs holding the force meters.
Take a reading from each force meter and record it in the Student Handout.
Comment on whether these readings seem to be correct.

So what

As far as the support reactions are concerned, the UDL acts as a single-point load,
located at its centre, (not necessarily at the middle of the beam).

So far we have ignored the mass of the beam by initially zeroing the force meters. This
allows us to assume that it is ‘light’.

Otherwise, what sort of load should it be considered to be?

Write your answer in the Student Handout.

y
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WORKSHEETS
Worksheet 14 - Horizontal Reactions

In Worksheet 13, the beam was supported by two |
pinned-roller supports. These allowed the beam to
move sideways (roller - a little) and rotate (pin - a little).
Another example of this type of support is that in a
skateboard. It is all too easy for the skateboard to
slide out from under you, because it offers very little _~
resistance to horizontal forces, just friction

in the wheels, and between the wheels and the ground.

In real life, care is taken to make sure that any horizontal forces are opposed by
horizontal reactions at the supports.

Over to you

Step 1:

. o
g & g @
p@e =

2 P
qa‘,.l o
- a .

« Assemble the system shown above.

 First of all, fix the beam-stop in position on the back panel. Then rest the beam on
it so that the two square holes sit on the two beam-stop pins. Next, add the force
meters and pulleys.

« +Adjust the positions of the force meters so that the beam ‘floats’ over the pins on
the beam-stop, i.e. so that the pins are centred in the square holes on the beam.

« The bottom of the beam should be level with the engraved line on the beam-stop.

y
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WORKSHEETS
Worksheet 14 - Horizontal Reactions

idrffX |vecriivics™

Over to you

Step 2:

Hang a 500g mass on the left-hand pulley to
create an oblique load.

Add an empty hanger to the right-hand pulley
to complete the set up.

Starting with a mass of 160g on the right-hand
pulley, adjust the heights of the force meters
and the mass on the right-hand pulley until
the original ‘floating’ position is restored.
Measure the angle p between the line of
action of the oblique force and the beam.
Observe the readings on the two force
meters.

Record all results in the Student Handout.

So what

/

Oblique 7
force £

/ Engra\;ed line

Beam-stop pin

\/k //‘Floaﬁng,

Beam-stop

In the Student Handout, draw a free-body diagram of the system, labelling all forces

and the angle p of the oblique load.
The beam is in equilibrium because:

o The load on the right-hand pulley provides a horizontal force to balance the

horizontal component of the oblique load;

o The force meters provide an upward vertical force to balance the downward

vertical
o component of the oblique load,;
o The moments of all forces cancel out.

In the Student Handout, complete the calculations and explanation.

ildrfX
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STUDENT HANDOUT
Worksheet 1 - Mass, Force and Weight

FUNDAMENTAL
MECHANICS

Massin g Mass in kg Force meter reading in N

0

100

200

300

400

500

Use your results to plot a graph using the axes and scales given below. Show your
measurementsassmallcrosses.Yourresultsshould suggestastraightlinerelationship.

Calculate its gradient.

Weight
in
r Y

5__

0 0.1 0.2 0.3 0.4

Worksheet 2 - Combining Forces

1. Free-body diagram for equilibrium:

TP N N

split ring

What does it mean to say that this system is in equilibrium?

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2. Free-body diagram for unbalanced forces:

split ring

, » Mass
05 inkg

ooooooooooooooooooooo

ooooooooooooooooooooo

y
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STUDENT HANDOUT
Worksheet 3 - Centre of Gravity

{ i ’f

/!

II
|
M

Challenge O

Mark the centre of gravity on the ring.

Worksheet 4 - Parallelogram of Forces

Resultant of a 2N and a 3N force:
Angle between 2N force and 3N force = 0

oooooooooooooo

Angle between 3N force and 4N force = 0

oooooooooooooo

Angle between 2N force and 4N force = 0

oooooooooooooo

Free-body diagram:

* split ring

Parallelogram of forces:

Resultant of the 2N and 3N forces = N at an angle of

oooooooo

0to the vertical.

oooooooo

y )
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STUDENT HANDOUT
Worksheet 4 - Parallelogram of Forces

Resultant of a 2N and a 5N force:

Angle between 2N force and 5N force= .. ... .. .. 0
Angle between 5N force and 4N force= .. .......... 0
Angle between 2N force and 4N force= ... .......... °

Parallelogram of forces:

Resultant of the 2N and 5N forces = N at an angle of % to the vertical.

oooooooooooooooo

Challenge

The effect on the equilibrant of doubling the 2N and 3N forces:

.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

y
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STUDENT HANDOUT
Worksheet 5 - Triangle of Forces

Angle between 2.5N force and 4N force = ... .......... 0
Angle between 4N force and 5N force =4 N AN 0
Angle between 2.5N force and 5N force = ............... 0

Free-body diagram:

split ring

Free-body diagram:

Worksheet 6 - Polygon of Forces

Angle between 2.5N force and 1N force =
Angle between 1N force and 1.5N force = . .............
Angle between 1.5N force and 4N force = ...............
Angle between the two 4N forces i
Angle between 4N force and 2.5N force = ...............

ooooooooooooooo

o o o o o

Free-body diagram:

split ring

y
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STUDENT HANDOUT

Worksheet 6 - Polygon of Forces

ildralX

FUNDAMENTAL
MECHANICS

Polygon of Forces:

Worksheet 7 - Principle of Moments

Lefthand side

Righthand side

Weight in N Distance from Anticlockwise Weight Distance from pivot | Clockwise moment
g pivot in cm momentin N.cm |in N incm in N.cm
0.8 12 9.6 1.2
2.4 1.2
Challenge

Weight of the unknown object =

ildrilfX
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STUDENT HANDOUT
Worksheet 8 - Non-Current Forces

1. Parallel forces:

Mass A
ing

Weight of F,
of mass A
in N

MassBing

Weight F, of mass B
in N

Total downward force
(F,+F)inN

Force meter reading
(Equilibrant) in N

2. Skewed (non-parallel) forces:

Forcein N

Direction

3

OO

24

2.4

1.6

1.6

Free-body diagram

Copyright © 2021 - 2026 Matrix Technology Solutions Limited

ildrifX



mldradfX |Lecinvics -
STUDENT HANDOUT
Worksheet 8 - Non-Current Forces

2. Skewed (non-parallel) forces:

Link polygon of forces:

Worksheet 9 - Stability

With the pivot in the centre line of the beam and the lug above it, what happens when
you tip the beam slightly?

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

With the pivot in the centre line of the beam and the lug below it, what happens when
you tip the beam slightly?

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

y
Il,ﬂlﬂlx Copyright © 2021 - 2026 Matrix Technology Solutions Limited

41



STUDENT HANDOUT
Worksheet 9 - Stability

There are three types of stability:
+ Stable equilibrium;

« Neutral equilibrium;

« Unstable equilibrium.

With the pivot in the centre line and the lug above it, which type is represented?

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Worksheet 10 - Oblique Forces

When the beam is horizontal:

anticlockwise moment due to 100g mass = ....covvvviinennnn.n. Nm
mass needed to provide oblique force = ...l kg
resulting oblique force T i, N
perpendicular distance d from pivot

to line of action of force S ieeiiesiiesteenrenas m
clockwise moment of oblique force S i eieeeriesenereanens Nm

Comment on these results:

.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

y
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STUDENT HANDOUT
Worksheet 11 - Levers

First-order lever:

Which moves further - the effort or the load? Roughly how many times further?

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Distance from load to pivot, a T et mm
Distance from effort to pivot, b = eeaesssessnesenneas mm
Ratio of distances b/a = ...l
Table 1:
Loading Weight of load, L in N Effort, Ein N Mechanical advantage (L / E)

Second-order lever:

Which moves further - the effort or the load? Roughly how many times further?

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Distance from load to pivot, C T mm
Distance from effort to pivot, d e, mm
Ratio of distances d/c = i
Table 2:
Loading Weight of load, L in N Effort, Ein N Mechanical advantage (L / E)

y
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STUDENT HANDOUT
Worksheet 11 - Levers

Third-order lever:

Which moves further - the effort or the load? Roughly how many times further?

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Distance from load to pivot, e P mm
Distance from effort to pivot, f = eeaesssessnesenneas mm
Ratio of distances fle = i
Table 3:
Loading Weight of load, L in N Effort, Ein N Mechanical advantage (L / E)

Comment on the results of the investigations in Worksheet 11:

.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

y
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STUDENT HANDOUT
Worksheet 12 - Supported beam

A. Centred load:
Table 1:

Loading Weight of load, L in N Force meter Xin N Force meter Yin N
100
200
300
400
500

B. Off-centre load:

Distance from load to pivot, g T e, mm

Distance from effort to pivot, h T eeeeeetreccntccenaas mm
Reading on force meter X T i, N
Reading on force meter Y T i, N

Calculate:
« The total force of the beam;

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

y
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STUDENT HANDOUT
Worksheet 13 - Uniformly Distributed Load

UDL 1:

Reading on force meter X =
Reading on force meter Y =

e e c0 0000000000000 00 00

zZ Z

e e e 0 0000000000000 00 00

Comment on why you think these readings are correct:

© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e
© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e
© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e
© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e
© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e
© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e

© © ¢ 0 0 0 0 0 000000 00000000000 0000000000000 000000000000 0000000000000 0000000000000 00000000 0

UDL 2:

New value of UDL TR \ 1)
Reading on force meter X R \
Reading on force meter Y P \

Comment on why you think these readings are correct:

© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e
© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e
© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e
© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e
© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e
© © 0 6 6 60000 0 0600000 0600006 0000000000000 0000000000000 0000000000000 000000000000ee e

© © ¢ 0 0 0 0 0 000000 00000000000 0000000000000 000000000000 0000000000000 0000000000000 00000000 0

If we cannot ignore it, what kind of load is the weight of the beam?

© © ¢ 0 0 0 00 000000 00000 0000000000 000000000000 000000000000 0000000000 0000000000000 00000000 0
© © ¢ 0 0 0 0 0 0 0000000000 00000 000000000000 0000000000 000000000000 0000000000000 0000000000000 0

© © ¢ 0 00 00 00000000000 00000 000000000000 0000000000000 0000000000000 000000000000 0000000000 0

y
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STUDENT HANDOUT
Worksheet 14 - Horizontal Reactions

Reading on force meter X = Y -LTTR. NIYY. AT N

Reading on force meter Y = A\ NS AU Y. N

Mass on right-hand pulley =R 00 oo 0o R 00 o B =i kg
Weight on right-hand pulley = AT YTTY ST Y A N

Oblique load, F o YTV LTTT VRN AN W 5N

Angle p between oblique load andbeam = ............... 0

Vertical component of oblique force=F.sinp=........... N

Horizontal component of oblique force=F.cosp=........ N

Free-body diagram:

Explain how these measurements suggest that the beam is in equilibrium:

.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

y
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