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Measurement is an integral part of human nature; we 
like to compare the sizes of things. Even when you 
were too young really to comprehend mathematics 

I bet you would have compared the sizes of toys, sweets and 
especially yourselves. Similarly, one of the first things a physicist 
does when thinking about a new object or idea is to try to put a 
size to it, or attach a sense of scale to it.

Physicists like to understand how everything works, so there 
is an enormous range of sizes to get to grips with, from the 
absolutely tiny (around 10−18 m for the upper limit of a quark) to 
the unimaginably large (approximately 1027 m for the observable 
universe). 

This Skillset focuses on the length scale 10−2 m to 10−5 m, 
where micrometers and callipers are used. You will need to use 
these instruments in your physics practical work, for example 
when finding the diameter of a wire in order to determine its 
electrical resistivity or its Young modulus.

Vernier callipers
Callipers are instruments with a fixed and a moveable jaw 
in order to fit either inside an object or around an object to 
measure it. They have been used for centuries, with the earliest 
known example dating from around the sixth century bc, found 
on a sunken Greek sailing vessel off the Italian coast.

One of the simplest callipers is the humble drawing compass. 
Vernier callipers have two scales: a main scale and a secondary 
scale to give added precision to measurements. The secondary 
vernier scale is named after the French mathematician Pierre 
Vernier, who first devised the method in 1631. The vernier 
callipers in the form that we now recognise were developed by 
an American, Joseph Brown, in 1851.

Getting to know your vernier callipers
Figure 1 illustrates the different parts of manual vernier callipers. 
Figure 2 shows digital callipers. Both of these types can be used 
in three different ways:

 ■ measuring the external size of an object, for example the 
external diameter of a wire

 ■ measuring the internal size of an object, for example the 
internal diameter of a pipe

 ■ measuring the depth of the inside of an object, for example a 
measuring cylinder or beaker

The jaws of the callipers are adjusted using the wheel so that 
they either surround the object or are within the object. The 
vernier scale is then read, either manually as shown in Figure 1, 
or digitally as shown in Figure 2.

Reading a vernier scale
Figure 3 shows an example of a vernier scale. It has 10 divisions 
in a length equal to nine-tenths of the 10 divisions on the main 
scale. If the long ‘zero’ mark of the vernier scale is aligned with 

Physicists
Measurers of  
all things
The requirements for ‘Use of apparatus and techniques’ 
are common to all A-level specifications. Here Nicky Robinson 
discusses: ‘5. Use callipers and micrometers for small distances, 
using digital or vernier scales’. She explains the operation of analogue 
and digital instruments for measuring small sizes, gives you a guide in best practice in using these 
pieces of equipment and shows how to calculate the uncertainty in their measurements

 skillset

Figure 1 Manually read vernier callipers

jaws for measuring  
inner dimensions

jaws for measuring 
outer dimensions

sliding mechanism 
(sometimes a wheel)

vernier scale on 
base of window

stem for 
measuring depths

screw clamp

main scale

6233_PhysRev_25_4_Press2.indd   18 24/02/2016   10:24



19www.hoddereducation.co.uk/physicsreview

a mark on the main scale, all the other marks are mismatched 
(apart from the one at the far end). If the main scale is moved 
by one-tenth of a main-scale division, then the first short mark 
on the vernier aligns with a mark on the main scale; if the main 
scale is moved by two-tenths of a main-scale division, then the 
second short mark on the vernier lines up with a mark on the 
main scale — and so-on. 

Figure 3 shows how to read the vernier scale on a 
manually operated calliper. The vernier scale is read in the 
following order:

 ■ Read the whole number of cm showing on the main scale 
before the vernier scale starts, in this case 2 cm.

 ■ The tenths of a cm are read on the main scale just before the 
vernier scale starts, i.e. 0.3 cm in Figure 3.

 ■ Then take the reading on the vernier scale. Each mark on this 
vernier scale represents 0.01 cm, which gives you the resolution 
of the instrument. The reading is where the vernier and main 
scale marks are most closely aligned. In Figure 3 this is the third 
short mark along from the left, so 0.03 cm. The long mark on the 
left of the scale represents zero.

 ■ Add together the cm, tenths of a cm and hundredths of a 
cm to get your observed reading. So in Figure 3 this would be 
2.00 + 0.30 + 0.03 = 2.33 cm. 

Zero errors
If the jaws are closed and a zero reading is not obtained, 
then the readings have a zero error — readings are too big, 
or too  small, by the same amount as the reading. This is an 
example of a systematic error, and you need to take account of 
it in your experiments.

Zero errors occur through repeated usage of the callipers and 
sometimes through not-so-gentle usage, so please be kind to 
your instruments (and to your lab technicians who may have to 
spend their time mechanically correcting them). 

Table 1 shows how to correct for zero errors in manual vernier 
callipers. Zero errors can be either positive or negative. The zero 
error has a negative sign if the true reading is greater than the 
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Figure 2 Digitally read vernier callipers

Table 1 Correcting for zero errors with manual vernier callipers

Checking for zero error Observed reading
Actual reading (observed 
reading − zero error)

Zero vernier mark is to the right of the 
zero main scale mark so a positive zero 
error is seen

Positive zero error of + 0.03 mm where 
the tick marks align

Reading  = 10.0 + 0.02 = 10.02 cm Actual reading  
= 10.02 − (+0.03)  
= 9.99 cm

Zero vernier mark is to the left of the 
zero main scale mark, so a negative 
zero error is seen

Tick marks align at the 3 on the vernier 
scale; as the vernier scale has been 
shifted to the left this means that the 
negative zero error is −0.07 cm

Reading = 7.0 + 0.05 = 7.05 cm Actual reading  
= 7.05 − (−0.07)  
= 7.12 cm
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Figure 3 Reading the vernier scale
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observed reading. With a positive zero error the true reading 
is smaller than the observed reading. To calculate the true 
reading, you subtract the zero error (with its correct sign) from 
the observed reading. 

If digital callipers are producing a zero error, you can simply 
close the jaws and then press the zero button to reset the 
instrument and remove the error. 

The micrometer screw gauge 
Micrometers, also known as micrometer screw gauges, were 
developed much later than callipers, and were first recorded as 
being used by an English astronomer, William Gascoigne, in 
about 1638.

Gascoigne was developing a sextant (a device used to measure 
the angular distance between stars or other astronomical 
objects) that was more accurate and precise than sextants that 
had gone before. He realised that if the separation of the points 
was adjusted using a carefully calibrated screw thread then he 
could obtain the distance between objects with unprecedented 
precision. Hence the screw gauge was born.

Getting to know your micrometer screw gauge
Figure 4 shows the different parts of a micrometer screw gauge. 
The gauge consists of a very accurately threaded screw which, 
when the thimble is rotated, opens the micrometer’s jaws by a 
precisely known distance. In this example, rotating the thimble 
through one revolution opens the jaws by 0.50 mm. The thimble 
has 50 equal divisions, with each division representing one 
hundredth of a millimetre (0.01 mm — also the resolution of 
the micrometer).

The barrel has a datum line, usually graduated in whole 
millimetres along the top and half millimetres along the 
bottom. Be aware that a few have half millimetres on top and 
whole millimetres along the bottom.

The gauge is first opened using the thimble then tightened 
using the ratchet. There is a lock on the gauge so that, if you need 
to remove the object from the jaws to see the scales clearly, you 
can lock the jaws in position and take the reading as you take 
the micrometer away from the object. If it appears that your 
micrometer will not open or close when the thimble or ratchet 
is turned it is probably because the lock is on.

Figure 5 shows a digital micrometer screw gauge. The 
principles of using it are exactly the same as the micrometer 
shown in Figure 4. Notice that the micrometer in Figure 5 has 
resolution of 0.001 mm, which is finer than the manually read 
micrometer in Figure 4.

Making a measurement
To measure the size of an object the thimble must first be turned 
to increase the space between the anvil and the spindle (the jaws 
of the instrument) so that the object can be inserted. The jaws 
then need to be tightened using the ratchet. If there is one thing 
you must remember about a micrometer it is that you must only 
ever use the ratchet to tighten the jaws around an object, not the 
thimble. If you use the thimble you are at risk of over-tightening 
the gauge and introducing those pesky zero errors.

Figure 6 shows how to read the scale on a manually read 
micrometer screw gauge.

Figure 5 Digitally read micrometer screw gauge

Stage 2 Check whether 
any half millimetres are 
completely visible outside 
of the thimble; in this case 
there are none

Stage 3 Note where the 
tick mark on the rotating 
vernier scale most closely 
aligns with the datum line, 
i.e. 0.25 mm

Figure 6 Taking a micrometer reading

Figure 7 Positive (a) and negative (b) zero errors in a micrometer 
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Zero errors 
As with the vernier callipers, it is important that any zero errors 
are taken into account. Check for zero errors both before and 
after any readings are taken. Zero errors can be either positive or 
negative (Figure 7) and micrometers often develop such errors 
after a period of time being used.

Zero errors are likely to be introduced if you don’t use the 
correct procedure to tighten around the object — remember, 
always tighten with the ratchet and loosen with the thimble.

Table 2 explains how to how to take account of zero errors for 
manually read micrometer screw gauges. For the digital version 
you can close the jaws and then press the zero button to reset 
the instrument. 

Percentage uncertainty and resolution 
In order to estimate the uncertainty in your reading due to the 
resolution of your callipers or micrometer you first need to 
find the smallest (finest) scale division that your instrument 
measures to. For the callipers in Figures 1, 2 and 3 the resolution 
is 0.01 cm, and for the micrometers in Figure 4 and 6 it is 0.01 mm 
(0.001 cm). Be aware that some callipers and micrometers may 
have different resolutions.

Then you need to calculate the absolute uncertainty, which 
is half the finest scale division.

Finally you need to know the reading that you have taken, for 
example 2.33 cm in Figure 3 and 7.25 mm in Figure 6.

The equation for the fractional or percentage uncertainty is 
then:

uncertainy due to 
resolution of instrument

 = absolute uncertainty
measured value

For the calliper measurement shown in Figure 3: 

uncertainty due to resolution = 0.005 cm
2.33 cm

= 0.0021 = 0.21%
For the micrometer measurement shown in Figure 6:

uncertainty due to resolution = 0.005 cm
7.25 cm

= 0.0007 = 0.07%
Remember to quote the % uncertainty to the appropriate 

number of significant figures. In our examples it cannot be 
more than 3 sf as the measurements themselves are each to 3 sf. 
Uncertainties are often only quoted to 2 sf.

Notice that the uncertainty due to resolution of the instrument 
is the minimum uncertainty that will affect your measurements. 
For example, you might make several measurements of the 
diameter of a wire that differ by more than the instrumental 
uncertainty. The uncertainty in your averaged measurement 
will then be greater than the uncertainty due to the resolution 
of your measuring instrument. 

And finally
To summarise, here are a few top tips when you use your 
micrometer screw gauge and your vernier callipers:

 ■ Remember to take your zero error readings, ideally both 
before and after your main experiment.

 ■ Take at least three readings of the object in different places 
on the object, for example at different positions along a piece 
of wire, and then take an average for later calculations — the 
object may not be completely uniform.

 ■ If the object is spherical or cylindrical (such as a ball bearing 
or a wire) then remember to take the readings at different 
orientations as well as at different places, as the object may have 
become deformed in one particular orientation.

Nicky Robinson is a physics teacher at Reigate College, Surrey.

www.miniphysics.com/how-to-read-a-micrometer-screw-gauge.html

www.miniphysics.com/how-to-read-a-vernier-caliper.html

http://publications.npl.co.uk/npl_web/pdf/mgpg40.pdf
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Table 2 Correcting for zero errors with a micrometer

Checking for zero error Observed reading
Actual reading (observed 
reading − zero error)

Zero mark can be seen on 
the barrel

Positive zero error of 
+0.03 mm

Reading = 5.00 + 0.50 + 0.30  = 5.80 mm Actual reading  
= 5.80 − (+0.03)  
= 5.77 mm

Zero mark cannot be seen 
so clearly on the barrel

Negative zero error of 
−0.01 mm

Reading = 1.00 + 0.50 + 0.14 = 1.64 mm Actual reading  
= 1.64 − (−0.01)  
= 1.65 mm
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For those living under a rock, unaware of the recent Star 
Wars relaunch, the team at Disney and Lucasfilm has 
dreamed up a new, even cuter and more expressive 

robot than R2-D2. BB-8 is a fantastic spherical robot with a 
hemispherical head that can move separately from its body. 
This would probably have been much easier to put into the 
film afterwards using CGI (computer generated imagery) but 
they actually built a working robot, which wowed audiences at 
the premiers. So what would you need to do to build a BB-8? 
There are two conditions: we need a sphere that can roll in any 
direction, and we need the head not to fall off. 

Hamster balls
You have probably seen a hamster ball: the hamster runs against 
its inner surface to make it roll along the ground (Figure 1). 
We could replace the hamster with a wheeled robot. Its wheels 
would spin and the ball would move in a straight line until it hit 
an object; the bounce should re-orientate the ‘hamster’, making 
it spin the ball in in a different direction. If we wanted BB-8 to 
roll at different speeds we could replace the ‘hamster’ with a 

remote control car. Now we would have a rolling spherical robot, 
but we need to be able to make it change direction.

Sphero
Sphero is an app-controlled spherical robot that can be 
programed to roll around an obstacle course, changing speed 
and direction. Sphero SPRK+ (www.tinyurl.com/y983v8fl) has 
clear casing, so we can look inside. The robot has a spherical 
shell enclosing a motor, which has several wheels that make the 
sphere spin both horizontally and vertically, allowing the ball 
to roll. If the wheels spin clockwise, the robot rolls clockwise, 
as shown in Figure 2. If we want to change direction, the body 
spins inside the ball horizontally, pushing the sphere in the 
other direction, as shown in Figure 3. The motor is designed 
so that this can happen at the same time, allowing the robot to 
change direction quickly and take tight, circular paths. 

BB-8 itself
Now we have a basic spherical robot, but we need to add the 
most impressive feature of BB-8 — its incredibly expressive 
head. When BB-8 rolls, the head moves around independently 
of the body, otherwise it would hit the ground after half a turn. 
It is not stuck on. Unlike an acrobat balancing on a giant ball, 
the head is not used as the motor to turn the ball. If it were, the 
head would move further backwards when pushing the ball 
forwards more quickly. But BB-8’s head moves to the front when 

How to 
make a 
BB-8

How might we design a robot 
like the Star Wars BB-8? This 
article presents a possible 
design and discusses some of 
the relevant physics

The terms in bold link to topics in the AQA, Edexcel, OCR, WJEC and 
CCEA A-level specifications, as well as the IB, Pre-U and SQA exam 
specifications.

The control of a BB-8 robot involves sensing acceleration and 
orientation. Springs, piezoelectric crystals and capacitors can all 
be used in accelerometers. Conservation of angular momentum 
underlies the operation of gyroscopes, which are used to sense 
orientation.

Exam links 

Cassandra 
Wise

The Star Wars BB-8 robot
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it is charging forwards. The head can also spin around to look 
in different directions.

To find out how BB-8 is built we need to examine the patent 
covering the design of a similar spherical robot (Figure 4). 
Patents are documents that protect your intellectual property or 
ideas. If you invent something you can apply to the UK Patent 
Office in Wales or the European Patent Office in Munich. They 
check whether your idea is new. If it is, then other companies 
will have to pay to use your ideas. Patent attorneys are the 
lawyers who verify and record these applications. They are 
normally scientists with Masters degrees or PhDs, who have 
trained in law. Albert Einstein worked in the Swiss Patent Office 
for several years after graduating. 

The first feature that is different from Sphero is the use of 
‘multidirectional wheels’. These can be rotated by a motor to 
spin at many angles, removing the need for separate horizontal 
and vertical wheels. 

The patent describes a mast to keep the head on. We want the 
head to stay in the same position with respect to the ground as 

the body moves, so the mast must be able to move separately 
from the motor and not be fixed to it. This could be achieved with 
a counterweight and a pivot to swing the head back into position 
after the sphere starts rolling; the heavier the counterweight, 
the faster it would return to its position (Figure 5). To make the 
head follow the mast, we place magnets in the mast and head so 
that they attract each other, then add wheels to our head so the 
body rolls smoothly underneath it. This is shown in Figure 6. 

Figure 1 A hamster in a ball

Figure 2 The Sphero moves in 
the same sense as the wheels of 
the device inside (side view)

Figure 3 Changing the direction of 
the Sphero by rotating other wheels 
horizontally (view from above)
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Figure 4 Diagram from the BB-8 patent

Figure 5 The movable mast used to keep the head in place

Figure 6 The head is held close to the mast head using magnets
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along the axis of the spring, the spring extends and provides the 
force to accelerate the mass. The resultant force, F, acting on the 
mass, m, is:

F = ma = kx  (1)

where a is the acceleration and k is the spring constant of the 
spring. The extension is proportional to the acceleration. This 
simple system has a disadvantage — when the acceleration 
changes, the mass oscillates and takes a while to settle into its 
new position. 

To sense acceleration in a rolling robot we can use piezoelectric 
crystals. These are crystals (e.g. quartz) that produce an electric 
charge on their surface if a force is applied, so that there is a 
potential difference across the crystal (Figure 9). The size of 
the potential difference depends on the size of the force and 
hence on the acceleration of the crystal. We can measure the 
potential difference in three perpendicular directions to obtain 
information about acceleration in 3D. 

Alternatively we can use an accelerometer based on a parallel 
plate capacitor (Box 1). An accelerating force applied to a capacitor 
at right angles to the plates changes the plate separation. This 
changes its capacitance and, for a given charge on the plates, the 
potential difference between the plates changes in proportion to 
the acceleration.

The mast arrangement is very similar to an ‘inverted pendulum’. 
This would give us a BB-8 whose body would roll underneath its 
head and whose head would move around slightly then return 
to its central position once the movement had finished. 

To convey the full range of emotions and personality required, 
we need to control the movement of the head separately. We 
need to add wheels and a motor to the mast and put it in a ball 
socket so that it can rotate at many angles. We also need to move 
the counterweight lower into the base so that the frame is stable 
and does not topple. Figure 7 shows a suggested design. Finally, 
we need to rotate the head so that BB-8 can look around. This 
could be done by alternating the magnets in a ring around the 
head and mast — north–south–north–south. 

Controlling the robot
What a splendid BB-8 we have! It can move forwards and turn 
corners at various speeds, and its head can spin and move to 
different positions on the body independent of the motion of 
the sphere. However, this is going to be quite difficult to control. 
If the head moves independently, the driver needs to make sure 
it does not fall off. It might be easier if the head stayed in place of 
its own accord and its position could be overridden by the driver. 
So the top of the mast has a range of sensors, accelerometers and 
gyroscopes, so that it knows where it is relative to the ground 
and can turn its wheels to re-orientate itself. 

Accelerometers
BB-8 uses accelerometers to sense how fast it is changing velocity 
and hence how quickly it needs to move the mast and magnet to 
stop the head falling off. 

The simplest accelerometer is a mass on a spring (Figure 8). 
If there is an external force accelerating the tube horizontally 

Figure 7 The head movement is controlled by a separate motor in 
the mast head

equilibrium

direction of acceleration

Figure 8 A simple accelerometer

V

Applying a force to the crystal will induce a voltage

Figure 9 A piezoelectric crystal

Box 1 Capacitors

The simplest capacitors are made from two parallel metal plates 
separated by an insulator. They are used to store electric charge by 
making one plate positive and the other negative. If one plate has 
a charge +Q and the other a charge −Q, then there is a potential 
difference V between the plates that is proportional to Q:

Q = CV  (1.1)

The capacitance, C, of a capacitor depends on the surface area, A, 
of the plates, the material between them and their separation, d:

C = εA
d

  (1.2)

where ε is the permittivity of the material between the plates 
(permittivity describes how a material is affected by electric fields). 

Increasing the plate separation reduces the capacitance, and 
vice versa. If charge cannot flow between the plates or through an 
external circuit, then Q remains constant. If C is reduced, then V 
increases, and vice versa. 
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Because the spinning centre disc maintains a constant 
orientation it can be used in a sensor to monitor an object’s 
orientation. BB-8 can use gyroscopes to work out the angle of 
its head with respect to the ground. The heavy rotating mass is 
now replaced by a tiny vibrating plate of silicon or tiny tuning 
fork, which can reproduce gyroscopic behaviour. 

The final design
You can see that our design in Figure 11 looks a lot like the 
diagram from the patent in Figure 4 and should help remind you 
of the functions of the several parts of our BB-8.

Gyroscopes
A gyroscope usually has a frame holding a rotating object. 
This rotor tries to maintain its orientation in space in order to 
conserve angular momentum (Box 2). You may be familiar with 
the type of gyroscope shown in Figure 10. The central heavy disc 
always spins in the same direction and position regardless of 
whether you turn the gyroscope around or upside down. 

Box 2 Angular momentum

Linear momentum, p, describes motion in a straight line:

p = mv  (2.1)

where m is an object’s mass and v its velocity. If no external force acts 
on an object, or group of objects, the total linear momentum remains 
unchanged — it is conserved. 

Angular momentum, L, is a measure of rotational motion:

L = Iω   (2.2)

where ω is an object’s angular velocity and I is its moment of inertia. 
Angular velocity is usually measured in rad s−1, but can be expressed 

in degrees per second or revolutions per second (rev s−1). 
The moment of inertia depends on the object’s mass and its 

distribution about the rotation axis. For a point mass m whirled on a 

string of length r:

I = mr 2  (2.3)

and for a solid uniform sphere of radius r rotating about an axis 
through its centre:

I = 2mr 2

5
  (2.4)

In the absence of any external turning forces, angular momentum 
cannot change — it is conserved. For example, if you spin round 
on a swivel chair with your arms outstretched, then fold your arms 
close to your body (reducing your moment of inertia), you spin faster 
— your angular velocity increases in order to conserve your angular 
momentum. 

Magnets attract the
head to the mast

Wheels allow
the head to 
slide over the 
spinning body

Multi-directional 
wheels move the 
robot body by
remote control

A frame and heavy
counterweight keep
its centre of gravity
low and at the base
of the body

A ball-and-socket 
joint allows the 
mast to move
to various angles

Motorised wheels allow the
mast to move to new angles;
these can be activated 
automatically to compensate
for motion using sensors, 
or manually to pose 
BB-8’s head

Figure 11 Our final design

Cassandra Wise is a Star Wars fan and physics teacher at 
Kew House School in London. She previously worked in 
optoelectronics.

More on BB-8:  
www.howbb8works.com

The US patent for a spherical robot: 
www.google.com/patents/US8269447
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Figure 10  
A toy gyroscope
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(Note that you should never use the meter to measure current, 
voltage, resistance or continuity with the mains electricity 
supply.)

This video shows how to measure the average velocity of a 
glider on an air track using light gates:

www.tinyurl.com/l2tvp8r

And this one discusses using light gates to measure velocity 
and acceleration:

www.tinyurl.com/kgsa2q9 

Small distances, such as diameters of cylinders, or internal 
diameters of rings, can be measured with vernier callipers. This 
video shows how to read a vernier scale:

www.tinyurl.com/lwuzbhe

This video shows how to use a vernier calliper and a 
micrometer:

www.tinyurl.com/ldvwq4g

To investigate water waves you might use a ripple tank:

www.tinyurl.com/lwbsvmu 

The AS and A-level physics specifications have a 
common content set out in a document published by 
the Department of Education. This document includes a 

section on ‘Practical techniques to be gained by the candidate’. 
You can read the document at:

www.tinyurl.com/n2nqfnv

Measuring quantities such as length, temperature, force and 
angle is fairly straightforward and you may have done this at 
GCSE. At A-level it is important to be accurate, and to know 
the uncertainty associated with the technique you are using. 
This video will remind you how to use a measuring cylinder to 
measure the volume of an object by displacement:

www.tinyurl.com/jyjhqoy

Using a set-square to ensure something is perpendicular, and 
a plumb line to make sure something is vertical, are familiar 
techniques. This website has some advice on avoiding errors in 
measurements, including parallax error:

www.tinyurl.com/l2rmwta

In this lecture about simple harmonic motion, Walter Lewin 
does a quantitative test of the period of an oscillating mass on 
a spring. He discusses accuracy of timing and how to improve 
it. To time the pendulum more accurately he could have timed 
from the centre of the swing and used a fiducial mark (a centre 
line behind the pendulum) so that he could have timed more 
accurately when the pendulum crossed the line. However, this 
experiment is done in the context of a lecture and is good 
enough for his purpose. His other demonstrations are worth 
watching too:

www.tinyurl.com/md76jk8

You should know how to use a digital multimeter to measure 
resistance, voltage and current. This video shows how to use one. 

www.tinyurl.com/mfrbgnt 

 physics online

Practical skills
Your physics course gives you the opportunity to use a range of practical techniques.  
Here we look at some websites and YouTube videos that show some of these techniques, 
to remind you of the skills required
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Teaching notes 

Answers to questions  
How to make a BB-8  
1 energy, charge 

2 The left hand block has uniform density – the centre of mass is half way down the block. The 
right hand block has increasing density towards the bottom of the block, the centre of mass is 
approximately ¾ of the way down.  

When tilted at the same angle the weight of the left hand block acts beyond the pivot (corner of the 
block) and it would topple. The weight of the right-hand block acts to the left of the pivot so it would not 
topple but fall back – it is stable at greater angles of tilt 
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How to make a BB-8  
1 A gyroscope depends on the conservation of angular momentum. Name two other quantities 
that are always conserved in physical interactions 

2 Draw a diagram to explain why a lower centre of mass leads to an object becoming more 
stable and less likely to topple. 

Isaac Physics problems 

a more complicated capacitor question to go with Box 1 
https://isaacphysics.org/questions/variable_capacitor   

general angular vs linear motion 
https://isaacphysics.org/questions/angular_vs_linear  

conservation of angular momentum - Box 2 
https://isaacphysics.org/questions/spinning_ice_skater  
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