
Learning Objective

To write a series of commands to accomplish a goal. 

Resources Required

• Smartphone/device or computer to access Zap code 
(optional) 

Background to this Activity

The James Webb Space Telescope studies our Universe 
from a position in space called L2 (or second Lagrangian 
point), which is almost four times further away from Earth 
than the Moon or 1.5 million kilometres from Earth. By 
comparison, the Hubble Space Telescope orbits Earth at 
a distance of 568 kilometres.  

This activity provides students with the opportunity 
to consider why we go to the effort and expense of 
sending telescopes to space, rather than just studying 
our Universe from Earth. If we attempted to study the 
Universe from a populated area – such as Edinburgh’s 
city centre – the city lights and weather would create 
light pollution, reducing visibility even with a powerful 
telescope. It’d be even more difficult to study space from 
a city centre with high air pollution or smog.

Observing would improve from a desert mountain top. 
There is less chance of rain and cloud and our telescope 
would be above more of the atmosphere. To understand 
the advantages of being somewhere high, imagine 
looking across a parking lot on a hot day. Objects 
appear shimmery and hazy because light bounces 
and bends as it travels through turbulent hot air. The 
same thing happens when we look through the Earth’s 
atmosphere at objects in space. This is why stars twinkle! 
Observing from a high place means we look through less 
atmosphere and therefore get clearer and more stable 
views.   

Although there are many large, powerful telescopes 
on Earth, they can’t observe all the different types of 

light given off by things in space. Our atmosphere is 
transparent to the optical light our eyes can detect and 
to some radio waves, but it is (thankfully!) opaque to 
other types of light such as ultraviolet (UV), X-rays, and 
gamma rays. The atmosphere also blocks the infrared 
light which Webb is designed to detect, and which is 
necessary to study extremely distant things in space and 
things in very dusty environments, like newly formed 
stars and planets. Infrared telescopes like Webb – along 
with those studying other types of light blocked by the 
atmosphere – must be in space to work.   

Why can’t Webb be positioned closer to Earth, like the 
Hubble Space Telescope? In order to study infrared 
light from things in the Universe, Webb must be in a 
cold, stable place where it can see the whole of the sky 
over time. In addition, Webb’s sunshield must be able 
to protect its mirrors and instruments from the heat of 
the Sun, Earth and Moon to maintain the required low 
temperature on the ‘cold side’ (see Activity 3.1: Blueprint 
for Space for information about Webb’s hot and cold 
sides). An orbital position called “L2” - which is on the 
opposite side of the Earth from the Sun and almost four 
times further away from Earth than our Moon – meets 
both of these requirements. L2 is about 1.5 million 
kilometres from Earth. 

But sending a telescope so far into space has some 
disadvantages. Webb is too far away from Earth to be 
maintained or repaired, should it break or be damaged. 
Hubble was serviced by astronauts five times. During 
these services, instruments were replaced due to failure 
or wear, and other instruments were added when newer 
technology became available. These repair missions 
were possible because of Hubble’s proximity to Earth.        

Running the Activity

Explain to students that this activity will involve thinking 
about the position of the telescope. Show students 
where L2 is using this image of Webb’s orbital position: 
https://jwst.nasa.gov/images/l2.2.jpg  
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Discuss the pros and cons of the suggested sites, using 
the background information above. Ask students to 
make their own list, or contribute to a whole class list. 
e.g.:

Manchester City Centre 

Pros:  

• Any problems could be fixed on site 

• Information would be readily available 

Cons:  

• Light and pollution would decrease the effectiveness 
of the telescope 

• City centres are crowded and there is little space for 
a telescope 

A cold, dark place in space, 4x further away than the 
moon 

Pros:  

• Infrared light from a distant star has not been 
absorbed by Earth’s atmosphere 

• The whole sky can be viewed over time from L2 

Cons:  

• Expensive and technically difficult to launch a 
telescope into space 

• Any malfunctions are too far away to fix 

Ask students to suggest why, based on their lists, we go 
to the effort and expense of sending the telescope to 
space. 

Ask students to start by completing the maze on 
the worksheet. Next, show students how to identify 
and record the commands on the grid, to guide the 
telescope to its destination.  

(Depending on the age and ability of the class, identify 
the best of the four locations.)   

Solutions to the Activity

Questions for the Class
• Why do we send telescopes to space? 
• Why is the positioning of Webb so important? 
• What are the difficulties of having the telescope so 

far away? 
• How can the telescope communicate with Earth? 
• Why do we use set commands to program machines?   

Additional Challenges / Extension Activities

Ask students to use squared paper to design their own 
map/maze with missing directions. 

Investigate the locations of different telescopes on 
Earth and in space and think about their similarities and 
differences. 

If possible, arrange a visit to a telescope/observatory 
(see Useful Links for locations). Think about why that site 
was chosen. 
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Ideas for Differentiation

Support: 

• Provide students with pros and cons cards to match 
with a particular site 

• Discuss as a class which would be the best  

• Have students work with a partner to write the 
sequence of commands 

• Provide some initial commands to model the activity 
for students to follow     

Challenge: 

• Allow students to decide which location they need to 
travel to (1, 2, 3 or 4) prior to completing the maze 

• Create a reverse series of instructions to describe an 
imaginary return journey   

Useful Links

This image shows Webb’s orbital position: https://jwst.
nasa.gov/images/l2.2.jpg 

This website provides a map of observatories across the 
UK: https://gostargazing.co.uk/observatories-in-the-uk/   

ZAP! Students can independently access multimedia 
resources using the Zappar mobile/tablet app. See 
Zappar instructions at the link below and note that the 
mobile/tablet will need to be on a WIFI connection: 
discoverydiaries.org/toolkit/discovery-diaries-zappar-
instructions/

If you don’t have access to the internet in the classroom, 
all Zap code content is available to download on the 
activity’s web page (see link to the left) as a PowerPoint 

presentation or as bundles of images.

Find more great space-themed STEM resources at 
https://www.stem.org.uk/esero
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Learning Objective

To decode encrypted words. 

Resources Required

• Smartphone/device or computer to access Zap code 
(optional) 

Background to this Activity

This activity uses the James Webb Space Telescope’s 
deployment sequence as the basis for developing 
visual literacy and coding skills. Prepare students by first 
completing Activity 3.1: Blueprint for Space – so they are 
familiar with Webb’s different components – and Activity 
3.4: Pack Your Payload so they understand that Webb is 
folded up when it is launched into space. 

The journey from Earth to L2 – where Webb is positioned 
to study our Universe – takes 30 days. During this 
journey, Webb’s components deploy in a complex 
sequence. For the purposes of this activity, deployment 
has been simplified, focusing on some of the key 
components of Webb. This will help students understand 
that the way Webb folds up to fit into its rocket relates 
not only to how it deploys but also to the functions of its 
various parts.    

This 12-minute animation shows Webb’s launch, 
deployment sequence and orbital position: 
https://youtu.be/OlAAD0AgV54 It is quite detailed and 
includes complex scientific vocabulary. 

A shorter (5-minute) version of the animation showing 
the deployment sequence is available at: 
https://youtu.be/bTxLAGchWnA 

These animations show how complex the deployment 
of a space telescope is. Each step of deployment must 
be carefully planned and calculated before launch, and 
the deployment sequence pre-programmed. Coding 
must be error-free and clearly expressed, otherwise the 

telescope won’t deploy correctly, resulting in potential 
damage or mission failure.        

Running the Activity

In this activity the students will crack a coded message to 
activate the deployment of Webb. Start by revising the 
telescope’s purpose and the parts that the students have 
learnt from previous activities. 

Explain to the students that Webb is packaged carefully 
before it is launched into space. Ask the students if they 
can suggest any reasons why. Establish that it is because 
of Webb’s huge size and also to keep it protected and 
make it less likely to be damaged as it travels through 
space. Watch the animation showing the deployment 
sequence at: https://youtu.be/bTxLAGchWnA  

Discuss the sequence step by step. Ask the students 
to suggest why the parts deploy in a certain order. For 
example, can the students explain why the sunshield 
or the solar panels deploy early in the process? Use 
dictionaries to check the meanings of words. 

Introduce the activity and model how to solve the 
coded elements. Once students have decoded each 
component, they can order them according to Webb’s 
deployment sequence.  

Solutions to the Activity

3: Sunshield — Webb’s sunshield protects its instruments 
from the heat and light from the Sun, Earth and Moon. 
Its complex design means it takes three days to fully 
deploy, starting on Day 3 after launch. First, the pallet 
on either side of Webb is released, then the sunshield – 
made up of five layers of a reflective and heat-resistant 
material called Kapton – is released. The sunshield 
is then stretched out and tensioned, to create gaps 
between each of its layers to deflect heat away from 
Webb’s instruments.   

1: Solar Panels — Thirty minutes after launch, Webb’s 
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solar panels are deployed to provide it with power. 
Webb only has a small battery so it relies on its solar 
panels for power. 

4: Secondary Mirror — On Day 11 of Webb’s journey to 
L2, its secondary mirror is unhinged to sit in front of the 
primary mirror. The secondary mirror focuses the light 
collected by the primary mirror and directs it into Webb’s 
instruments.   

5: Primary Mirror — The final stage of Webb’s 
deployment is the primary mirror. In order for the huge 
primary mirror to fit inside the payload dock, its outer 
panels are folded back at 90-degree angles. From Day 
12-14 after launch, these ‘wings’ are deployed in turn. 

2: Antenna — Two hours after launch, Webb’s antenna is 
released but it is not deployed until one day after launch. 
The antenna provides two-way communication between 
Webb and Earth, receiving commands and sending its 
findings to NASA’s Deep Space Network. 

Questions for the Class
• Why does the telescope follow a particular 

deployment sequence? 
• Why does a deployment sequence need to be 

carefully coded before a telescope is launched into 
space? 

• What problems might the telescope encounter as it 
travels into space? 

• What is the difference between coding and 
encryption? 

• Why do we use encryption? What are some examples 
of encryption that we use on Earth? 

Additional Challenges / Extension Activities

Link to English and write an explanation text about the 
process of Webb’s deployment. Include time and causal 
conjunctions. 

Research how a telescope works. 

Investigate how solar panels convert light into electricity. 

Explore the history of encoding messages and develop 
your own code to send top secret messages. 

Ideas for Differentiation

Support: 

• Work collaboratively on the code or add in some 
letters before the students start. 

• Provide some of the words and ask the students to 
identify which encoded word they are.  

Challenge: 

• Write your own coded message for an aspect of the 
telescope’s deployment. 

• Create codes for deployment steps which are not in 
the worksheet and add these to the sequence. 

Useful Links

This webpage contains various short animations showing 
the deployment of different parts of Webb: 
https://svs.gsfc.nasa.gov/10337     

ZAP! Students can independently access multimedia 
resources using the Zappar mobile/tablet app. See 
Zappar instructions at the link below and note that the 
mobile/tablet will need to be on a WIFI connection: 
discoverydiaries.org/toolkit/discovery-diaries-zappar-
instructions/

If you don’t have access to the internet in the classroom, 
all Zap code content is available to download on the 
activity’s web page (see link to the left) as a PowerPoint 
presentation or as bundles of images.

Find more great space-themed STEM resources at 
https://www.stem.org.uk/esero
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Learning Objective

To estimate and compare acute and obtuse angles. 

Resources Required

• Smartphone/device or computer to access Zap code 
(optional) 

• Protractors 

• Rulers

Background to this Activity

The James Webb Space Telescope will study our 
Universe from deep space for at least five years. During 
this time, different researchers will use it to study specific 
space objects and answer scientific questions about our 
Universe. Scientists who want to use Webb must pitch 
research proposals. A peer review committee decides 
who gets to use the telescope, after reviewing the 
proposals.   

In just five months, 13 different research groups will 
use Webb to conduct surveys of galaxies, observe the 
formation of stars, examine the chemistry of stars and 
study exoplanets. These 13 research groups represent 
over 250 investigators from 18 countries and 106 
institutions, demonstrating that Webb is a global project 
with a local story.    

In this activity, students are asked to take on the role of 
scientific investigator, ‘calibrating’ Webb so that it can 
then look objects of interest.       

Running the Activity

Before completing the worksheet, ensure students know 
how to use a protractor (or angle measurer) to measure 
angles:  

Place the protractor along the reference line, with the 
midpoint on the vertex of the angle.   

Ensure that the 0 degrees line of the protractor is in line 
with the reference line.  

Following the direction of the arrow, read the degrees 
where the line to the point of interest crosses the 
number scale.  

Introduce the concept of calibration. (Calibration refers 
to the act of evaluating and adjusting the precision and 
accuracy of measurement equipment.)   

Point out the vertical reference line on the worksheet 
and demonstrate measuring the angle from Webb’s 
secondary mirror to the example, which has been 
marked on the worksheet as 90o. Model how to 
estimate, considering to the angle types (acute, right, 
obtuse). Then demonstrate how to measure the angle 
accurately, arriving at the answer: 90 degrees.   

Now ask the class to work alongside you as you look 
at the next point of interest, Neptune. Note that the 
angle is not drawn, so model using a ruler to draw an 
accurate line from Webb’s secondary mirror (see Activity 
3.3: Blueprint for Space if you aren’t familiar with Webb’s 
structure) to the centre of the circle marking Neptune.   

Discuss the type of angle and use this to help make an 
estimate. Allow time for students to make their own 
estimate. Ensure students understand that an estimate is 
an approximated measurement.  

Model how to align the protractor to the reference line 
and the vertex of the angle, ensuring that the crosshairs 
are correctly placed. Allow time for students to measure 
the angle and record. Have a student demonstrate 
measuring the angle to the class. Check that students 
have used the correct scale when reading the protractor. 
Students should then be able to identify the type of 
angle.   

Students should now be able to repeat these steps 
independently, for the remaining angles. Students could 
use different coloured pens or pencils to make the 
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angles clearer.

Encourage students to check measurements with a 
partner as they progress.

Complete the activity by sharing the solutions with the 
students.  

Solutions to the Activity

Students in Lower KS2 would be expected to be 
accurate to within 2 degrees.  

Students in Upper KS2 would be expected to be 
accurate to within 1 degree.   

Note that there may be some variation in results, 
depending on how accurately students draw lines from 
the secondary mirror to the centre of each point of 
interest.  

1: Neptune

Exact: 117o 
Angle Type: Obtuse  
(Acceptable range: 116-119o)  

2: Hubble Deep Field  

Exact: 77o 
Angle Type: Acute 
(Acceptable range: 76-79o)  

3: Trappist-1  

Exact: 58o 
Angle Type: Acute  
(Acceptable range: 56-59o) 

4: Pinwheel Galaxy  

Exact: 100o 
Angle Type: Obtuse  
(Acceptable range: 98-101o) 

5: Pillars of Creation  

Exact: 82o 
Angle Type: Acute  
(Acceptable range: 80-83o)  

Questions for the Class
• What does calibration mean? 
• Why is the calibration of the telescope so important?  
• Which angle is the largest? By how many degrees is 

it larger than a right angle?  
• Add two more angles to ensure that the calibration 

is as accurate as possible. What types of angles are 
these and what do they measure?  

• Can you draw an angle of 200°? What type of angle 
is this?  

Additional Challenges / Extension Activities

Write a research proposal pitch, arguing why it’s 
important to study a particular space object (real or 
imaginary – based on the points of interest) and what 
you hope to learn through your research. 

Ideas for Differentiation

Support: 

• Draw and mark in the angles before giving the 
students the sheet. Ask them to name each angle 
and estimate its size. 

• Some students may benefit from working in a guided 
group, working through the estimate and naming 
process for each angle with an adult to support.  

• Provide students with the key vocabulary they will 
need e.g. acute, obtuse, right angle. 

• Students could be provided with a range of angle 
measurements to select the correct measurements 
from. 

• Lower Key Stage 2 may name and estimate the 
angles but not measure unless appropriate.   
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Challenge: 

• Measure the angles to the exact degree. 

• Students working at greater depth within age related 
expectations could be asked to mark in different 
angles including acute, obtuse and reflex. 

Useful Links

This animation shows how Webb is able to observe all 
parts of space from its position on L2, studying different 
parts of the sky at different times of the year: https://
webbtelescope.org/contents/media/videos/1157-Video    

ZAP! Students can independently access multimedia 
resources using the Zappar mobile/tablet app. See 
Zappar instructions at the link below and note that the 
mobile/tablet will need to be on a WIFI connection: 
discoverydiaries.org/toolkit/discovery-diaries-zappar-
instructions/

If you don’t have access to the internet in the classroom, 
all Zap code content is available to download on the 
activity’s web page (see link to the left) as a PowerPoint 
presentation or as bundles of images.

Find more great space-themed STEM resources at 
https://www.stem.org.uk/esero
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Learning Objective

To develop scientific vocabulary. 

Resources Required

• Smartphone/device or computer to access Zap code 
(optional) 

Background to this Activity

Word searches are a fun way to extends your students’ 
vocabularies. Students can add the words they find to 
their Visual Dictionary of Deep Space: discoverydiaries.
org/activities/visual-dictionary-of-deep-space/

Running the Activity

The word searches provide an opportunity to review 
and discuss what has been covered in each chapter. As 
students work through the chapters, remind them to 
write key words in their Visual Dictionary of Deep Space 
(see Activity 6.2: discoverydiaries.org/activities/visual-
dictionary-of-deep-space/) to help create a word bank. 

For each word search, look at the starting letters noted 
below the word search grid. As a class or in student 
pairs, discuss what some of the words might be. Ask 
students if they can identify any of those words. 

Subsequent word searches can be tackled more 
independently once students understand the format.  

Solutions to this Activity

Word Search Chapter 2: Light, Prism, Reflect, Spectrum, 
Infrared, Optical, Gradient, Absorb 

Word Search Chapter 3: Discovery, Construct, 
Experiment, Structure, Mirror, Method, Engineer, Payload 

Word Search Chapter 4: Program, Commands, Deploy, 
Encryption, Calibrate, Instrument, Decode, Sequence 

Word Search Chapter 5: Astronomer, Spiral galaxy, 

Protostar, Data, Infographic, Celestial, Planet, 
Atmospheric 

For definitions, see the Deep Space Glossary: 
discoverydiaries.org/toolkit/deep-space-glossary/

Additional Challenges / Extension Activities

Ask students to make their own deep space-themed 
word searches. Download and print our blank word 
search template to use with your class: discoverydiaries.
org/toolkit/word-search-template/

Ideas for Differentiation

Support: 

• Work as a class or in groups to find definitions, 
assigning words to students. 

• Work as a class or in groups to create a song using 
vocabulary from the chapter.  

• Provide hidden words to students. 

Challenge: 

• Once students have completed the word searches, 
ask them to develop their own using their 
dictionaries. They can then test a classmate with 
their word search. Differentiate by giving clues as the 
whole word, the first letter or a clue/definition of the 
word. 

Useful Links

Deep Space Glossary: discoverydiaries.org/toolkit/word-
search-template/

ZAP! Students can independently access multimedia 
resources using the Zappar mobile/tablet app. See 
Zappar instructions at the link below and note that the 
mobile/tablet will need to be on a WIFI connection: 
discoverydiaries.org/toolkit/discovery-diaries-zappar-
instructions/

WORD SEARCHES
Found throughout the
Deep Space Diary

Chapter Two: discoverydiaries.
org/activities/chapter-two-word-
search/
Chapter Three: discoverydiaries.
org/activities/chapter-three-word-
search/
Chapter Four: discoverydiaries.
org/activities/chapter-four-word-
search/
Chapter Five: discoverydiaries.org/
activities/chapter-five-word-search/
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If you don’t have access to the internet in the classroom, 
all Zap code content is available to download on the 
activity’s web page (see link to the left) as a PowerPoint 
presentation or as bundles of images.

Find more great space-themed STEM resources at 
https://www.stem.org.uk/esero
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