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JWST Education Package  
 

Introduction 

The James Webb Space Telescope is one of NASA’s greatest endeavors and aims to 
increase our understanding of the universe, as we know it.  To push the boundaries of space 
exploration and go beyond the great achievements of Hubble, NASA, ESA, and CSA designed 
Webb to be much larger, much colder, and operate much further away from earth.  The contents 
of this educational package were composed in a manner that we have found to be highly 
effective with students, teachers, and space enthusiasts alike at highlighting and explaining 
some of Webb’s most critical differences from other space observatories.   
 

Past Observatories 
 

When studying the vast expanse of the universe, it is useful to utilize and observe in all 
different regions of the electromagnetic spectrum.  As Figure 1 shows, we use different space 
telescopes to do this, each of which provides critical information to help us further understand 
the universe in which we live. 

 
The Hubble Space Telescope, arguably the most well known of all space telescopes, 

uses its nearly eight foot diameter primary mirror to look over 13 billion years back in time, 
primarily in the visible light portion of the electromagnetic spectrum.  The images it captures are 
crystal clear due to its high precision pointing capability and the lack of an atmosphere in space.  
If one has seen high quality pictures of deep space, chances are Hubble took it.  Figure 2 shows 
two of Hubble’s most well known photos, the Hubble ultra Deep field and the awe inspiring close 
up of the Pillars of Creation, located within the gigantic Eagle Nebula. 

 
 
 

 

Figure 1. The electromagnetic spectrum and respective space 
observatories. Credit: NASA 
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What’s Next 
 

To complement the huge amount of data and images gathered by the Hubble Space 
Telescope, engineers and scientists have designed and are in the process of assembling the 
James Webb Space Telescope (JWST). There are many differences between Hubble and 
JWST, one of the most noticeable being the differences in primary mirror sizes.  Figure 3 shows 
the difference between Hubble’s eight-foot diameter primary mirror and JWST’s giant 21-foot 

Figure 3.  Size comparison between the Hubble Space Telescope’s primary mirror and that of 
the James Webb Space Telescope.  Credit: NASA 

 

Figure 2: Two of Hubble’s most famous images: The Hubble Ultra Deep Field (Left) and the Pillars of 
Creation (right).  Credit: NASA 
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primary mirror.  A larger mirror allows the telescope to collect more photons from fainter objects, 
giving Webb the ability to see farther back in time.  While a bigger mirror is generally better, any 
space telescope design is going to be constrained by the size of the launch vehicle.  In order to 
overcome the challenges of fitting JWST’s large mirror inside the launch vehicle (Ariane 5), 
engineers have designed Webb to fold up origami style and once in deep space, go through a 
series of robotic deployments to unfold into its scientific configuration. 
 

Another fundamental 
difference between Hubble and 
JWST is the region of the 
electromagnetic spectrum in 
which they will be observing.  
The Hubble Space Telescope 
looks into the deep reaches of 
our universe primarily in the 
visible light portion of the 
electromagnetic spectrum while 
JWST will look out into space in the infrared (IR) spectrum.  Just as one is able to see through 
the opaque nature of smoke using an infrared camera, shown in Figure 4, astronomers will 
effectively be able to see into and beyond interstellar clouds, known as nebulas.  Figure 5 
shows part of the Eagle Nebula known as the Pillars of Creation in both the visible and IR 
spectrum, quite an observational difference! 

 

When looking at objects in the IR spectrum, the observatory performs optimally at very 
cold temperatures.  In order to protect JWST from the heat emitted by the sun, engineers use 
five layers of space tinfoil, known as kapton, to passively radiate heat away from the sensitive 

Figure 5. The Pillars of Creation shown in the visible and infrared spectrum.  Credit: NASA 

 

Figure 4.  By observing in the infrared spectrum, one is able to 
see though the opaque nature of the black bag.  Credit: NASA 
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instruments inside the Webb.  As 
illustrated in Figure 5, the optical 
telescope element will always be faced 
away from the light of the sun and the 
five layer sunshield will accomplish a 
nearly 600 degree F change in 
temperature! 
 

Unlike Hubble, which is in a low 
earth orbit, Webb will be stationed at the 
second sun-earth Lagrange point, a 
heliocentric orbit that is about 1 million 
miles away from earth.  Figure 6  shows 
this location relative to earth and how 
JWST will stay positioned to protect itself 
from the sun.  The second sun-earth 
Lagrange point is one of five Lagrange 
points and is an optimal region for 
telescope stationing as the gravity from the sun and earth act on Webb in such a way that it 
needs very little propulsion to stay at that region in space.  Webb will use reaction wheels, a 
device similar to gyros, to maintain its pointing authority at distant objects and allow JWST to 
operate on very little propulsion, thus saving weight for launch.  

 
 
 

The Transforming Nature of JWST 
As mentioned earlier, JWST will have to fold up to fit on top of the Ariane 5 launch 

vehicle and once in space go through a complicated choreography of robotic deployments to 
unfold into its scientific configuration.  There are over one hundred mechanisms onboard the 

Figure 5.  Webb’s orientation to the sun and 
the large temperature drop due to passive 
cooling by the sunshields.  Credit: STScI 

Figure 6.  JWST be stationed at the second sun-earth LaGrange point, keeping the 
optical telescope element protected from the sun by its huge sunshields. Credit: LA 
Times 

         



 5 

Webb to assist the major deployments. The 
first deployment is the solar array, so Webb 
can start receiving the constant flow of 
energy from the sun.  Following the solar 
array deployment comes the high gain 
antennae, so that engineers and scientist 
can effectively communicate with the Webb.  
After Webb is able to power itself and 
communicate with engineers on Earth, it is 
essential to start protecting itself from heat 
radiated by the sun.  To do this, the unitized 
pallet structure (UPS) must fold down in the 
front and back of Webb, halfway unfolding 
the large sunshield.  Following the UPS 
deployment, the optical telescope element 
(OTE) must separate from the rest of the 
spacecraft so that the mid booms on either 
side of Webb can pull out and unfold the 

second half of the sunshield membrane.  Now that the tennis court sized membrane is unfolded, 
a tensioning system can pull each layer taught.  The separation between the layers allows the 
Webb to cool from a hot 185 F to -388 F (or 50 Kelvin)!   After the sunshields are tensioned, a 
radiator panel will deploy on the backside of the OTE.  This panel helps divert heat generated 
by electronics from obstructing Webb’s view.  Once JWST is protected from various sources of 
radiated and conducted heat, the secondary mirror support system can be deployed followed by 
the primary mirror wing segments. An animation of Webb’s full deployment sequence can be 
seen on YouTube at www.youtube.com/watch?v=bTxLAGchWnA.   
 
 With the Webb’s anticipated launch date in October of 2018, there is still plenty of time to 
catch up on your Webb fun facts and spread the word about NASA’s next great space 
observatory!  For more information about the James Webb Space Telescope, please visit 
www.JWST.NASA.gov. 

                        
Figure 7. JWST is folded up so that it can fit inside 
of the launch vehicle, robotically unfolding in space 
like a transformer!  Credit: NASA/ESA 
 



Links to in-depth facts on the James Webb Space Telescope 
 
About Launch 

● http://jwst.nasa.gov/launch.html 
 
About the Webb 

● http://jwst.nasa.gov/about.html 
 
Vital Facts 

● http://jwst.nasa.gov/facts.html 
 
JWST fun pad 

● http://jwst.nasa.gov/teachers_informal.html 
 
James Webb 360 

● http://insights.globalspec.com/article/772/the-precision-and-pro
mise-of-the-james-webb-space-telescope 

 
Full Scale Model pic 

● http://insights.globalspec.com/article/772/the-precision-and-pro
mise-of-the-james-webb-space-telescope 

 
Sped up version of deployment has credits in video 
 
Telescope Size 

● http://upload.wikimedia.org/wikipedia/commons/thumb/c/c5/Co
mparison_optical_telescope_primary_mirrors.svg/1024px-Com
parison_optical_telescope_primary_mirrors.svg.png 

 
NGAS SS Deployment 

● https://www.youtube.com/watch?v=PVAe9Ovca5Q 
 
NGAS Deployment Animation 

● https://www.youtube.com/watch?v=bTxLAGchWnA 
 
 
Hubble Probes the Early Universe 

● https://commons.wikimedia.org/wiki/File:Hubble_Probes_the_E
arly_Universe.jpg 
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JWST First Light 

● http://www.stsci.edu/jwst/science/first-light-and-reionization 
 
JWST Timeline of Universe 

● http://jwst.nasa.gov/firstlight2.html 
 
Webb Orbit 

● http://earthsky.org/space/five-cool-things-to-know-about-james-
webb-space-telescope 

 
JWST Orbit Zoomed 

● http://graphics.latimes.com/towergraphic-james-webb-telescope
/ 

 
JWST Science Details (Halfway down page) 

● http://elementy.ru/lib/430919 
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