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James Webb Space Telescope

Christmas day of 2021 marked an important day in the history of human science:

the James Webb Space Telescope (JWST) was launched. It is the most powerful telescope

ever built, so powerful that you can see a penny from 24 miles away with it.

[sidebar info: The JWST is named after James E.Webb, who was the head of

NASA in the 1960s. One of the biggest NASA projects during his leadership was the

Apollo Moon Program.]

The research, planning, and building of the JWST took about 25 years. Three

space agencies collaborated: NASA, the European Space Agency, and the Canadian Space

Agency. During this time, NASA spent 9.7 billion dollars, the European Space agency

about 700 million euros, and the Canadian Space Agency about 200 million Canadian
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dollars.

All this money and the years of work of thousands of scientists, engineers, and

technicians were invested in building a telescope stronger than the Hubble Space Tele-

scope (HST). Why?

The HST takes images from faraway galaxies. Why would we need a new telescope,

stronger than the HST?

For a simple reason: we want to look at even farther galaxies that HST cannot

observe.

When you look at the sky, you see the past, not the present. For example, when

you look at the Sun now, you see it as it was 8 minutes before because the sunlight needs

about 8 minutes to reach the Earth. For a nearby object, this time difference doesn’t

matter. We don’t expect the Sun to change dramatically in 8 minutes. But for faraway

objects, this time difference matters significantly. When you take a photo from a faraway

galaxy whose light has been on the way for, let’s say, 100 million years, you see how that

galaxy was 100 million years ago! We don’t know how this galaxy looks like right now!

With the HST, we look back at about 400 million years after the Big Bang. This

was when galaxies were formed. What has happened in the first 400 million years of the

universe?

Our theory says that after the Big Bang, the universe was like a pot of hot soup.

A soup of protons, neutrons, and electrons. We named this time the cosmic Dark Ages,

simply because the universe was dark! A few hundred million years passed until the soup

got cold and hydrogen formed. Another few million years was needed until the first stars

and galaxies formed.

These were all theories. How do we know our theory is correct?

Well, we don’t know! Our theory may be inaccurate.

We never have had a telescope to observe the cosmic Dark Ages. This is the



Nooraee/James Webb Space Telescope 4

mission of the JWST to observe the cosmic Dark Ages, which the HST cannot do.

The JWST observes about 100 to 250 million years after the big bang. That

time universe was only 2% of its current age. It is like finding the childhood album of a

100-year-old human and looking at the photos when he was only a 2-year-old toddler.

To build such a powerful telescope, we needed mirrors bigger than the HST’s

mirror.

The JWST Mirrors

When you design a telescope, you should aim for the largest mirror you can build.

The bigger the mirror, the more light you gather, the better image of the distant objects.

However, building a mirror for a telescope has many limitations: it should be

polished and smoothed many times. Any residual of any texture destroys the image

quality. Besides, if you make a huge mirror, how would you fit it into a rocket? If the

JWST was a ground-based telescope, the mirror’s size wouldn’t be an issue. Just carry

the mirrors up to the mountain, into the observatory, and done. But the JWST was

meant to be a space-based telescope! We wanted to tuck it into the nose of a rocket and

sent it into space.

Engineers came up with a unique solution: the JWST has NOT one mirror, but

18 hexagonal mirrors, like a piece of honeycomb.

This design solved both problems: first, making 18 big mirrors was technically

possible. Second, we could fold the mirrors, like origami, and fit them into a rocket.

After the launch, when the telescope reached the orbit we wanted, we could deploy the

mirrors from the control station on Earth!

This design was very revolutionary and very risky. Just imagine, if because of any

simple mistake, the mirrors were not opened, the entire project was gone. There is no

way to send a human to fix the problem and to open the mirrors! However, we took the

risk and went for this design. Still, there was one more issue: to carry the JWST into
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space, mirrors were needed to be light.

To tackle this issue, mirrors were built from Beryllium. Beryllium is very light

and very strong for its weight. It is often used in building space shuttles. However, it

is not all benefits. Working with Beryllium is very unhealthy; even breathing its dust is

damaging. So, it took a lot of care and time to build the mirrors.

[sidebar info: With this revolutionary design, the JWST’s mirror is as tall as a

3-story building and 6 times bigger than the HST’s mirror.]

Just one more question: the JWST is supposed to look at the Cosmic Dark Ages,

right? If the universe was dark back then, how are we going to detect objects in darkness?

The JWST has not only an optical camera—like the camera you have on your

mobile phone. It also has an infrared camera.

Infrared observation with the JWST

Infrared—which means ‘below red’—are the wavelengths that our eyes cannot

recognize. Think of a rainbow; red is the last color you see.

Any object that you can imagine radiates infrared. Now that you are reading

this text, your body radiates infrared: your body warms the chair. When you stand up,

an infrared camera can show exactly where you sat on the chair. Infrared cameras can

record any negligible amount of heat.

We use infrared detectors everywhere. Have you seen videos or documentaries of

the animals who hunt at night, like owls or foxes? Those videos are taken with infrared

cameras, not optical ones.

In astronomy, we use infrared to detect objects that are far too cold to radiate at

optical, like cold atoms or molecules inside galaxies.

The JWST mirrors were coated with an unthinkably thin layer of gold; about 200

times thinner than the average human hair. Gold is the best material to reflect infrared
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light.

Still, there was one more challenge left: we need to keep the mirrors very cold.

Otherwise, if the mirrors get warm, the instrument records its own temperature, not the

heat of faraway objects. To tackle this, the designer came up with another revolutionary

idea: 5 large sunshields to protect the JWST.


