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B
all Aerospace & Technologies Corp. is part of a team

building NASA’s James Webb Space Telescope (JWST),

is a follow-on to the Hubble Space Telescope. JWST will

image galaxies and galaxy clusters in greater distances than ever

before. Under contract to Northrop Grumman Space Technology

(NGST), Ball Aerospace is responsible for the telescope’s

sophisticated folding, segmented mirror system, designed to

operate in the infrared to study emissions from objects that formed

when the universe was just beginning.

Scheduled for launch in 2013, the JWST is designed to study

objects up to 400 times more faint than current ground- and

space-based telescopes.

James Webb

Space Telescope

Key Elements of the

Ball Aerospace JWST Concept
• A large collecting area and wide field of view

• Lightweight beryllium mirrors with excellent

optical, structural, thermal, and mass properties

• Efficient folding scheme to allow packaging

JWST into existing launch vehicles

• Lightweight construction to allow varied launch

vehicle and orbit options

Questions to be Answered

by JWST
• When did galaxies first form?

• What were they like at birth?

• How and why did the galaxies evolve?

• What are the values of the fundamental cosmological

parameters?

• Can supernovae at very high red shifts help us learn

about the earliest star generations and the synthesis of

heavy elements?

• What can the Kuiper Belt objects reveal about the early

history of our own solar system?

A deep view from the Hubble Space Telescope shows the

vast amount of data that can be collected by space-based

telescopes. The JWST will be able to investigate these

regions in much greater detail.

from the youngest galaxies can be seen in the infrared

wavelength due to the universe’s expansion. Closer to

home, the JWST will probe the formation of planets in

disks around young stars, and study supermassive black

holes in other galaxies.

Engineers make adjustments to a 1/6-scale model of the JWST

primary mirror. The model is being used to develop algorithms

that will refine the focus of the telescope.

• A basic design that is scalable to a wide range of

aperture sizes

• Large volume for onboard scientific instruments

• Thermal design for effective passive instruments

cooling



times for individual observations and the total time necessary

to conduct observations and is developing end-to-end

simulations to test the design and expected performance,

including deployment, line-of-sight stability, thermal

distortions, and pointing control.

Ball Aerospace used it's extensive experience building space

hardware for NASA and other customers to propose a plan

for the development, validation, and flight demonstration of

technologies that will benefit the JWST.

The Ball Aerospace approach is also based on enhancing

technologies that have the potential to improve scientific

capabilities, to reduce the development difficulty, to reduce

life-cycle costs, and improve the prospects for long-term

performance and productivity.

Once JWST reaches its destination — an orbit 940,000 miles

in space, called the second Lagrange Point or L2. The

spacecraft will be balanced between the gravity of the sun

and the Earth. JWST will begin its science mission about six

months after launch. The telescope’s infrared capabilities are

needed to help astronomers understand how galaxies first

emerged after rapid expansion and cooling of the universe

just a few hundred million years after the Big Bang. The light

Scientists using the JWST will be able to study objects

that are very faint, with much of their observable light in

the near-infrared region of the spectrum.

To do this, the telescope is designed with the following:

• High sensitivity to faint light sources

• Narrow angular resolution for crowded fields of view

• Wide field of view to observe large areas

• Passive cooling to cryogenic temperatures

The Mirrors

Ball Aerospace has teamed with NGST on a telescope design

with a primary mirror that is 6.5 meters in diameter. The

large, light-collecting area of this mirror allows superior

viewing of extremely faint targets. Additional mirrors within

the telescope remove residual wave-front errors and provide a

wide field of view and pointing and tracking control.

Ball Aerospace engineers designed a unique approach to the

telescope’s primary mirror, segmenting it into three sections:

a fixed, central section and two movable side wings. Initially,

the side wings will be folded back to fit into the launch

vehicle, then deployed in orbit.

This design will be implemented with lightweight, beryllium

mirrors. The large primary mirror  — seven times the size of

Hubble — will be a mosaic of 18, 1.3-meter, hexagonal

mirror segments. Each panel is attached to a structural

backplane and equipped with actuators to allow on-orbit

adjustments.

The Instruments

Instruments located behind the primary mirror will record the

data. These instruments include a Near-infrared Camera, a

Near-infrared Spectrograph, a Fine Guidance Sensor, and a

Mid-infrared Imager. The JWST's foldable mirror will be the

first segmented optical system deployed in space. The giant

telescope's five-layer sunshield, nearly the size of a tennis

court, will shield JWST from sunlight and keep the optical

system at a cool 188 °C (-370 °F), enabling the telescope to

see light in infrared wavelengths.

Ball Aerospace took many of the challenges of the telescope

and orbit into account, including the optics throughput,

telescope emission and astronomical backgrounds. Ball

Aerospace developed computer models to estimate exposure

An important feature of

the telescope is the

division of the primary

mirror into three major

sections: a fixed central

section and two movable

side segments. The side

segments are initially

folded back to permit the

mirror to fit into the

shroud of the launch

vehicle. Once in orbit,

these panels unfold

using simple, and

reliable hinges.

These points show the minimum brightness of a point source that

could be detected with a signal-to-noise ratio of 10 in 100,000

seconds of exposure time for imaging and spectroscopy.

The primary mirror is composed of

18 primary mirror segment

assemblies that are mounted to a

composite backplane assembly.

JWST optical/physical characteristics are directly traceable to the

use of a large, light-weighted, semi-rigid, beryllium substrate with

tip, tilt, piston plus RoC control.

Ball Aerospace’s fifth-generation

actuators provide precise

alignment of the primary mirror

segments and secondary mirror.


