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Properties of light

Reference - Space Sailing by Jerome L. Wright, Gordon 
and Breach Science Publishers 1994

Much more current - https://en.wikipedia.org/wiki/Solar_sail
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Properties of light, cont’d 
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Properties of light, cont’d
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Light Force on a Sail
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Light Force on a Sail, cont’d
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Sail acceleration
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Sail design concepts
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Recent successful missions
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NanoSail-D2 - NASA - Second try launched Nov 19, 2010
Mission complete - 240 days (tumbling) in Near Earth Orbit

Area = 10 m2
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LightSail 1 and 2 – Launched by the Planetary Society in 2015 and 2019

Area = 32 m2

The sails are made of Mylar
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IKAROS – Launched by JAXA in May 2010 reached Venus in Dec 2010
First successful planetary mission using a solar sail!

Sail Area 196 m2,
Thrust 1.12 milliNewtons

Artist rendering of IKAROS
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IKAROS – Launched by JAXA in 2010 reached Venus in 2015
First successful planetary mission using a solar sail!

Sail Area 196 m2,
Thrust 1.12 milliNewtons
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Artist rendering of IKAROS
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Differential 
absorption of 
light by the 
liquid crystal 
surfaces used 
for control.
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Self images of IKAROS in space
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Several Mission Concepts
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Artist's concept of a heliogyro, proposed to visit Halley's Comet in 1986. Each blade would be 8 m (26 ft) 
wide and 6.2 km (3.9 mi), for 0.6 km2 (0.23 sq mi) of sail area. 

CubeSail, 20 m2 launched on an Electron launch vehicle 
December 16, 2018 as a first step toward UltraSail

Was CubeSail Successful??
Each blade made of a polyimide 
film, eg. Kapton, coated with ripstop.
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NEA Scout – SLS Pathfinder Launch date Nov 2021

Was supposed to 
launch on SLS in 2018.
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Typical mission times - Earth to Moon

Mm - Megameters
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Mm - Megameters

Typical mission times - Earth Escape
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Typical mission times - Missions to the Planets 

Mm - Megameters
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Mission to L2 – PhD thesis Sun Hur 1992

Gravitational potential
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Feasible Trajectory
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Mission Toward the Sun
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Mission example - levitated orbit
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Mission example - solar watchers
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Microwave Thrust
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Mission example - interstellar fly-by

GW - Gigawatts
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Mission example - one-way interstellar flight

TW - Terawatts
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Mission example round-trip interstellar flight
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Breakthrough – Starshot - 2018

Use a Gigawatt scale laser to 
accelerate a 1 gram nano-sized 
spacecraft to 20% of the speed 
of light.

Reach the Alpha Centauri 
system 4.37 light years away in 
20 years.

The StarChip – camera, photon 
thruster, power, navigation and 
communication.

The LightSail – several meters in 
diameter, only a few hundred 
atoms thick.

The LightBeamer – 100 Gigawatt 
laser tuned to maximize 
reflectivity from the sail.
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The plan
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What would it take to reach the speed of light in a few minutes?

Spacecraft mass = 0.001 kg
Acceleration time to c/3 = 1000 sec
Final speed = 108  m/sec
Acceleration = 105m/sec2

Force = 102  kg-m/sec2

Sail Area = 10 m2

Required light pressure

The LightBeamer – 100 
Gigawatt laser tuned to 
maximize reflectivity 
from the sail.

P = 2W
c

= 10 N /m2

W = 1.5 ×109 J /m2 − sec
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Wabsorbed = 1.5 ×10
3J /m2 − sec

Powerabsorbed = 10 ×Wabsorbed = 1.5 ×10
4 J / sec

How much power does the sail have to dissipate? Assume 99.9999% of the incident 
energy is reflected by the sail. Only one part in a million is absorbed by the sail.

How fast will the sail heat up? Assume the heat capacity of water (very conservative –
for metals C is much lower). C=4.184 J/gram-K

Powerabsorbed = 1.5 ×10
4 J / sec = Cm dT

dt
C = 4.184 ×103J / kg − K
m = 10−3kg
dT
dt

= 3.58 ×102K / sec

How far away is the spacecraft at the end of the acceleration?

r = a t
2

2

= 0.5 ×105 ×106 = 5 ×1010m = 0.33AU
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Drag caused by the cosmic microwave background

Photons per unit volume = 109  photons/m3

Peak wavelength = 10−6m
Light sail final speed = 108  m/sec
Photon flux = 1017photons/m2 − sec
Energy per photon = hc/λ = 6.6 ×10−34 × 3×108 /10−6 =  2 ×10−16J
Momentum per photon = h/λ = 6.6 ×10−34 /10−6 =  6.6 ×10−28kg −m / sec
Drag force on a ten square meter sail = 6.6 ×10−28 ×1017 ×10 = 6.6 ×10−10N
Acceleration of a one gram light sail = 6.6 ×10−7m / sec2

ΔV  over 1000 sec = 6.6 ×10−4m / sec
ΔV  over 20 years = 20 × 365 × 24 × 3600 × 6.6 ×10−7m / sec  = 416m / sec

This does not account for the blue-shift in the wavelength of 
the background in the frame of reference of the spacecraft

If the spacecraft 
speed approached 
the speed of light 
this would become 
an important drag 
mechanism
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