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Columbia’s Accident

Space Shuttle Columbia take off

on 16th of January 2003. 

Columbia’s remains after unfortunate landing on 

1st of February 2003, Flight International, 29 April-5 

May 2003, pp. 26-29.

Collected on the ground remains of Columbia were laid 

out in a hangar by the NASA Investigation Board.
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External Tank of Space Shuttle
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Space Shuttle Columbia at prelaunch.

Yellow parts of Shuttle construction are 

insulation foam of external fuel, Aviation Week & 

Space Technology, February 17, 2003, pp. 27-30.

Voids in thermal protection coating

of shuttle external tank, Aviation Week & Space 

Technology, April 7, 2003, pp. 30, 31.
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A torn off piece of the insulating foam falls along the 

surface of the Shuttle external fuel tank, Aviation Week 

& Space Technology, August 1, 2005, cover page.

Destruction of three the tiles placed directly 

behind 21st section of the wing leading edge of 

Russian shuttle Buran [2], M. Ya. Gofin, ‘Heat 

resisting and thermal protecting systems of 

reusable space ships’. Moscow, 2003. 672 p. (in 

Russian).
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Property of Polyurethane Foam

The dielectric permittivity of polyurethane foam is essentially the same as for

vacuum, i.e. about 1. According to published data, the complex permittivity

of the foam sprayed on the external fuel tanks of the Space Shuttle is ε =

(1.05 – j0.003), and the density is only 4% of that for water. This is because

the polyurethane foam consists mostly of pores filled by air. However, it

should be noted that the properties of the bulk polyurethane material depends

on the fabrication process, and may vary within wide limits, so the density of

its industrial samples lay in the range of 48–287 kg/m3 [10]. Polyurethane

foam has the lowest heat conductivity among all modern materials.

Depending on its density, polyurethane foam thermal conductivity varies in

the range of 0.019–0.033 W/m⋅K. Due to these characteristics, polyurethane

foam is widely used as insulation material in various fields of industry, as

well as military and space engineering.
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Holographic Subsurface Radar 

RASCAN-5/15000

Parameters:

Frequency range:             13.8 – 14.6 GHz

Number of frequencies:    5

Type receiver:                  quadrature
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Hand Scanning

Advantages of hand scanning:

• Human hand is the cheapest scanner

• Reliability

• Absence of width clearance
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Principle of Simplest Optical Holography

Recording of simplest optical hologram (a)

and its reconstruction (b)

Dennis Gabor is the Nobel 

Prize winner in Physics 1971
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MW Hologram

Multi-frequency MW hologram of coins and wires inside of wall.
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Reverberation Effect in Impulse 

Subsurface Radar

Scanning of airstrip by an impulse subsurface radar. Multiple reflections is result of 

the reverberation between radar antenna and rebars of ferro-concrete. 
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A view of the NASA's Jet Propulsion Laboratory NASA's Jet Propulsion Laboratory in 

Pasadena, California
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Checkpoint at the NASA JPL
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Heat protection tiles of Space Shuttle

RASCAN-4/4000

Frequency range 

of 3.6-4.0 GHz
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Experiments with Heat Protection 

Tiles of Space Shuttle

Preparation of the experiment.
Result of scanning

Filled with 

water
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Manually scanning of the sample.

Sketch of the sample.
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Result of Sample’s Inspection

I-quadrature Q-quadrature Result of hologram reconstruction

Reflection from metal 

sheet boarder
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Algorithm of Hologram 

Reconstruction
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where E(x, y) is the registered hologram, i.e. the complex amplitude 
distribution registered by the radar receiver on the scanner aperture at z = 0

F(kx, ky) is the plane-wave spectrum of hologram 

S(kx, ky, z0) is the plane-wave spectrum at parallel plane at z = z0

ER(x, y, z0) is the image reconstructed for plane z = z0

ω is the angular frequency, 

ε is the dielectric permittivity of the medium

c is the speed of the electromagnetic wave in the medium

kx and ky are the spatial frequencies corresponding to x and y, respectively. 

(1)

(2)

(3)
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Experiment with Metal Spokes

Metal spokes (1), (2) embedded into the foam (3) covering of the metal base (4).

1

23
4
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I-quadrature Q-quadrature

Z = 0 cm Z = 2.7 cm; real depth of spoke 1

Z = 4.7 cm; metal base level Z = 6,7 cm, spoke 1 image reflected in metal sheet

Hologram restoration at different depths.

Raw holograms
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Conclusions

Diagnosis of thermal insulation and heat protection coatings glued onto a

metal surface is a very specialized task since the metal surface fully reflects the

electromagnetic waves. For impulse radars, such targets are characterized by

multiple reflections of signal between radar antenna and metal substrate which

obscure the desired target in the recorded impulse radar images. Although

holographic radar is free from this shortcoming, the presence of a perfectly

specular reflective metal substrate beneath desired targets must be considered

when interpreting the results of holographic imaging.

The experiments showed that the proposed diagnostic method for thermal

insulation using holographic subsurface radars allows detection of internal

defects within the coating. However, in the microwave images, the detected

defects are subtle due to the low permittivity contrast between the defects and

surrounding polyurethane.

It is possible that the sensitivity of the radar could be enhanced by

increasing the operating frequency up to 24–25 GHz. This possibility is

suggested by experiments with a lower frequency Rascan-5/7000 radar

(frequencies in range of 6.4–6.8 GHz), which did not detect the defects in the

sample used for these experiments. This suggests that increasing the radar

operating frequency should enhance both spatial resolution and sensitivity,

probably with little loss of penetration due to negligible loss in the low

electrical conductivity, and low-scattering insulating materials.


