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THE DESIGN OF A SINGLE-LAYER MICROWAVE
ABSORBING MATERIAL

D. L. WAIDELICH

University of Missouri, Columbia, Missouri

Abstract.—The microwave absorbing structure considered here consists of a homogeneous
lossy dielectric material backed by a good conductor. Some previous work has been done
on obtaining the electric and magnetic parameters of a suitable dielectric assuming that
the magnetic dissipation factor was zero. With the wide spread use of ferrites at micro-
wave frequencies, design information assuming a finite magnetic dissipation factor is needed
and is presented. The special cases of zero electric dissipation factor, zero magnetic dissi-
pation factor and equal electric and magnetic dissipation factors are also considered. Possible
values of the electric and magnetic parameters of the absorbing material are obtained and
the resulting thickness is presented. A method of choosing the parameters for the smallest
thickness of dielectric is given.

Little information has been available as to the possible band width of such a structure.
An expression for the band width is derived for a given power reflection coefficient. The
parameters of the absorbing material necessary for the greatest band width are indicated.

I. INTRODUCTION

About twenty years ago Dallenbach and Kleinsteuber' developed some re-
sults for the thickness of a microwave absorbing material consisting of a single
dielectric layer backed by a metal reflector. They assumed that the electric
dissipation factor was greater than zero while the magnetic dissipation factor
was zero. More recent works *~* have furthered the development of this struc-
ture and have indicated that it is possible to produce materials that have
both loss tangents greater than zero. One purpose of this paper is to extend
the previous results to cover the case in which either or both loss tangents
may be greater than zero.

Theoretically this structure has an advantage in that it can be made to
have a zero power reflection coefficient at one frequency and {o have a finite
band width for a given finite reflection coefficient. Another purpose of this
paper then is to present an expression for the band width of this material for
a given power reflection coefficient. This will be used to determine what con-
stants of the dielectric layer will produce the greatest band width. Also is it
important to determine how the thinnest structure can be made.

II. THEORY

The structure to be considered is that of Fig. 1 where the dielectric is as-
sumed homogeneous and isotropic throughout and the conductor is assumed to
have infinite conductivity. A plane electromagnetic wave is incident normally
on the surface of the dielectric. The dielectric is assumed to have a perme-
ability of we(u — ju”) where uo is the permeability of space and (u”/u')=
tan 8, is the magnetic dissipation factor. Similarly the permittivity is eo(¢’ —je")
where ¢ is the permittivity of space and ¢’ /¢ = tan é. is the electric dissipa-
tion factor. The intrinsic impedance® of the dielectric is

(1 (wofeo) Fn® = (mofeo) } [(w" — ju") /(€ — je")It
1



AIR DIELECTRIC CONDUCTOR

Fig. 1—The structure of the absorbing material. %_.
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while the propagation constant for the entire thickness of the dielectric is
2) a = jb = jol [ueeo (' — ju") (¢ — je")I*
The normalized impedance at the air-dielectric face is obtained and for match-

ing is equal to (1 + jO) as indicated in the Appendix. The results are that the
following two equations have to be satisfied.

3) sin 2b + tan 6 sinh 2a = 0
@) _ <cosh 2a + cos 2b)%
"= \cosh 2a — cos 2b

In (3) and (4) if two of the quantities, a, b, 6, 5, are given, the other two may be
calculated. Thus if a and 6 are chosen, b can be calculated from (3) and 5
from (4). It should be noted that there is an infinite number of values of b
which will satisfy (3) for a given a and 6. Now from (1) and (2) it is possible
to show that

1 — (b/a) tan @

(5) tandy = “572) + tan 6
_ 14 (b/a) tan s

©) . B = (b/a) — tan @

() 6 = (1/2) (6 — 4,)

, . ncosd, il (b/a) + tan 6]
(8) p'/e = =

Cos &, [(b/a) — tan 6]
Hence, as soon as a, b, § and 5 are known, the dielectric constants, tan é,, tan 8.
and (u’ /') may be calculated from (5), (6), (7) and (8). If now either ' or ¢
is chosen, the remaining quantity may be calculated from (8). From (2) it
is possible to show then that the ratio of the thickness I of the dielectric to the
wavelength N\ of a plane wave in free space is

(9) ! _acos 6[(b/a)® — tan® 6]

A 27 (u'e)?
2

1
2




6¢ IN DEGREES
00 ¢ 900
L8o
{60
S
. 140 v
120
6¢-0° 0
50 -40 30 -20 -0 O 10 20 30 40 SO
© IN DEGREES

Fig. 2—Parallelogram containing the possible  Fig. 3—Intersection points for the special case,
values of 8y, 8¢, and 9. ou = 0.

The band width B is obtained by assuming that » and 8 of (1) are inde-
pendent of frequency and that a and b of (2) are directly proportional to the
frequency. The details are presented in the Appendix. If R is defined as the
power reflection coefficient, the band width from (41) is

_ 2R* cos (5. — ) sinh 2a
bcosé

(10) B

Since é. and 8, may range from zero to ninety degrees, by the use of (7)
the possible values of § must lie on or within the parallelogram of Fig. 2. Before
considering a general point anywhere within the parallelogram, several im-
portant special cases will be considered.

III. SPECIAL CASES

The first special case! to be considered is that of zero magnetic dissipation
factor or 6, = 0. From (3), (5), and (7)

(11) sin 2b = — tan 6 sinh (2b tan 6)

If 6 is chosen as some fixed value in the first quadrant, the left hand side of
(11) can be plotted as a sinusoidal wave as shown in Fig. 3. Since tan § =
tan (8./2) and since tan 8 is positive, the right-hand side of (11) can be plotted
in Fig. 3 as a curve sloping downward from the origin. For tan § > 0 there
are a finite number of intersection points of the two curves labeled A, B, C, D.
For tan 6 close to zero, there are many of these intersection points, whereas
for tan 6 sufficiently large there are no intersection points. If a value of tan 6
is assumed, the corresponding value of b for point A of Fig. 3 can be determined
from (11) and then
(12) a = btand

The corresponding electric dissipation factor, tan 8. can be calculated from
(6) and is shown in Fig. 4 as a function of b for the points A and B of Fig. 3.
The possible range of §. is between zero and 41.3 degrees. The dielectric ratio
u’ /¢ may be calculated by the use of (4) and (8) and is shown in Fig. 4. The
ratio u’ /¢’ is plotted for b between 90° and 124° while the ratio ¢ /u’ is plotted
for the remaining range of b. The thickness parameter I(u'¢’)¥/\ may be cal-
culated from (9) and is given in Fig. 4. The range of the thickness parameter

3
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Fig. 4—Curves of parameters for the special case 5, = 0 with 90° < b < 180°.

is from 0.25 to 0.5. The band width parameter B /R * may be calculated from
(10) and the results are shown in Fig. 4. The maximum value of the band-
width parameter is 2.28. The limiting values of these parameters occur when
the two curves of Fig. 3 become tangent to one another as shown in Fig. 5.
This is equivalent to the points A and B of Fig. 3 becoming the one point AB
of Fig. 5. This occurs at a limiting value of § = 6, and no 6> 6, will produce a
solution. A method of obtaining 6, is outlined in the Appendix. One such point
occurs at 6, = 20.65° and b = 123.93° and a second such point is at 8, = 11.73°
and by = 309°. It is possible to show that u’ /¢’ = 1.0 at these points.

The corresponding results for the points C and D of Fig. 3 are shown in
Fig. 6. The range of é. is between zero and 23.5 degrees. The dielectric ratio
u' /¢ is plotted for b between 270° and 309°, while the ratio € /u’ is plotted
for the rest of the range of b. The range of the thickness parameter is from

Fig. 6—Limiting solution for 8, = O showing 2

b,
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|
]




>
[
ﬂ\

ol
i

e’ B /o

1.0 éé / — 2.0
08— —— / E\: ~
/

(2}
Q
3
A\

o

41

0.6 % t2
0.4 4‘7/ == \ o8
0.2 / // < \\ 06
00,76° 280° 300° 320° 340° 360"

b IN DEGREES
Fig. 6—Curves of parameters for the special case 8§, = 0 with 270° < b < 360°.

0.75 to 1.0. The maximum value of the band width parameter is 1.73. In
comparing Figs. 4 and 6, the range of b from 90° to 180° has a larger electric
dissipation factor, smaller thickness and larger band width than the range
from 270° to 360°. Larger ranges of b could be calculated in a similar fashion
but the increase in thickness and decrease in bandwidth probably would not
make them useful.

The second special case to be considered is that of zero electric dissipation
factor or 6. = 0. From (3), (5) and (7)

(13) sin 2b = — tan 6 sinh (— 2b tan 0)

Now tan § = — tan (8,/2) and tan 6 is negative. If 6 is chosen as some fixed
value in the fourth quadrant, the left-hand side of (13) can be plotted as a
sinusoidal wave as shown in Fig. 7. The right-hand side of (13) can be plotted
as a curve sloping upwards from the origin. Again there are a finite number

c /
A
Fig. 7—Intersection points for the special case,
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Fig. 8—Curves of parameters for the special case 5¢ = 0 with 0° < b < 90°.

of intersection points, A, B, C, as shown in Fig. 7. When the magnitude of
tan 6 is small, there are many of these intersection points, but if the magnitude
of tan 6 is made large enough, no intersection occurs. The limiting value of 6
is —45° and thus 6 > —45°. If a value of tan 6 is assumed, the corresponding
value of b can be determined from (13) and then

(14) a= —btang

The magnetic dissipation factor, tan 6,, may be calculated by the use of (5)
and is shown in Fig. 8 as a function of b for the point A of Fig. 7. The range
of 8, is zero to ninety degrees. The dielectric ratio u'/¢ may be found from
(4) and (8) and is shown in Fig. 8. This ratio approaches a value of one-third
as b approaches zero degrees. The thickness parameter I(u'e¢’)}/\ may be ob-
tained from (9) and is plotted in Fig. 8. The range of the parameter is from
zero to 0.25. The band width parameter B/R?% is calculated by use of (10)
and is shown in Fig. 8. The maximum value of four occurs for b approaching
zero degrees. The case illustrated in Fig. 8 has the advantages of giving the
greatest bandwidth and the smallest thickness although the magnetic dissi-
pation factor has to be quite high particularly for small values of b.

The corresponding results for the points B and C of Fig. 7 are shown in
Fig. 9. The range of &, is between zero and 29.5 degrees. The dielectric ratio
¢ /u' is plotted for b between 180 and 217 degrees, while the ratio u’/¢ is plotted
for the rest of the range of . The thickness parameter ranges from 0.5 to
0.75. The maximum of the band width parameter is 1.92. Comparison of
Figs. 8 and 9 indicates that the range of b from zero to 90° has a larger magnetic

6
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Fig. 9—Curves of parameters for the special case ¢ = 0 with 180° < b < 270°.

dissipation factor, smaller thickness and larger band width tkan the range
from 180° to 270°. Larger ranges of b would result in larger thicknesses and
smaller bandwidths.

The last special case to be mentioned is that in which the angle 6 equals
zero. From (7), the electric dissipation factor is then equal to the magnetic
dissipation factor. This is similar to the distortionless case in transmission
line theory. From (3) and (5)

(15) b=x/2 m 31/2, 27, .

and

(16) a = b tan é,

When b = nr radians with n = 1, 2, 3, . . ., then from (4) and (8)
a7 uw' /¢ = coth? a

and from (9):

(18) Ww/€)EN = b/2x

Also from (10):

(19) B/R* = (2/b) cos é. sinh 2a

When b = (2n—1)7 /2 radians withn = 1,2, 3, . . ., ais given by (16) and
(20) uw' /¢ = tanh?a

while the results for the thickness and bandwidth parameters are given by
(18) and (19). This case is that indicated by the vertical axis of Fig. 2 on which

7



Fig. 10—Illustration of solutions for the

general case. ‘,, /'rr V/z /m °
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8¢ = 6,. From (16) a is proportional to the magnetic or electric dissipation
factor. With the aid of (19) it is possible to show that for large a

(21) B/R} ~"ée[a

It thus appears that the bandwidth can be made very wide provided that a
material can be made with electric and magnetic dissipation factors large and
approximately equal. Such a material would very likely have a large relative

permittivity ¢ and a large relative permeability u’ and from (18) would have
a small thickness.

IV. GENERAL CASE

Any point in the parallelogram of Fig. 2 may be obtained by the following
procedure. From (3)

(22) sin 2b = — tan 0 sinh 2a

The lefthand side of (22) is the sine wave of Fig. 10. Assume that values of
6 and a are given. Then the right-hand side of (22) is a horizontal line as shown
in'Fig. 10. The intersections A, B, C, D of the straight line and the sine wave
are possible solutions of this general case. Notice that given values of a are
limited to those satisfying the inequality

(23) sinh 2a < [cot 6]

The value of b may be determined from a plot similar to Fig. 10 or by solving
for b from (22). The magnetic and electric dissipation factors then may be
obtained from (5) and (6). The dielectric constant, thickness and band width
are found from (8), (9) and (10). Other limitations on the possible choices
of @ and @ are that the magnetic and electric dissipation factors must be greater
than or equal to zero. As an example, the following values may be calculated
assuming 6 = 10° and @ = 1.15. Using point A of Fig. 10, the values b = 2.084,
tan 8, = 0.342, tan . = 0.806, p’ /e’ =0.997, [(u'¢')}/N =0.326 and B/R*=4.21
are found. This appears to indicate that larger bandwidths would result if both
the electric and magnetic dissipation factors are quite a bit greater than zero.

APPENDIX
The normalized impedance is
(24)  7n(cos 6 + 7 sin ) tanh (a + jb)

_ n(cos 6 sinh 2a — sin 6 sin 2b) ny n(cos 0 sin 2b + sin § sinh 2a)
B cosh 2a + cos 2b J cosh 2a + cos 2b

For matching, the impedance of (24) must be equal to (1 + jO) or
8




(25) sin 2b + tan 6 sinh 2a = 0
_ [ cosh 24 + cos 2b>%
(26) = (cosh 2a — cos 2b
From (25) and (26) the following expressions may be obtained. Let
6 =[(n*+ 1) — 29% cos 260]}

then
(27) sinh 2a = 27 cos 6/6
(28) cosh2a = (2 4+ 1)/
(29) sin2b = — 29 sin 8/6
(30) cos2b = (2 — 1) /s
For the band width derivation assume
(31) a = c(wy + Aw), b = d(wy + Aw)

where wo is the angular frequency at which matching occurs and Aw is the
change in angular frequency measured from the frequency of matching. From
(24)

<sinh 2cwo cos § — sin 2dw, sin 0) 1

(32) cosh 2cwo + cos 2dwo
sinh 2cwo sin § + sin 2dw, cos 0) _
(33) ( cosh 2cwo + cos 2dwo =0

if z = 5° tanh (a 4 jb) as in (24), then by the use of (27) through (33)

(34) D®e(z—1) = (n* — 1 — 29%sin%60) (cosh 2¢ Aw — cos 2d Aw)
+ 7(n? — 1) cos O sinh 2¢ Aw — n(n* + 1) sin 6 sin 2d Aw

(35) D dgm(z — 1) = %%sin 260 (cosh 2¢ Aw — cos 2d Aw)
+ (9?4 1) sin 6 sinh 2¢ Aw + 7(5? — 1) cos 6 sin 2d Aw

(36) D = (n2 4+ 1) cosh 2¢ Aw + 27 cos 6 sinh 2¢ Aw
+ (p2 — 1) cos 2d Aw + 27 sin sin 2d Aw

Expand ®e(z — 1) and 9m(z — 1) in powers of Aw. Then by the use of (34), (35)
and (36)

(37) Hle — 1* = Ul®Re(z — 1)]* + Ylom(z — 1P

= As(Aw/wo)? + Az (Aw[wo)® + . . .
where 4724, = w? (¢ + d?) (7 + 1 — 29% cos 20), 29°A5 = we® (¢® + d2) {c cos @
[n* — 1 + 292 cos 26] — dsin 8 [n* + 1 — 272 cos 26]}
The power reflection coefficient R is
a1 P

(38) R_|z+1|_|z—1+2|

When w =~ wo, Aw K wq, |2 — 1| < 2 and from (37 and (38)

z—1Y <2—1)3 ‘<z—1)‘1 <z—1>5 I
(2 >—2 ) +3\55) -5 ) + |

9

R:



2 3
39) R~Ylz—1'= A2(é‘3) + Aa(‘A_w) o
wo wo

From (5) and (6) and (31):
1 1

2 = —
(40) cos e =0 = T @ = T @y
Using (27), (40) and the first term of the series for R in (39)
R — (g&)z wid” cos” §
"\ w / 4cos? (5. — ) sinh?2a

Let the band width B be defined as

; _(24w) _ 2R* cos (5. — 6) sinh 2a
(1) B= ( ) - b cos 8

where b = d(wo + Aw) = dwy

To obtain 6, and b, for a point of tangency as shown in Fig. 5, the two follow-
ing equations derived from (11) must be solved simultaneously:

wo

(42) sin 2by = —tan 6, sinh (2b, tan 6,)
(43) cos 2by = —tan-?4, cosh (2b, tan 6,)
From (42) and (43)

(44) cos 2by = —tan 6,

or

(45) cos 2bo cosh (—2bg cos 2by) + 1 =0

Equation (45) is solved for b, and 6, is then obtained from (44).

REFERENCES

1. W. Dallenbach and W. Kleinsteuber, ‘“Reflexion und Absorption von Dezimeterwellen
an ebenen, dielekstrischen Schichten,” Hochfrequenztechnik und Elekstoakustik, 51, p. 152;
1938.

2. W. H. Emerson, A. G. Sands and M. V. McDowell, “Broadband Absorbing Materials,”
Tele-Tech, 14, p. 74; Nov., 1955.

3. Severin, H., “Nonreflecting Absorbers for Microwave Radiation,” Institute of Radio En-
gineers Transactions, AP-4, p. 385; July, 1956.

4. Meinke, H., ‘“Reflexionsarme dielektrische Wande bei Mikrowellen,” Nachrichtentech-
nische Zeitschrift, 11, p. 551; Nov., 1957.

5. D. L. Waidelich, ‘“‘Application of the Smith Chart to the Design of Microwave Absorbing
Materials,” Proceedings of the Southwest Institute of Radio Engineers Conference, 1, p. 79;
1958.

Reprinted from Volume XIV
PROCEEDINGS OF THE NATIONAL ELECTRONICS CONFERENCE
Hotel Sherman, Chicago, Illinois, October 13, 14, 15, 1958.

10









The University of Missouri
SCHOOLS AND COLLEGES

COLLEGE OF ARTS AND SCIENCE
SCHOOL OF SOCIAL WORK

Di1VISION OF AGRICULTURAL SCIENCES
COLLEGE OF AGRICULTURE
SCHOOL OF VETERINARY MEDICINE
SCHOOL OF FORESTRY

SCHOOL OF BUSINESS AND PUBLIC ADMINISTRATION

COLLEGE OF EDUCATION

COLLEGE OF ENGINEERING
ENGINEERING EXPERIMENT STATION

GRADUATE SCHOOL

SCHOOL OF JOURNALISM

SCHOOL OF LAw

SCHOOL OF MEDICINE
ScHOOL OF NURSING



PUBLICATIONS OF THE ENGINEERING REPRINT SERIES

Copies of publications may be secured from the Director of the Engineering Experiment Station, University
of Missouri :

Reprint No.

29.

30.

31.

32.

33.

34.

35.

36.

31.

38.

39.

40.

41.

42.

43.

44,

Investigation Concerning Polarization in Barium Titanate Ceramics by G. W. Marks, U. S. Navy Electronics
Laboratory, Donald L. Waidelich, Associate Director, Engineering Experiment Station, University of Mis-
souri and L. A, Monson, U. S. Navy Electronics Laboratory. Reprinted from Transactions of the American
Institute of Electrical Engineers, Vol. 75, Part I, p. 469, 1956.

The Influence of Shank Area on the Tensile Impact Strength of Bolts by John Love, Jr., General Electric
Company and O. A. Pringle, Associate Professor of Mechanical Engineering. Reprinted from Trans-
actions of the American Society of Mechanical Engineers, Vol. 78, p. 1489, October, 1956.

14

Measurement of Coating Thicknesses by Use of Pulsed Eddy Currents by Donald L. Waidelich, Associate
Director, Engineering Experiment Station. Reprinted from Nondestructive Testing, Vol. 14, p. 14, May-
June, 1956.

Head Losses in Storm Drain Junction Boxes by Horace W. Wood, Professor of Civil Engineering. Reprint-
ed from Highway Research Board Proceedings, Vol. 35, p. 177, 1956.

Stability of Laminar Flow in Curved Channels by Chia-Shun Yih, Associate Professor of Engineering Me-
chanics, University of Michigan and W. M. Sangster, Associate ‘Professor of Civil Engineering, University
of Missouri. Reprinted from The Philosophical Magazine, Volume 2, Eighth Series, Page 305, March 1957.

Viscosity of Suspensions of Spherical and Other Isodimensional Particles in Liquids by Andrew
Pusheng Ting, Chemical Construction Corporation and Ralph H. Luebbers, Professor of Chemical
Engineering, University of Missouri. Reprinted from the American Institute of Chemical Engineers
Journal, Volume 3, Page 111, March, 1957.

Irrigation-Drainage-Climatology for Flat Humid Land by Harry Rubey, Professor Emeritus of Civil
Engineering. Reprinted from the Proceedings of the American Society of Civil Engineers, Volume 83,
Paper No. 1253, May, 1957.

The Impedance of a Coil Near a Conductor by D. L. Waidelich, Associate Director, Engineering Experiment
Station and C. J. Renken, Jr., Argonne National Laboratory. Reprinted from the Proceedings of the National
Electronics Conference, Volume 12, Page 188, 1956.

Automatic Control - The Fundamentals by Gladwyn Lago, Associate Professor of Electrical Engineering.
Reprinted from the Proceedings of the Second Annual Conference on Automatic Control, University of
Oklahoma, April 29-30, 1957, Page 9.

Non-Aqueous Solvent Electrochemical Systems, by G. Myron Arcand, Assistant Professor of Chemistry,
and James R. Tudor, Assistant Professor of Electrical Engineering. Reprinted from Proceedings of
Eleventh Annual Battery Research and Development Conference, Power Sources Division, United States
Army, Signal Engineering Laboratories, Fort Monmouth, New Jersey, May 22-23, 1956, pages 16-19.

Compensation of Sampled-Data Systems by L. M. Benningfield, Assistant Professor of Electrical Engi-
neering, and G. V. Lago, Associate Professor of Electrical Engineering, Reprinted from Proceedings of
the National Electronics Conference, Volume XIII, Hotel Sherman, Chicago, Illinois, October 7, 8, 9, 1957,
pages 888-897.

A. Application of the Smith Chart to the Design of Microwave Absorbing Materials by D. L. Waidelich,
Professor of Electrical Engineering, University of Missouri.

B. Synthesis of Control Systems Based on an Approximation to a Third-Order System by C. R. Hausen-
bauer, University of Arizona, Tucson, Ariz., and G. V. Lago, Professor of Electrical Engineering,
University of Missouri, Columbia, Mo. A paper presented at the AIEE Summer General Meeting and
Air Transportation Conference, Buffalo, N. Y., June 22-27, 1958.

A. Reduction of Probe-Spacing Effect in Pulsed Eddy Current Testing by Donald L. Waidelich, Professor
of Electrical Engineering.

B. Minimizing the Effect of Probe-to-Metal Spacing in Eddy Current Testing by C. J. Renken, Jr., Research
Assistant, and D. L. Waidelich, Professor of Electrical Engineering.

Reprints from Symposium on Nondestructive Tests in the Field of Nuclear Energy. American Society
for Testing Materials, 1958.

A system of Gaging Plating Thickness by R. G. Myers, Assistant Electrical Engineer, Argonne National
Laboratory and D. L. Waidelich, Professor of Electrical Engineering, University of Missouri. Reprinted
from Transactions of the American Institute of Electrical Engineering, Vol. 77, Part I, p. 770, 1958.

Network Analyzer Measurement of the Mesh Equivalent of a2 Complex Circuit by J. C. Hogan, Professor of
Electrical Engineering, University of Missouri and V. E. Verrall, Electrical Engineer, Central Illinois
Public Service Company.

The Design of a Single-Layer Microwave Absorbing Material by D. L. Waidelich, Professor of Electrical
Engineering, University of Missouri. Reprinted from Volume XIV, Proceedings of the National Electronics
Conference, Hotel Sherman, Chicago, Illinois, October 13, 14, 15, 1958,

*Qut of Print.



University of Missouri
University of Missouri

Libraries

MU Engineering Experiment Station Series

Local Identifier
Capture information
Date captured

Scanner manufacturer
Scanner model
Scanning software
Optical resolution
Color settings

File types

Source information
Format

Content type
Notes

Waidelichl1959

2018 January

Ricoh
MP C4503

600 dpi
Grayscale, 8 bit; Color 24 bit
Tiff

Book

Text

Digitized duplicate copy not retained
in collection.

Derivatives - Access copy

Compression
Editing software
Resolution

Color

File types

Notes

LzZW

Adobe Photoshop

600 dpi

Grayscale, 8 bit; Color, 24 bit

Tiffs converted to pdf

Greyscale pages cropped and canvassed.

Noise removed from background and text
darkened. Color pages cropped.



