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Abstract 

It has been reported in a recent article that the anomalous diffraction 
approximation (ADA) accuracy does not depend on particle refrative 
index, but instead is dependent on the particle size parameter. Since 
this is at odds with previous research, we thought these results 
warranted further discussion. 



The anomalous diffraction approximation (ADA) of van de Hülst (1981) 
provides a method by which gross scattering properties (scattering 
efficiencies and albedo) can be rapidly obtained. The primary assumption 
used to derive the approximation is that the scattering particle is soft; i.e., 
\m - 1| < 1. In a recent article, Liu, Jonas, and Saunders (1996) reported 
that "the ADA accuracy depends mainly on the particle size parameter 
and is not sensitive to the condition of \m - 1| < 1." Since this is at odds 
with several recently published studies (Mitchell and Arnott, 1994; 
Ackerman and Stephens, 1987; Evans and Fournier, 1996; Chylek and 
Klett, 1991; and Chylek and Videen, 1994), we felt that this statement 
warranted further clarification. There are two points to consider: First, the 
ADA produces more accurate results in the geometrical-optics 
(short-wavelength) limit. And second, the accuracy is independent of the 
particle refractive index (as proposed by Liu, Jonas, and Saunders, 1996). 

The first point (the accuracy increases in the geometrical-optics limit) is 
not surprising. It is well-known that for large particles, the extinction 
efficiency approaches 2. This is illustrated in figure 1(a), which shows the 
extinction efficiencies plotted as a function of size parameter x = 2irr/X 
for a sphere of radius r. The extinction approaches zero as the radius 
approaches zero. As the radius increases, bringing the sphere into the 
resonance region, structure appears in the Mie extinction curves, which is 
beyond the capacity of the ADA to replicate. As the radius further 
increases, the oscillations gradually die, approaching the final, 
geometrical-optics limit. Since the ADA also approaches the proper, 
geometrical-optics limit, it is no surprise that the extinction efficiency 
accuracy increases. The accuracy of the absorption efficiency can similarly 
be explained. As the particle size increases, any light incident upon the 
particle will be absorbed (assuming nonzero absorption and a soft 
particle). The absorption efficiency must therefore approach unity for an 
absorbing soft particle. The Mie and ADA absorption efficiencies are 
shown as a function of sphere size parameter in figure 1(b). For the soft 
particle (m = 1.1 + O.Oli) having some absorption, the absorption 
approaches unity in the geometrical-optics limit. 

The peculiar aspect of the investigation by Liu, Jonas, and Saunders (1996) 
is their claim of the lack of any accuracy dependence on the refractive 
index. This aspect can be understood when we consider the refractive 
indices of the particles in their study. They concentrated on ice particles 
through much of the ultraviolet (UV), visible, and infrared (IR) spectra. 
The value of the ice refractive index changes drastically throughout this 
range (as demonstrated in fig. 1 of Liu et al's report). However, for only a 



couple (relatively narrow) spectral bands, the condition \m - 1| < 1 holds 
(A ~ 2.8 /xm, 10 //m). In these bands, the deviations of the ADA results 
from those given by Mie theory are less than 10 percent; whereas, in the 
other regions, the errors are typically much greater than 10 percent and 
sometimes even over 100 percent of the actual value. Unfortunately, these 
small regions of applicability only represent a small percentage of the 
entire spectrum and apparently went unnoticed in their analysis. As 
illustrated in figure 2, a strong accuracy dependence exists on particle 
refractive index as long as the particle remains sufficiently soft. Figure 2 
shows the percent errors in the (a) extinction and (b) absorption 
efficiencies as a function of size parameter x for three different refractive 
index values. For real refractive index mr = 1.1, the errors decrease in the 
small- and large-wavelength regions and can be quite substantial (10 to 30 
percent) in the resonance region. Figure 2 illustrates that as mr is further 
increased, the percent of errors become increasingly large as to be 
impracticable. Indeed, this is because of the particles themselves being 
well outside the bounds on refractive index for which the approximation 
was derived. The ice refractive index has an even wider range of values 
than is illustrated in figure 2. The associated errors resulting from the 
ADA calculations are so large that they become meaningless. 



Figure 1. Mie and ADA 
(a) extinction and 
(b) absorption efficiencies 
as a function of sphere size 
parameter for three 
different refractive indices. 
Note that the three ADA 
absorption efficiencies 
overlap for spheres having 
the same imaginary part of 
the refractive index. 

(a) 

(b) 

3 - 

«2 

1 - 

10 -1 

•§1 -" 

i   i i,i mil       i—i J 11 ml. J i „I.I.IJJIL 
n 
i i A 

.'/ 

i- /• 

ff 
'/ 

JiJ 
i1 i1 \ rtnf|       i   i i i mi|  i   i i t f iii| 

1 101 10J 

x(2nrlX) 
I     III Mill 1  '  * 

  m = 1.1 + 0.01 i (Mie) 
 m = 1.3 + 0.01 i (Mie) 
 ra = 1.5 +0.01 i (Mie) 
    m = 1.1 + 0.01 i (ADA) 
    m = 1.3 + 0.01 i (ADA) 
    m = 1.5 +0.01 i (ADA) 

10v 

'  

10 -1 
T^ 1     111 MMJ      "I     III ITI1] 

x(2nr/X) 



50 

Figure 2. Percent error in     ia\ 
(a) Qext and (b) Qabs 

K ' 
defined as the absolute 
value of the difference 
between the Mie and ADA 
extinction efficiencies 40 
divided by the Mie 
extinction efficiency. ^ 

Ctf30   i 
c 
o 

.! 20 

10  - 

ui—....I—■   ' ■ ""I i     i   ■ ■ tint i      u 

  m = 1.1 +0.01i 
 ra = 1.3 + 0.01i 
 m = 1.5 + 0.01i 

10 

(b) 
60 

I   I I I UN 

1 10' 10 

x(2nr/X) 
• '  i i n.ui 1—i i i rnij 1—■  ■ ■ '■■■!        n 

1 10' 10' 

x(2«r/X) 



References 

S. A. Ackerman and G. L. Stephens (1987), "The absorption of solar 
radiation by cloud droplets: An application of anomalous diffraction 
theory/' /. Atmos. Sei. 44,1574-1588. 

P. Chylek and G. Videen (1994), "Longwave radiative properties of 
polydispersed hexagonal ice crystals," /. Atmos. Sei., 51,175-190. 

P. Chylek and J. D. Klett (1991), "Absorption and scattering of 
electromagnetic radiation by prismatic columns: Anomalous diffraction 
approximation," /. Opt. Soc. Am. A 8,1713-1720. 

B.T.N. Evans and G. R. Fournier (1996), "Approximations of 
polydispersed extinction," Appl. Opt. 35,3281-3285. 

H. C. van de Hülst (1981), Light Scattering by Small Particles, Dover, New 
York, 470. 

C. Liu, P. R. Jonas, and C.P.R. Saunders (1996), "Accuracy of the 
anomalous diffraction approximation to light scattering by column-like 
ice cyrstals," Atmos. Res. 41, 63-69. 

D. L. Mitchell and W. P. Arnott (1994), "A model predicting the evolution 
of ice particle size spectra and radiative properties of cirrus clouds. Part 
II: Dependence of absorption and extinction on ice crystal morphology," 
/. Atmos. Sei. 51,817-832. 



Distribution 

Admnstr 
Attn Defns Techl Info Ctr 
DTIC-OCP 
8725 John J Kingman Rd Ste 0944 
FT Belvoir VA 22060-6218 

Central Intllgnc Agency 
Dir DB Standard 
AttnGE47QB 
Washington DC 20505 

Chairman Joint Chiefs of Staff 
Attn J5 R&D Div 
Washington DC 20301 

Dir of Defns Rsrch & Engrg 
Attn DD TWP 
Attn Engrg 
Washington DC 20301 

Ofc of the Dir Rsrch and Engrg 
AttnR Menz 
Pentagon Rm 3E1089 
Washington DC 20301-3080 

Ofc of the Secy of Defns 
Attn ODDRE (R&AT) 
Arm ODDRE (R&AT) S Gontarek 
The Pentagon 
Washington DC 20301 

OSD 
Attn OUSD(A&T)/ODDDR&E(R) RJ Trew 
Washington DC 20301-7100 

Commanding Officer 
Attn NMCB23 
6205 Stuart Rd Ste 101 
FT Belvoir VA 22060-5275 

AMCOM MRDEC 
AttnAMSMI-RD WC McCorkle 
Redstone Arsenal AL 35898-5240 

CECOM 
Attn PM GPS COL S Young 
FT Monmouth NJ 07703 

Dir for MANPRINT 
Ofc of the Deputy Chief of Staff for Prsnnl 
AttnJ Hiller 
The Pentagon Rm 2C733 
Washington DC 20301-0300 

Dir of Chem & Nuc Ops DA DCSOPS 
Attn Techl Lib 
Washington DC 20301 

Hdqtrs Dept of the Army 
Attn DAMO-FDT D Schmidt 
400 Army Pentagon Rm 3C514 
Washington DC 20301-0460 

US Army Edgewood RDEC 
Attn SCBRD-TD J Vender 
Aberdeen Proving Ground MD 21010-5423 

US Army Engrg Div 
Attn HNDED FD 
PO Box 1500 
Huntsville AL 35807 

US Army Info Sys Engrg Cmnd 
Attn ASQB-OTD F Jenia 
FT Huachuca AZ 85613-5300 

US Army Natick RDEC Acting Techl Dir 
AttnSSCNC-T P Brandler 
Natick MA 01760-5002 

US Army NGIC 
Attn Rsrch & Data Branch 
220 7th Stret NE 
Charlottesville VA 22901-5396 

US Army Nuc & Cheml Agency 
7150 Heller Loop Ste 101 
Springfield VA 22150-3198 

US Army Rsrch Ofc 
4300 S Miami Blvd 
Research Triangle Park NC 27709 

US Army Simulation, Train, & Instrmntn 
Cmnd 

AttnJ Stahl 
12350 Research Parkway 
Orlando FL 32826-3726 

US Army Strtgc Defns Cmnd 
Attn CSSD H MPL Techl Lib 
AttnCSSDHXM Dr Davies 
PO Box 1500 
Huntsville AL 35807 

Preceding Page Blank 



Distribution (cont'd) 

US Army Tank-Automtv & Armaments Cmnd 
Attn AMSTA-AR-TD MFisette 
Bldgl 
Picatinny Arsenal NJ 07806-5000 

US Army Tank-Automtv Cmnd Rsrch, Dev, & 
Engrg Ctr 

AttnAMSTA-TA J Chapin 
Warren MI 48397-5000 

US Army Test & Eval Cmnd 
AttnRG Pollard HI 
Aberdeen Proving Ground MD 21005-5055 

US Army Train & Doctrine Cmnd 
Battle Lab Integration & Techl Dirctrt 
Attn ATCD-B J A Klevecz 
FT Monroe VA 23651-5850 

US Military Academy 
Dept of Mathematical Sei 
Attn MAJ M D Phillips 
West Point NY 10996 

Dept of the Navy 
Chief of Nav OPS 
Attn OP 03EG 
Washington DC 20350 

Nav Surface Warfare Ctr 
Attn Code B07 J Pennella 
17320 Dahlgren Rd Bldg 1470 Rm 1101 
Dahlgren VA 22448-5100 

DARPA 
AttnB Kaspar 
Attn Techl Lib 
3701 N Fairfax Dr 
Arlington VA 22203-1714 

US Dept of Energy 
Attn KK 22 K Sisson 
Attn Techl Lib 
Washington DC 20585 

University of Texas ARL Electromag Group 
Attn Campus Mail Code F0250 A Tucker 
Austin TX 78713-8029 

Hicks & Associates, Inc 
AttnG Singleylll 
1710 Goodrich Dr Ste 1300 
McLean VA 22102 

US Army Rsrch Lab 
Attn SLCRO-D 
PO Box 12211 
Research Triangle Park NC 27709-2211 

US Army Rsrch Lab 
Attn AMSRL-CI-LL Techl Lib (3 copies) 
Attn AMSRL-CS-AL-TA Mail & Records 

Mgmt 
Attn AMSRL-CS-EA-TP Techl Pub (3 copies) 
Attn AMSRL-IS-EE G Videen (5 copies) 
Adelphi MD 20783-1197 



REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson 
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503. 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 

November 1998 
3. REPORT TYPE AND DATES COVERED 

Final, 1 Oct 97 to 1 June 98 

4. TITLE AND SUBTITLE Anomalous Diffraction Approximation Limits 5. FUNDING NUMBERS 

DA PR: B53A 

PE:   61102A 
6.AUTHOR(S)   Gorden Videen (ARL), Petr Chylek (Department of Physics 

and Oceanography, Dalhousie University) 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESSfES) 

U.S. Army Research Laboratory 
Attn: AMSRL-IS-EE                        email:  videen@atm.dal.ca 
2800 Powder Mill Road 
Adelphi, MD 20783-1197 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

ARL-TN-128 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESSfES) 

U.S. Army Research Laboratory 
' 2800 Powder Mill Road 

Adelphi, MD  20783-1197 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

ARL PR:   7FEJ70 
AMS code: 61110253A11 

«a. DISTRIBUTION/AVAILABILITY STATEMENT    Approved for public release; distribution 
unlimited. 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

It has been reported in a recent article that the anomalous diffraction approximation (ADA) accuracy does not 
depend on particle refrative index, but instead is dependent on the particle size parameter. Since this is at odds 
with previous research, we thought these results warranted further discussion. 

14. SUBJECT TERMS 

scattering, ice crystals 
15. NUMBER OF PAGES 

12 
16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRACT 

UL 

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 


