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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The propagation properties of laser beams can be characterized by ten independent parameters when
applying the method of second order moments (see ISO/TR 11146-3). Most laser beams need few
parameters for a complete description due to their higher symmetry. Lasers emit beams which are
stigmatic or simple astigmatic due to their resonator design.

ISO 11146-1 describes the measurement methods for stigmatic and simple astigmatic beams while
this document deals with the measurement procedures for general astigmatic beams. This document
is applicable to beams of unknown type. Beam characterization, based on the method of second
order moments as described in ISO 11146-1 and this document, is only valid within,the paraxial
approximation.

The theoretical description of beam characterization and propagation as well ashe’classjification of
lasqr beams is given in ISO/TR 11146-3, which is a Technical Report. The procedures for Hackground
subfraction and offset correction are also given in ISO/TR 11146-3.

In IFO 11146, the second order moments of the power (energy) density distribution functidn are used
for the determination of beam widths. If problems are experienced in the direct measuremeits of these
qualntities, other indirect methods of measurement of second order‘moments may be used as long as
conjparable results are achievable.

In IFO/TR 11146-3, three alternative methods for beam widthmeasurement and their correlation with
themethod used in this document are described. These methods are:

— |variable aperture method;
— |moving knife-edge method;

— |moving slit method.

© IS0 2021 - All rights reserved v
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Lasers and laser-related equipment — Test methods
for laser beam widths, divergence angles and beam
propagation ratios —

Part 2:
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Scope

pagation ratios of laser beams. This document is applicable to general astigmatic beams o
bs of beams. For stigmatic and simple astigmatic beams, ISO 11146-1-is applicable.

mo

hin this document, the description of laser beams is accomplished by means of the se
ents of the Wigner distribution rather than physical quantitiesisuch as beam widths and

angles. However, these physical quantities are closely related<to the second order mom
Wigner distribution. In ISO/TR 11146-3, formulae are given<o calculate all relevant physica

fro

Thd
con
und

ISO

ISO
and

EN

For
and

ISO

the measured second order moments.

Normative references

following documents are referred to in the' text in such a way that some or all of th
Stitutes requirements of this document., For dated references, only the edition cited 4
ated references, the latest edition of the-teferenced document (including any amendmen

11145, Optics and photonics — Lasers and laser-related equipment — Vocabulary and syml

11146-1, Lasers and laser-related equipment — Test methods for laser beam widths, diverg
beam propagation ratios &)Part 1: Stigmatic and simple astigmatic beams

61040:1992, Power and,energy measuring detectors, instruments and equipment for laser r

Terms and<definitions

the purposés of this document, the terms and definitions given in ISO 11145, ISO 11146-1
the following apply.

and1EC maintain terminological databases for use in standardization at the following ad

5 document specifies methods for measuring beam widths (diameter), divergence angleg

and beam
I unknown

fond order
divergence
ents of the
quantities

Pir content
pplies. For
[s) applies.

ols

bnce angles

hdiation

,EN 61040

dresses:

Note

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/

The x-, y- and z-axes in the following definitions refer to the laboratory system (as described in

Clause 4). Here and throughout this document the term “power density distribution E(x,y,z)” refers to continuous

wave sources. It might be replaced by “energy density distribution H(x,),z)” in case of pulsed sources.
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3.1

generalized beam diameter

d

measure of the extent of the power density distribution of a beam in a cross-section at an axial location
z, derived from the second order moments by

dg ZZﬁV<X2>+<y2>

Note 1 to entry: This definition is similar to the beam diameter defined in ISO 11145 or ISO 11146-1. But in this

context the

3.2

generaliz¢d beam waist location

208
pOSlthﬂ W

propagatign

3.3

generaliz¢d Rayleigh length

Zpg

distance along the beam axis from the generalized beam waist where the generalized beam diamet;

a factor of

3.4
Wigner di
phase spag

Note 1 to e
amount of bj

3.5
spatial fir
(x), (¥)
subset of 1
distributio

{x)(2)| =

and

() (2)

definition is not restricted to circular power density distributions.

M

here the generalized beam diameter (3.1) reaches its minimum value aléng the axi

\2 larger than the generalized beam waist diameter

stribution
e distribution representing a laser beam in a transverse plane at location z

htry: The Wigner distribution is a function of twosspatial and two angular coordinates, giving
eam power propagating through the point (x,y\inthe direction (6,, 0)).

5t order moments of the Wigner distribution

he first order moments, which can be directly obtained from measured power den
h by

oo oo

J. J.E(x,y, z}xdx dy

—00 —00

oo oo

J. I E(%x,y, z)dx dy

—00 400

of

2}

T IS

the

Sity

(2)

J' J' Xy, 2)y &x 4y

__  —00o—00

[S-)

J. J. E(x,y, z)dx dy

—00 —o0

where E(x,y,z) is the power density distribution at the specific plane z = constant

(3)
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3.6
second order moments of the Wigner distribution

(). (42) (9, (67).(6]). (6,8, ). (6,). (x0, ). {»0,). {»8, )
ten second order moments of the Wigner distribution (3.4) of the beam at location z

Note 1 to entry: The ten second order moments contain information on the following physical beam properties:
beam size and orientation, divergence angles and their orientation, radii of curvature of the phase paraboloid
and their orientation and the twist parameter. Details on these relations are given in ISO/TR 11146-3.

2

Note 2 to entry: In ISO 11146-1, the three spatial second order moments are defined as o ¢,

2 2 :
oy and o, . Inthis

docfiment and [SO/TR 11146-3, the angular brackets are used to emphasize the coordinates of the mdments. This

megns that o :<x2>, 0)2/ :<y2> and Giy =(xy).

Not¢ 3 to entry: Three angular moments (6,2), (Qyz) and (6,0,) are independent of z. Thie other s¢ven second
ord¢r moments are, in general, functions of z.

3.7
spatial second order moments of the Wigner distribution

() (), o)

subpet of the second order moments, which can be directly obtainied from measured power density
distfribution by

\S]

oo oo

[ ] ECey, 2) (x=(x)P dx dy
<X2> (z) = —o0 = 4)

oo oo

J. J. E(x,y, z)dx dy

—00 —00

[ ] BCey, 2) (y=(y)pdx dy
<)’2> (z) = =———— 5
f I E (x4 z)dx dy
and I
[ Cx v - -()ax dy
(xy) (z) === .
I _[ E(x,y, z)dx dy
3.8 I
beam matrix
P

symmetric and positive definite 4x4 matrix containing all ten second order moments of the Wigner
distribution (3.6) and its elements and given by

[ <x2> (xy) (x@x> <X@y> ]
| () (e, (¥e,) -
(x0,) (yo,) (6%) (8,0,

(x6,) (0,) (8:6,) (6]) |
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39

effective beam propagation ratio

2
Meff

invariant quantity related to the focusability of a general astigmatic beam, defined as:

MZ

4T
eff =7[

det(P)3

where det (P) is the determinant of matrix P

(8)

Note 1 to er

occupies in
measure for

Note 2 to en

beam propdgation ratios of the principal axes of the beam: Mgff =, /M}% XMJZ/ . For stigmatic Bedms Mgff =Mf.

3.10
intrinsic a
a

degree of
lenses and

_ 8mf
s
(9)

Note 1 to enftry: Beams are classified according to their intkinsic astigmatism, a, which is an invariant quanti

beam with ¢

beams a=(

3.11
twist para
t

parameter

angular m¢mentum carried by the beam

t:<x@

Note 1 to e

try: The effective beam propagation ratio Mesz 1S an 1nvarilant related to the volume that the b

Fhe four-dimensional phase space (two lateral spatial and two lateral angular dimensions) and.th
the focusability of the beam.

try: For simple astigmatic beams, the effective beam propagation ratio is the geometric mean o

stigmatism

how close to a stigmatic beam the general astigmatic beam éan be transformed by u
free space propagation

-[(<x2><@5>—<xax>2)+(<y2><@;>—<y@y>2)+z(<xy><@X@y>_<x@y><yex>)}_(Mgff i

=0 is called intrinsic stigmatic, a beam witha > 0 is called intrinsic astigmatic. For simple astign

2 2 2 . . .
1/2)(MX —My ) . More details are given,in ISO/TR 11146-3.

meter

related to the rotational properties of the phase front of a beam, and also to the ork

y>_<y@x>

might be al
3.12
principal
X;’ yl

try: The £wiist parameter is invariant under propagation through free space and spherical lensg
red under propagation through cylindrical lenses.

D

us a

the

13

bing

Ly. A
atic

ital

[10)

s. It

yavel

T

<power density distribution> axes of the maximum and minimum beam extent based on the second
order moments of the power density distribution in a cross-section of the beam
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Figure 1 — Beam profile with the laboratory and principle axes coordinate systems

Note 1 to entry: The axes of maximum and minimum extent are always perpendicular to each other.

Notg¢ 2 to entry: Unless otherwise statedjin this document x’ is the principal axis which is closer fo the x-axis
of the laboratory coordinate system, and y’ is the principal axis which is closer to the y-axis of th¢ laboratory
coordinate system.

Note 3 to entry: If the principal-daxes make the angle /4 with the x- and y-axes of the laboratory coordinate
systlem, then the x-axis is by.convention the direction of maximum extent.

Note 4 to entry: See Figure'1.
[SOPURCE: 1SO 11146-1:2021, 3.3]

3.18
azimuthalorientation

¢
<pdwer density distribution> azimuthal angle between the x-axis of the laboratory systgm and the

principal axis x’

[SOURCE: ISO 11146-1:2021, 3.4]

3.14

beam widths

dO'x' (Z)ldO'y’ (Z)

extent of a power density distribution in a cross-section of the beam at an axial location z along the
principal axes x’ and y’, respectively, based on the second order moments of the power density
distribution

Note 1 to entry: This definition differs from that given in 1ISO 11145:2018, 3.5.2, where the beam widths are
defined only in the laboratory system, whereas for the purposes of this document the beam widths are defined in
the principal axes (3.12) system of the beam.

© IS0 2021 - All rights reserved 5
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Note 2 to entry: Formulae for calculation of the beam widths from the three second order moments are given in
7.2.

[SOURCE: ISO 11146-1:2021, 3.5]

4 Coordinate system

The x-, y- and z—axes define the orthogonal space directions in the laboratory axes system and shall
be specified by the user. The z—axis shall approximately coincide with the direction of the beam. The x-
and y- axes are transverse axes, usually horizontal and vertical, respectively. The origin of the z-axis is

in a referegcex=y plamedefimed by the manmutacturer, e g-the frontof the taserenclosure

5 Test principles

5.1 Gen

The follow
beams ISO

5.2 Spat
Spatial sed

of spatially
order monj

5.3 Secd

For the det

Eight of the ten second order moments and the-sum (<x@y>+<y@x>) are obtained by acquisitio

power den
location, c:
and fitting

The differg

acquired b

5.4 Deri

The effecti
obtained fi

e beampropagation ratio

bral

ng test principles are valid for general astigmatic beams. For stigmatic and simple astigm
11146-1 may be applied.

ial second order moments of the Wigner distribution

ond order moments are obtained by acquisition of power“density distributions by mg
resolving detectors, correcting the measured profilessand calculating the first and sec
ents.

nd order moments of the Wigner distribution

ermination of all ten second order moments two different measurement set-ups are requi

bity distributions along the propagation axis z in different planes near the generalized W
ilculating the three spatial second order moments of each measured power density pr
three independent parabolasito them.

bhind a cylindricalléns, see 7.3.

ved quantities

2
Meff ’

om{the second order moments of the Wigner distribution according to the Formulae (8

the intrinsic astigmatism, a, and the twist parameter, ¢,

nce (<x@y>—<y8x )) is obtained from the spatial moments of a power density distribuf

atic

ans
ond

red.

h of

aist
file

—n

on

are
) to

a0).

6 Measurement arrangement and test equipment

6.1 General

The test is based on the measurement of the cross-sectional power density distribution at several axial
locations along the beam propagation axis.

6.2 Preparation

The optical axis of the measuring system should be coaxial with the laser beam to be measured. Suitable
optical alignment devices are available for this purpose (e.g. aligning lasers or steering mirrors).

6
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The aperture of the optical system should accommodate the entire cross-section of the laser beam.
Clipping shall be smaller than 1 % of the total beam power or energy.

The attenuators or beam-forming optics should be mounted so that the optical axis runs through the
geometrical centres. Care shall be taken to avoid systematic errors. Reflections, interference effects,
external ambient light, thermal radiation or air draughts are all potential sources of error.

An evaluation shall be made to determine if the entire laser beam reaches the detector surface. For
testing this, apertures of different widths can be introduced into the beam path in front of each optical
component. The aperture that reduces the output signal by 5 % should have a diameter less than 0,8

times the aperture of the optical component.

6.3| Control of environment

Suifable measures such as mechanical and acoustical isolation of the test set-up, shielding from
extraneous radiation, temperature stabilization of the laboratory, choice of low<noise amplifiers shall
be tlaken to ensure that the contribution to the total probable error of the parameter to be njeasured is
low]

Carg should be taken to ensure that the atmospheric environment in high-power laser beam|paths does

not
bea

6.4

Med

wit

Thd
and

contain gases or vapours that can absorb the laser radiation and cause thermal distor
Im to be measured.

Detector system

surement of the cross-sectional power density distribution requires the use of a detect]
n high spatial resolution and high signal-to-noisesratio.

accuracy of the measurement is directly, related to the spatial resolution of the deted
its signal-to-noise ratio. The latter is important for laser beams with low power densiti

diaeters (e.g. for diffracted parts of the lasér beams).

For
wi

In
sec
See

The

Fur

©IS

f

pixel based detector systems the.spatial resolution should be at least 1/20 of the sm)|
h.

actice, noise in the wings:of the power density distribution E(x,),z) may readily do
bnd order moment integral.”Thus, it is usually necessary to apply background correction g
ISO/TR 11146-3 for further details.

radiation detector.system shall be in accordance with EN 61040:1992, Clauses 3 and 4 in|
thermore, the following points shall be noted.

Care shall'be taken to ascertain the damage thresholds of the detector surface so as to
that these’thresholds are not exceeded by the laser beam.

tion in the

ion system

tor system
s at larger

hller beam

minate the
rocedures.

particular.

make sure

It shall be confirmed, from manufacturers' data or by measurement, that the output qua

tity of the

détector system (e.g. the voltage) is linearly dependent on the input quantity (laser ppwer). Any

wavelength dependency, non-linearity or non-uniformity of the detector or the electronic device

shall be minimized or corrected by use of a calibration procedure.

When using a scanning device for determining the power density distribution function

, care shall

be taken to ensure that the laser output is temporally stable during the whole scanning period.

When measuring pulsed laser beams, the trigger time delay of sampling as well as the

measuring

time interval play an important role because the beam parameters may change during the pulse.

Therefore it is necessary to specify these parameters in the test report.

02021 - All rights reserved
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6.5 Beam-forming optics and optical attenuators

If the beam cross-sectional area is greater than the detector area, a suitable optical system shall be
used to reduce the beam cross-sectional area on the detector surface. The change in magnification shall
be taken into account during the evaluation procedure.

Optics shall be selected appropriate to wavelength.
An attenuator may be required to reduce the laser power density at the surface of the detector.

Optical attenuators shall be used when the laser output-power or power density exceeds the detector's
working (ljmearjTange orthedanmage threstotd-Amny wavetength;, potarizatiomanmdangutardeperndency,
non-linearity or non-uniformity, including thermal effects of the optical attenuator, shall be minimized
or correctdd by use of a calibration procedure.

None of the optical elements used shall significantly influence the relative power (energy) denfsity
distributiop.

7 Measpurement of the second order moments

7.1 General

Before the|measurements are started, the laser shall be warmed up_to achieve thermal equilibrium.
This would be the time stated by the manufacturer or otherwise for at least 1 h. The measurements
shall be carried out at the operating conditions specified by the laser manufacturer for the type of laser
being evalyated.

7.2 Measurement of the second order moments-of power density distributions

Spatial secpnd order moments are calculated from measured and corrected power density distributipns.
The corresponding integrations are carried out on'a subset of the measured data, called the integrafion
area, becayse otherwise crucial noise in the.data may dominate the integrals. In many cases, a prdper
choice of :rhe integration area is important for obtaining reliable results. The following procedure
relates the| size and position of the integration area to the size and position of the measured pofwer
density digtribution, which are initialysunknown. Hence, an iterative procedure is required.

—e

All integrations according to Formutae (2) to (6) are performed on a rectangular integration area which
is centred fo the beam centroid;-defined by the spatial first order moments of the Wigner distributfion,
orientated|parallel to the principal axes of the power density distribution, and sized three times|the
beam widths d,,-and d,z (s€e Figure 2). Since the beam's centroid, orientation and widths are initially
unknown, [the procedure-starts with an approximation for the integration area. The approximagion
should include the beam's extent, orientation and position. Using this integration area, initial valueg for
the beam ;rosition, size and orientation are obtained which are used to redefine the integration afea.
From the rlew«integration area, new values for the beam size, orientation and position are calculafed.
This proceflare shall be repeated until convergence of the results is obtained.

In particular situations the ideal integration area may differ. In any case, the amplitude of the beam
should have fallen below the detection limit within the integration range.

The azimuthal orientation ¢ of the principal axes of a power density distribution can be obtained from
the second order moments of the power density distribution by Formula (11):

go(z):%arctan[Z(xy)/ (<x2 >—< y2>)] (11)

for <x2>¢<y2>;

8 © IS0 2021 - All rights reserved
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for <x2 >=<y2 > , ¢(z) is obtained as given by Formula (12):

0(2)=sgn(())x] (12)
where
sen(()) =) (13)
(xy)l
Thert Attt . e — . — e A S T
1
_ , 2
dGX/(Z)Z\/E{<x2>+<y2>+y (<x2>—<y2>) +4((xy>)2 2 } (14)
1
- 5 A2
day'(z)=2ﬁ{<xz>+<y2>7 ((e)=(y2)) +4(Co)y’ 2} (15)
whére
(x?)-(r?)
v=sen((x*)=(»?))=r=3 5y (16)
[(x2)=(2)
Formulae (14) and (15) are valid only for <x2>¢<y2>.
For <x2 >:<y2> they shall be replaced by Formulae (17) and (18):
1
dc,x»(z):Z\/E(<x2>+<y2>+2(xy>)2 (17)
1
dcy,(z)=2\/5(<x2>+<y2>—2(xy>)2 (18)
These calculations aré~performed for each measurement and the mean values and th¢ standard
devjiations of the beam*widths and the azimuthal orientation are calculated.
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Figure 2 — Integration area

7.3 Measurement of all second order moments of the Wigner distribution

For sufficignt and balanced accuracy of all tén second order moments, power density profiles a
less than twenty equally distributed z locations within a range of at least three generalized Rayl
lengths before and after the generalizedbeam waist shall be acquired. If the generalized beam w
is not accessible for direct measurement an artificial waist shall be created by means of an aberrat
free focusipg lens or focusing system.

From the acquired power density distributions at distance Az from the reference plane or the 1
principal plane of the focusing system used, respectively, the spatial moments <x2 >(Az) , <y2 >(AZ)

(xy)(Az) shall be caleulated according to 7.2. The second order moments <x2>0, <y2>0, <xy>0, <@‘

<@y2>o, <@ @y>0 X0, ), <y8y >0, and the quantity

no
pigh
Qist
on-

ear
nd

o5}

So =<X %A >C +<-y8x >n

[19)

in the reference plane or the rear principal plane of the focusing system used, respectively, are obtai
by fitting three independent parabolas to the spatial moments in the measurement planes accordin
Formulae (20) and (22):

ned
gto

<x2>(Az):<x2>0 +2A2(x0, ) +Az? <@§>0 (20)

(x7)(A2)=(xy), +Azs) +A72 (0,0, >0 (21)
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(2 )(82)=(y?), +282(y0, ) +az2 (6 ),

(22)

The proper choice of measurement plane positions requires that the distance of the generalized beam
waist location from the reference position or the rear plane of the focusing system Az,, and the
generalized Rayleigh length z , are determined using Formulae (23) and (24):

To dletermine the second order moments <x@y >0 and <y@x >0 , a cylindrical lens-with a foc

sha
Sys

Thd
spa

lend
the

to 7
A fd
the

Thd

For

=_<x@x>0+<y@y>0

"8 (02),+(e2),
) (e )+be, )
NleRel)  (ez)elez))

em in horizontally focusing orientation (see Figure 3).
power density distribution in the rear focal plane of the cylindrical lens shall be acg
fial second order moment (xy) calculated according to 7.2 andy'denoted as (xy), . The

shall be rotated to vertical focusing orientation (see Figuré.4). The power density dist
rear focal plane shall be acquired again, the spatial seconid 6rder moment <xy> calculateq

2 and denoted as (xy), .
cal length of f_ =z, g of the cylindrical lens is recémmended. This ensures a proper b

rear focal plane of the cylindrical lens.

second order moments <x8y >0 and <y@x >0 in the plane z = 0 shall then be calcul

If a
per
ten

Arr
of t

mulae (25) and (26):
(x0, )y =2+ =00}, ~ (7))
y 0 2 ch \% h
9.y =50 1
(Y0, ) —7—E(<Xy>v ~(0)y)
focusing system-has been used to create an artificial waist, the following procedu

formed to obfain the ten second order moments in the reference plane from the alread
second ordermoments.

hange allthe ten second moments in a beam matrix P, (see Clause 3). Calculate the beam
ne reference plane according to Formula (27):

(23)

(24)

al length f.

I be placed at the distance Az = Az ,, + f, from the reference plane or thé'rear plane of the focusing

uired. The
cylindrical

ribution in
| according

bam size in

ated using

(25)

(26)

e shall be
y obtained

matrix P

Prefz.S'xPOxSl

(27)

where S is the inverse geometric optical system matrix representing the ray propagation from the
reference plane to the rear principal plane of the focusing system and ST is the transposed matrix S.

©IS
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Assuming that a thin spherical lens has been chosen and the origin of the z-axis has been placed in the
centre of the lens, this system matrix is given by Formula (28):

1-L 0 1o
f
0 1—% 0 -L
s={ (28)

= 0 1 0

f

o L o 1

f

L is the distance between the reference plane and the lens;
[ isthe focal length.

If another|focusing element has been used, e.g. a thick spherical lens¢or a system of lenses,|see
ISO/TR 11146-3 on how to obtain the system matrix, S.

The desirefl second order moments in the reference plane are the elements of the matrix, P_;.

Figure 3 [— Cylindrical lens in horizontally fo- Figure 4 — Cylindrical lens in vertically focyis-
cusing orientation ing orientation

8 Determination of effective beam propagation ratio

The effective beam propagation ratio is calculated according to Formula (8), where P is the so-called
beam matrix which contains all second order moments of the Wigner distribution which are determined
as given in Clause 7. Further details are given in ISO/TR 11146-3.

9 Determination of intrinsic astigmatism

Another invariant during propagation is the intrinsic astigmatism a, which is defined in Formula (9).

The beams are classified due to their intrinsic astigmatism a. A beam with a = 0 is called intrinsic
stigmatic, a beam with a > 0 intrinsic astigmatic. For the determination of the intrinsic astigmatism it is

12 © IS0 2021 - All rights reserved
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necessary to measure all ten second order moments of the Wigner distribution as described in Clause 7.
Further details are given in ISO/TR 11146-3.

10 Determination of the twist parameter
From the second order moments of the Wigner distribution determined according to Clause 7 the twist

parameter tis calculated using Formula (10).

11 Test report

The following information shall be included in the test report:
a) |General information:
1) reference to this document, i.e. ISO 11146-2:2021;
2) date of test;
3) name and address of test organization;
4) name of individual performing the test.
b) [Information concerning the tested laser:
1) lasertype;
2) manufacturer;
3) manufacturer’s model designation;
4) serial number.
c) |Test conditions:
1) laser wavelength(s) at which-tested;
2) temperature in K (diedelaser cooling fluid) (only applicable for diode lasers);
3) operating mode Jcontinuous wave (cw) or pulsed];
4) laser parameter settings:
— outputpower or energy;
— Scurrent or energy input;

" pulse energy;

ptlse-diration:
— pulse repetition rate;
5) mode structure;
6) polarization;
7) environmental conditions.
d) Information concerning testing and evaluation:

1) device used for the measurement of power distributions;
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