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APPENDIX I
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<710
-80 {~
95% Confidence,
true vaiue -
95% Confidence, "
-90 new measurement pame " et H
- - ueo® ——
-100
== Squelch
110 ’,—"’ \ level
. \- City code
“Corrected” slope
-120 |- Calculated regression line
130 | 12=0.62
-140 ] 1 } { i 1 1 | J
-14 -12 -10 -8 6 -4 -2 0 2 4
10L0g #3999 (FIM data)
Figure 1.1 90th Percentile, 450 melers
-0
-80 |-
.90 95% Confidence, oH
-100
-110
-120
130 |~ 12 = 0.48
-140 1 | - | L ] 1 1
1 5 . 20 25 30 35 40 45

10log | ,, {Combined data)

Figure 1.2 90th percentile, 450 meters



———

[

70— e
.-.-"'.‘
-80 - ’..-
00} ,.-"..‘ oH
3 ' e
[} eescceesrsseennssneses”” /
v
s -100
l_t":; G
0
2 110
@Q
8
@
-120
-130 }- r2=0.67
;1 40 4 | 1 i 1 1 | J
114 112 -110  -108 -106 -104 <102  -100 -98
Average power, automated ground data
Figure 1.3 90th percentile, 450 meters
— ~76 [~
_80 -
90+ _............ oH
E _...--0""-.
)
© /
g. <100 Ty - G
‘G eC
'§ 110 - oF
D
[3} s
D
(i
-120
-130 r2=0.26
140 L 1 1 1 | 1 | J
7 i 5 -4 -3 2 - [} 1
10Llog '3000 (leak d?teclor)

Figure 1.4 90th percentlle, 450 meters



Received signal, dBm

Received signal, dBm

90 oon®
-"“.-
-....___.__..... "‘,.a oo’
oK *G
-110 eC
oF
-120
-130 r2=0.08
140 - ] i L 1 1 I | J
. -6 -5 -4 -3 -2 -1 0 1 2
10Log I3000 (leak detector data)
Figure 1.5 90th percentile, 3000 meters

-70

-80

-90
-100 M E et o H

uu-n---n-»n--nnn.’---’""“' Y
J tK
-110 eC
oL
*
-120 F
-130 r2=0.19
-140 i 1 | } 1 | 1 1
10 15 20 25 30 35 40 45 50
10Log!

Figure 1.6 90th percentile, 3000 meters



Received signal, dBm

Received signal, dBm

8
'

8

-110

3

-140

et oH

et st
Fladeusvacone:

oM eE

®F

1 1 i 1 | 1 i 1 |

14 42 10 -8 -6 -4 -2 0 2 4

8

10Log '3000 (FIM data)
Figure 1.7 80th percentile, 3000 meters

g

-110

120Le M

L
onees”
o

................’.\.... e

1 1 1 i | 1 A 1 ]

-140
-1

4 -12 -10 -8 -6 -4 -2 0 2 4

Figure 1.8 50th Percentile, 450 meters



Received signal, dBm

Received signal, dBm

8
T

g

L
-
Q

140 L \ 1 1 1 \ ]
10 15 20 25 30 35 40 45
10logle

Figure 1.9 50th percentile, 450 meters

8
T

2

-110

8

-130

-140 1 1 ] ) 1 | i |
- 10 15 20 25 30 35 40 45
10Llogle
Figure 1.10 50th percentiie, 450 metars w/o City F



R,

[N e

.

Nz s

[N,

Received signal, dBm

Received signal, dBm

.80 -

.m -
-100
-110
-120

&F
r2 =021
130 |-
-140 1 1 1 1 1 1 1 .|
-7 -6 5 -4 -3 -2 -1 0 1
10 Log lappp (teak detector data)
Figure 1.11 50th percentile, 450 meters

~70

80

-90 |-
-100

‘ _.«“’0 H

110} oK e o

140, ] 1 1 ] ] ) )
10 15 20 25 30 35 40 45
10loglm

Figure 1.12 50th percentite, 3000 meters



-70 r—
-80 -
90 |-
&
© LI T .f’."
§ 100 .L""".“""'"'---. o —
% e veaqqearer®®” oH
® 10}
3 oK G
o &
[}
<
120 , eC
L ] 2
-130 L- F [ 4 - 0.04
-140 ! 1 | S | 1 1 i |
- -6 5 4 3 -2 -1 0 1
10 Log Igpqg (leak detector data) ’
Figure 1.13 50th percentlie, 3000 meters
-70 [—
80 oo
-
90l -
s ,«-""-
© — e o
Té- 100 " ennaaan & e
o
()
®
2
[-1]
B
(4
oF
2=
130l r 0.30
140 1 ] 1 L i 1 1 )
-114 112 -110 -108 -106 -104 -102 -100 -98

Average power, automated ground data

Figure .14 50th percentile, 450 meters



8
T

8

-110

Received signal, dBm

-120

i i 1 1 | 1 i I ]

-140
-14

12 10 -8 6 -4 -2 0 2 4
10Log |3000 (FIM data)

Figure 1.15 50th percentile, 3000 meters

8

Received signal, dBm

-110

-130

F
1 | 1 1 1 i | J

-140
-110

-112  -110  -108 -106 -104 -102 -100 -98
Average power, automated ground data

Figure 1.16 10th percentile, 450 meters



-80

g8 8

Received signal, dBm
3

-140
- -6 -5 -4 -3 -2 -1 0
10Log |3000.(leak detector data)
Figure [.17 10th percentile, 450 melers
70—
-80 -
90—
E
m
he)
= -100
c
o
(%]
8 .------.0---....... avee®®® ~* H
Q TS LY
i d
120 4k
*G
-130 - ¢C r2=0.06
oF
-140 1 d i 1 A 1 1
-7 -6 5 -4 -3 -2 -1 0

1 i 1 | A

10Log 13000 (leak detector data)

Figure 1.18 10th percentite, 3000 meters



—ey

N —

Received signal, dBm

Received signal, dBm

8
T

g

110

140 | 1 1 1 ] 1 ] 1 1

4 42 0 -8 6 -4 -2 0 2 4
10 Log 1300 (FIM data)

Figure 1.19 10th percentile, 3000 meters

g

BN
-
o
|

-140

10Log l2000 {FIM)

Figure 1.20 10th percentile, 450 meters



Received signal, dBm

Received signal, dBm

r2=0.52

-140
10

Figure 1.21 10th percentile, 450 meters

-100

110

1201

-130

140

--.'....
-

pevasne®s®

Me oE

| i |

10

15 20 25 30 35 40 45
10Llog e

Figure 1.22 10th percentile, 3000 meters



APPENDIX J

1873 T coPy
SR i
il
aul Sg;g:;:ﬁsfi THIR L
’ ! si.zg ;;.'-!' . FETRY
e e B
42; 1
' !‘z!‘: !’! '1i| 3 !!’ 11 ”l!l m-l?“z ::} .‘! l‘f“l’ﬁf""t;l i |“1=‘?!'1 i ﬂ'ﬂm 5
1851 lﬁ‘_l'? 8 feot U {;' HH U
¢ w . ‘ l l
H | i !: u!iz
. e L e <
’ ] " l'v' 5 ' {l: g!r! :,11 - : ) |L!,{ ’
ar ° [t Tk :ﬁ’:‘ii""" il lfi;:l’:"lﬂ N 3
) e
| “IEB 4 ‘smm,g! 5"'!':!{'! 'c-!“’: "f.l;"!‘:h‘ !h.,nui!yﬂ“ﬂ '!shn,h; tned, :"r-s-ya
(A-fﬁm SCALE] TR S j&,gﬂg;? e ) i 1
8 . v — i v ' v 1
Y a ;%?.g - 18
i H . —
: NDO.:1 DATE:S-26-73 . .
%é%mx 7L13 SPEC. ﬁ:‘aL\'ZER' FREQ., FCNITCRED> 117.993
PUMS: 1 TO 7 ALTITUDE: 1580 FEEY
Figure J.1
- 18E6AS oY

+;1 158 -+

4
[—68

~£3
=188
~129

B SCalEl

149 i L L4 : A\ L] v
-529 - -258 1
CITY K 1E-3
FLIGHT NO.:11 DATE:S-25-78
TEKTRGNIR 713 SPEC. FNALYZER: FREZQ. mwxmm 117.559
RONS: @ 10 sm.n'ru}:x €263 FEET

Figure J. 2

8-\-



1098 | coev
-‘! ! ahivin n l‘c
il il "’;m“ 'Lii!l ii i !ﬂnzﬂ"pl :'!n]!!‘; -m’!;'
1;8 176 + ' dn, iR K 1. R
6
Eﬂ
-ga
-1€8
-128 ]
DB SCaLE]
15?5‘\58 v M v -2£5 v — v 1{%

CITY 183 -
FLIGT 01 " oaTE 92678 ! %
TEKTRONIX 7L13 SPEC. ANALYZER+ FREQ: MONITORED= 117.999
RUNS: 9 TO. 9 ALTITUDE: 10829 FEET

Figure 3.3

-60 SPECTRUM ANALYZER IMAGE copy

iif"‘h -;.!M,“-”ﬂ “\"‘A!’Ml il
lﬂ‘{if i”nf ] i,ﬂl : L

LJ v l L J v v l L L 4 . ’ v v v .

117.82 117.945 118.97 118.155 118.3
FREQUENCY - =~ 1E 6

ANALYZER CRT HZDIU= S2000HZ

IMARGE NO.= 3 FLT NO.:1

CITY u~

Figure J.4



70 ] SPECTRUM ANALYZER IMAGE coPyY
-87.5 -
b %
£ g
-xes-fé', J "‘lﬂ YAk 1 "
d , .l i 11 st "“.F .
UYL TAY
TR iiL E
- '
-122.5 +
E
-148 f—r——v———— ey}
117.62 . 117.545 118.87 118.155 118.3
FREQUENCY 1IE € :

ANALYZER CRT HZ/DIV= S8883HZ

IMRGE NO.= S FLT NO.:1
CIlTy &

Figure J.5

¥ DEM SCALE

e U o
oo e <
[ JR
op 0 e R v -
E - R

%) v . . { v v }

=508 ~-200 169
CITY B T 1E-3

FLIGHT HO.:S DATE:9-26-73

TEKTRONIX 7L13 SPEC. AMALYZIER: FREQ. MONITORED= 117.859

FUMS: 1 TO 1@ ALTITUDE: 1589 FEET

Figure J.6



1E28 cor

bty

it -

AT

ip H 2= 2

L

L

104N 159 +

coU L see o

-£8
-2

E . TR e

Mtien SCALE

1@‘3 v v A % M M v % .
-S60 -215 7o
CITY B 1E-3
FLIGHT HO :5 ODATE:
TENTROMIY, 7L13 SPEC. ANALYZER: FREQ. MOMITORED= 117.999

A e v
e L e
oo [ A o 1=

: A s 52

-& .

. ___63 h
-4
-199
-129 ]

oer SChLE

15@ . . . | ~ . i
-550 : -225 160
CITY B 1E-3
FLIGHT HO.:S DATE:9-26-78
TERTROMI® 7L13 SPEC. ANALYZER: FREQ. MONITORED= 117.939
FUMS: 12 TO 15 ALTITUDE: SO0 FEET

Figure J.8




[———

[UURE——

1E=8 CoPY

-

e ROH 17
S0 . - ‘ e :
e d MBI B TR TR A

00 +
o I ! Hlm=4ldthm"%”q
Wy { }
) liIL | |”NI!'! undh«.h UN= 16
+ i ~-£0
-2
-195
-125
DEM SCALE
zea . . . } - . . ]
-260 ~180 . 52
CITY B o 1E-3
FLIGHT HO.:S DATE:9-26-78
TEKTRONIZ 7L13 SPEC. AHALVZER: FREQ. MONITORED= 117.999
PUNS: 16 TO 17 ALTITUDE: 100ed FEET

Figure J.9

] SPECTRUM ANALYZER IMAGE coryY

&
N
(4]
(ll

i

-185 +

In

{

l{ .AIJ,,J:'!..

penr Ry
i

o
vyl

gg,agfg\s;ﬁ,nﬂ* }‘1 ’ u”’{m!!w; Lu

|

|

————l AT T

b
=

(‘x

"q I

} ;} gr"i“i i i;'r,

Q-
Gl

-149 —t——
117.8 117.925 118.85 118.175 11
FREQUENCY .  1E 6
ANARLYZER CRT HZ/DIU= S3G20HZ
IMAGE NO.= 8 FLT NO.:S
CITY B

Figure J.10



VOR

AUDIO GENERATOR

BEMDIY. RVG-334

k wF

STCHAL CELERATOR

TIC TYFE 2114

RF

SIGHAL GEIERATCR

EP 8640B

Figure J.12

6aB

COUPIER

EQUIPMENT CONFIGURATION

RECEIVER

NARCO MARK 12

|

-~
.~

£ sanbtg

g ALID

S:1°0ON 1714 61 ="ON 39941

ZHEAZZS =NIQ/ZH 1¥D H=SZATRNG

87411

ADNENORIS
526 411
T

9
c9°811

}
FOURT ¥IZATANY WNALI3AS

jody DD
—_— e
—p LT
— T
—
- p
e "'E(ﬂl_
. -
v‘-.—.- —
-
: =
LT T
o cma miln
e



VOR FIELD INTENSITY - MICROVOLTS

30 40

20

TUNED RECEIVER FREQUENCY 113 MHz
VOR SIGNAL 5uv

-10
FREQUENCY FROM RECEIVER TUNED FREQUENCY {kHz)

110

100+

(=3
o

[=3
)

60
50

|
o
~

(wgp-) DY1Jd YIAIZDTY YOI TIATT

bl 5 ¥ X B4
Sorais

25,000 FT.
40,000 FT,
: J

ANTENNA TYPE' 4-LOOP {(ALFORD)

ANTENNA HEIGHT® 15 FEET

FREQUENCY 115.0 Mc

AIRCRAFT TYPE KC-135

AIRCRAFT ANTENNA FLUSH MOUNTED —-
IN VERTICAL e |
STABILIZER

RADIAL 023"

AIRCRAFT SYSTEM LOSS 1.82 DB

DATE SEPTEMBER & AND 7

ALTITUDE SEE LEGEND

VOR POWER OUTPUT: 117.120¥W

AVERAGE TERRAIN 1500 FEET

ALL ALTITUDES INDICATED ARE MSL
aaen.

DISTANCE - NAUTICAL MILES

Figure J.14

COMPOSITE YOR RELATIVE FIELD INTENSITY
(AIRCRAFT FLIGHT INBOUND)

Figure J.13



FNALYSIS OF DATA FOR cITy H

FLIGHT NO.:1 DATE:S-26-78 cePY
ALTITUDE=15%0
RUN FEAN CEGREES CF FRESDOH

1 -71.5758 163

2 -78.4534 76

3 ~77.5723 S8

4 ~76.5772 - 76

5 ~75.4439 129

g -77.7939 87

=76 .5152 e7

REFERENCE DISTRIBUTICN= 1.31&33 FOR S35 PRUEASILITY

PCCLED UVARIANCE OF ONE ALTITUZE= 41.38€5

SUM OF SRUARES: ST= I361.5 SC= 29522.8 SR= 26619.3 S»=
3.76159E+85

SUM CF Y~2: 3.7913582+85 G=-42493.3 N= 649

F RATIO HITH 6., 643 DEGREES OF FREEDOM= 13.5331

Table J.1

ANALYSIS OF DATA FOR ClUY H
FLIGHT NO.:1 DATE:S-26-78 coPyY
ALTITUDE=522S TO 168289 FEET

RUN MEAN CEGREES OF FREEDOHM

8 . -83.682 87
S =31.748 189

REFERENCE DISTRIBUTICH= 3.62185 FOR 95% PROBASILITY

POOLED URRIARNCE OF CONE ALTITUDE= 334.49

SUM CF SQURRES: 8T« 6973.63 SD= 71968.2 SR= 63894.6 Se=
1.491358E+6S

SUM OF YA2: 1.56355E+26 G=-17185.3 N= 193

F RATIO WITH 1, 197 DESGREES OF FREECCH= 18.1578

Table J.2



ANALYSIS CF DATA FOR CITY B
FLIGHT NO.:S DATE:9-26~78 CoPY
ALTITUGE=1580 FEET

RUH MEAN DEGREES OF FREEDCH
1 -91.7581 7’6

2 =31.6349 S8

3 -83.8359 .98

4 -83.4113 S8

5 ~87.7351 76

REFERENCE DISTRIBUTION= .S52916 FOR 95% PROBASILITY ,
POCLED VRRIANCE OF ONE ALTITUDE= 21.6845 D

SUM OF SRUARES: ST= 4765.5 S0= 14198.3 SR= 9424.70  S&=
3.52431E+86

SUM CF Y~2: 3.33858E+26 G=-393£8.1 k= 451

F RATIO WITH 4, 447 DEGREES OF FREEDOM= 356.5849

Table J.3

ANALYSIS CF DATA FOR CITY 8
FLIGHT NO.:5 DATE'9-26-78 CoPY
TITUDE=1589 FEET

RUN FESCN DIZGREES OF FREEDOA
8 -85.5647 3
S ~92.3955 ?’6
%8 -83.8246 54

1 -81.1674 423

REFERENCE DISTRIBUTION= 1.28707 FOR 95% PROEARBILITY
POCLED UARIANCE OF OME ALTITUDE= 25,6538

SUM OF SQUARES: ST= 3769 SD= 18758.3 SR= 6869.25 SA=
2.11321E+86

SUH OF YA2: 2.12597E+E6 G=-24168.9 °  N= 275
F RATIO HITH 3, 272 ODEGREES OF FREEDOM= 48.8526

Table J.4



ANALYSIS CF DATA FOR CITY B
FLIGHT NO.:5 OCATE:S-26-78
ALTITUCE=5863 FEET

RUN MELN , OEGREES OF FREEDOH
12 -93.2657 74
13 -59.7822 131
14 -52.8395 87
15 -92.88351 87

REFEREMCE DISTRIBUTION= 1.23217 FOR 957 PROBABILITY
POOLED UARIANCE OF ONE ALTITUDE= 38.7339

S OF SQUARES: STe 355.79 S0= 15577
3.34145E+06
SUM OF Y~2: 3.35782E+86 G==36376 N= 296

F RATIO WITH 3., 393 OEGREES OF FREEDOM= 3.86172

Table J.5
ANALYSIS OF DATA FOR CITY B
FLIGHT NO.:5 DATE:9-26~78
ALTITUCE=16839 FEET
RUN MEAN DEGREES OF FREEDOH
16 -82.98 S8
1?7 75.8799 i

REFERENCE DISTRIBUTION= .771969 FGOR 95% PROBASILITY

POOLED UARIANCE OF ONE ALTITUCE= 8.3772S

i}ﬂm OF SGRUARES: ST= 247331 S0= 248244
36358

St OF Ya2: 744582 G=-73239.14 N= 110

F RATIO WITH 1, 109 DEGREES OF FREEDOM= 29524

Table J.6

SR= 15221.3

SR= 913.125

¥

Sit=



[N

ANALYSIS OF DATA FOR CITY K -
FLIGHT NO.:2 DQATE:9-26-78 corPY
ALTITUCE=1520 FEET

RUN MEAN DECREES OF FREEDCH
1 ~99.614 142

REFERENCE DISTRIBUTION= .TB23T8 FOR 95X PRUSARSILITY
PCOLED URRIANCE OF ONE ALTITUDE= 12.5353

SUM OF SOUARES: ST= @ 80= 1722.63 SR= 1792.63 So=
1.41898+26

SM OF YAa2: 1.42077E+8S G=-14244.8 K= 143

F RATIO WITH ©, 143 DECREES OF FREEDOW= 1.3J724E+37

Table J.7

ANALYSIS OF CATA FOR CITY K
FLIGHT RO.:2 DATE'S-26-78 coPyY
ALTITUDE=1529

RUN MERN DEGREES CF FREZUOM
11 -132,327 153 ‘
12 o =94.23935 13
13 ' -34.2823 87
14 - =92.671 76
15 . -82.7243 o3
16 ' ~$2.9183 76
7 -94.1386 &3

| REFERENCE DISTRIBUTION= 1.45624 FOR 95% PROBOBILITY

PCOLED UARIGNCE OF ONE ALTITUDE= S4.7182

Si51 GF SQUARES: ST= 9545 SO= 43334.5 SR= 3/?89.5 S»=
6.51437E406
S OF Y~2: 6.3S3ICEHZS G=-68251 N= 715

F RATIO WITH 6, 709 [EGREES COF FREEDCH= 29.877S

Table J.8



ANALYSIS OF DATA FOR CITY K
FLIGHT NG.:2 DATE:9-26-78 coPY
ALTITUCE=1S39 FEET '

RUN *EFN DEGREES OF FREZDOM
17 -S54.133% &5
18 -92.7486 4

REFERENCE DISTRISUTION= .S58484 FOR 95% PRCSASILITY
POCLED URRIANCE CF OKE ALTITUDE= 4.63538
SN CF SQUARES: ST= S8 80= 614.75 SR= 556.75

1.2572355+25
SUM COF YA2: 1 2T8SEE+8S 6=-11314.3 Ne= 121
F RATIO WITH 1, 128 OCEGREES CF FREEDCH= 12.85211

Table J.9

GRAND MEANS COMPARISON

(GRAND MEAN IN dBm)

Location " Altitude - Feet

1500 5000 10, 000
City K -94. 6
City B -88.2 -91.9 -83.0
City B -76.‘1 -80. 6 -91.7
City ¢ -86.9
City I -73.2 -73.7
City G ‘ -85.4 -85.8 -69.0
Forbes Field -94.8

Table J.10

St=



—

AMALYSIS OF DATA FOR -IvY €
FLIGAT NO.:12 DATE:9-7-78
SLTITVDE=1S29 FEET

RUN MERH DEGREES (F FREEDM
1 -85.933% 4
Z -85.3546 122
3 -87.08148 76
4 -87.8322 °3
S -856.7776 25
5 -86.8892 87
7 -£6.3166 43
8 -£5.9922 189
9 -87.1478 87
1@ -g7.83972 76
11 -87.024 ize
12 -86.8581 g7
13 -86.8423 76

PEFERENCE DISTRISUTION= 358783 FOR_95% PRO2FBILITY
POOLED UARIANCE OF CONE ALTITUDE= 2.77257
SUM OF SQUARES: ST= 59 S0= 3137

8.46833E+95
SUM OF Y~2: 8.471462+C5 G=-97475.4 N= 1122
F RATIO WITH 12, 1116 DEGREES OF FREEDOQM= 1.77387

Table J.11

ANALYSIS ©F DATR. FOR ciTy ¢©
FLIGHT ND. 12 DATE:§-7-78
ALTITUDE=1838 FEEY

RUN YEAN DEGREES REECOH
21 “85.6 ESREES OF A
22 ~-85.9233 o7
23 -87.153 76
24 -856.753 76
23 -86.7323 65
25 -85.7837 87
a7 -85.717 84

REFERENCE DISTRIBUTICN= .39154 FOR 95% PROSAB

g&g.gg %g_%%s CF (NE ALTITUDS= z.g/ees LTy

gﬁ?gzzé% : ST= 15 SC= 1511.5
F Yr2: 3.98123E+86 G=~45839

F RATIO WITH 6, S22 DEGREES OF FR??@’P%S?‘ZE?S

Table J.12

coPY

SR= 30978

&R= 1486.5

Sf=



APPENDIX K

COMMENTS FROM COMMITTEE MEMBERS

A number of Committee members supplied editorial and substantive comments, and
in some cases dissents, to the semi-final draft of this Committee report.

With the exception of the letter from Charles Cram, included in this Appendix,
those comments are not reprinted here because all comments (including those4in

the attachments to Mr. Cram's letter) were incorporated into the final draft

to the satisfaction of their authors.



DEPARTMENT OF TRANSPORTATION
"FEDERAL AVIATION ADMINISTRATION

WASHINGTON, D.C. 20591

October 3, 1979

Dr. Robert Powers

Secretary, FCC Advisory Committee
on Cable Television

Federal Communications Commission

Cable Television Bureau

2025 M Street, N.W.

Washington, D.C. 20554

Dear Bob:

As a member of the CATV Advisory Committee, I concur

(with the enclosed comments) with the draft final report
of the Committee except for the proposed regulatory
approach. Since proposed regulations are questions of
policy rather than the technical aspects of the research
project, I do not have the authority to approve or dis-
approve. The Federal Aviation Administration will present
its position on proposed regulations during the IRAC |
Review of the NPRM. Attachments 1 through 4 are my comments
on the report. They include general comments on the
report as a whole, -comments on specific sections with
recommended -changes, my own comments- on the proposed - -
regulatory approach, and a response to Bob Dickenson's
proposal.

Sincerely,
CHARLES CRAM
Spectrum Management

Branch, ARD-450

Enclosures

SUS. GOVERNMENT PRINTING OFFICE: 1970 633-568/423 1-3 K-2












