ENG NEERI NG STATEMENT
For Type Certification of
Cobra El ectronics Corporation
Model No: 18WK-ST-11
FCC ID:  BBOL8WKSTI |
| am an El ectronics Engineer, a principal in the firmof Hyak
Laboratories, 1Inc., Springfield, Virginia. My education and

experience are a matter of record with the Federal Conmunications
Conm ssi on.

Hyak Laboratories, 1Inc. has been authorized by Cobra
El ectronics Corporation, to make type certification neasurenents
on the 18WK-ST-11 transceiver. These tests were nade by ne or

under ny supervision in our Springfield |aboratory.

Test data and docunentation required by the FCC for type
certification are included in this report. It is submtted that
t he above-nentioned transceiver neets all applicable FCC require-
ment s.

Rowl and S. Johnson

Dated: Septenber 5, 2000



A I NTRCDUCTI ON

The following data are submtted in connection with this
request for type certification of the 18WK-ST-Il transceiver in
accordance with Part 2, Subpart J of the FCC Rul es.

The 18WK-ST-11 is a double sideband anplitude nodul ated
transmtter/receiver conbination intended for nobile (vehicle)
application in the citizens radio service. The transmtter has

40- channel capability in the 26.965 - 27.405 Mz band utilizing
phase | ocked | oop (PLL) technol ogy.

B. GENERAL | NFORVATI ON REQUI RED FOR TYPE CERTI FI CATI ON
(Par agraph 2.983 of the Rul es)

1. Nane of applicant: Cobra El ectronics Corporation
2. I dentification of equipnent: FCC ID  BBOL8WKSTI |

a. The equipnent identification label is submtted as
a separate exhibit.

b. Photographs of the equipnment are submtted as a
separate exhibit.

3. Quantity production is planned.
4. Techni cal description:

a. 6k00A3E em ssi on

b. Frequency range: 26.965 - 27.405 Mz

C. Qperating power of transmtter is fixed at the
factory at |less than 4 watts.

d. Maxi mum power rating under 95.635(c) of the Rules
IS 4 watts.

e. The dc voltage and dc currents at final anplifier:

Col | ector voltage: 13.4V
Col l ector current: 0.53 mA @13.8 Vdc input.

f. Function of each active sem conductor device:
Submtted as a separate exhibit.

g. Conplete ciruit diagramis submtted as a separate
exhi bit.

h. A draft instruction book is submtted as a separate
exhi bit.

i The transmtter tune-up procedure is submtted as



a separate exhibit.

2
B. GENERAL | NFORVATI ON..( Cont i nued)
J - A description of circuits for stabilizing frequency
is included in Appendi x 1.
K. A description of circuits and devi ces enployed for
suppression of spurious radiation and for limting

nmodul ation is included in Appendix 2.
l. Not appl i cabl e.

Data for 2.985 through 2.997 follow this section.

RF Power Qutput (Paragraph 2.985(a), (b)(1) of the Rules)

RF power output in the AM node was neasured with a Bird
4421 RF power neter and a Narda 765-20 50 ohm dummy | oad.
(The transmtter was tuned by the factory.) Power was

neasured with a supply voltage of 13.8 volts, and
I ndi cat ed:

Channel Power, W
1 3.5
21 3.6
40 3.6

C MCDULATI ON CHARACTERI STI CS

1.

AF_Frequency_ Response

A curve show ng frequency response of the transmtter
Is shown in Figure 1. Reference level was taken as a 1
kHz tone with 50% nodul ati on, as neasured on a Data Tech
209 nodul ation meter, using Audio Precision System One
digital voltneter and tracking generator.

Modul ation_Limting

Curves of AM nodul ation limting for both positive and
negative peaks are shown in Figures 2a and 2b, respec-
tively. Characteristics at 300, 910, and 2500 Hz are

shown using a Data Tech 209 nodul ation neter. Si gna
| evel was established with a Audio Precision System One
digital voltneter. The curves show conpliance wth

Par agraph 95.633(d) of the Rules.
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MODULATI ON REQUI REMENTS. .( Cont i nued)

3.

Modul ation Limter Attack Tine

Modul ation limter attack tinme was neasured by applying
to the mcrophone input termnals a pul sed tone at 2500
Hz, 16 dB above the level required for 50% nodul ation
at the frequency of maximum response, 910 Hz. The
spectrum anal yzer was tuned to upper and |ower fourth-
order sidebands in the time domain.

Horizontal sweep of the analyzer was triggered in
synchronismwith the tone turn-on. Sweep speed was 100
mlliseconds per division. Plots are included as
Figures 3a and 3b. Any transients observed in excess of
33 dB attenuation as referenced to the carrier were |ess
than 20 nms in duration.
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in Parcent

Positive Ped< Mod.

TRANSM TTER FREQUENCY RESPONSE
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FI GURE 2a
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in Parcent

Negative Ped< Mod.

MCDULATI ON LI M TI NG CHARACTERI STI CS

Percent nodulation as a function of input [|evel at
m crophone jack in dBm for 300 Hz, 910 Hz, and 2500 Hz
t ones.
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FI GURE 2b
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MODULATI ON LI M TI NG CHARACTERI STI CS
Percent nodulation as a function of input |level at

m crophone jack in dBm for 300 Hz, 910 Hz, and 2500 Hz
t ones.

MODULATI ON LI M TI NG NEGATI VE
PEAKS
FCC I D. BBOL8WKSTI |

FI GQURE 2b
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FI GURE 3a
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[Eep—

REF LEVEL FREGUENCY TIME/ DIV
0.0dBm 26 .9/5MHz 100ms / -
| I

et e S TEES

i
[
!
&

e o e )
:llll L 4 1 | - - ll+_m+-
"l‘l‘ll L] L) LI L LI L

-70

- OO T O O IO O O O T i I w, w

.='*'|||'lq'|f r'!."l:m MR L
Hnl!_ Illﬁ in:anjllllLl. v PP PP P P

DISPLAY A'I'TE.I"IJATID'I"I - e CAHDWEDTH




Measur errent _Condi ti ons: 16 dB over 50% nodulation |level at 910
Hz with 2500 Hz tone, upper fourth order sideband; horizontal
scal e 100 ns/div.

UPPER FOURTH- ORDER S| DEBAND
LI M TER ATTACK TI ME
FCC ID. BBOL8WKSTI

FI GURE 3a
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FI GQURE 3b
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Measur enent _Condi ti ons: 16 dB over 50% nodulation |evel at 910

Hz with 2500 Hz tone, lower fourth order sideband; horizontal
scal e 100 ns/div.

LONER FOURTH- ORDER SI DEBAND
LI M TER ATTACK TI ME
FCC I D  BBOL8WKSTI

FI GURE 3b
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C MODULATI ON CHARACTERI STI CS ( Cont i nued)

4.

Qccupi ed_Bandwi dth_-  AM

(Paragraph 2.989(c) of the Rules)

Figure 4 is a plot of the sideband envelope of the
transmtter taken from a Tektronix 494P spectrum
anal yzer. Mdulation corresponded to conditions of

2.989(a) and consisted of 2500 Hz tone at an input |evel

16 dB greater than that necessary to produce 50%
nodul ation at 910 Hz, the frequency of maxi num response.

Maxi mum neasured nodulation was 95% positive; 95%
negati ve @910 Hz.

The plot is wthin the limts inposed by Paragraph
95.631(b)(1,3) for double sideband AM nodul ati on. The
hori zontal scale, frequency, is 10 kHz per division and
the vertical scale, anplitude, is a logarithmc presen-
tation equal to 10 dB per division.

NOTE: CWcarrier reference was 0 dBm top of analyzer
screen.
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FI GURE 4

OCCUPI ED BANDW DTH
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ATTENUATI ON | N dB BELOW
MEAN QUTPUT PONER
Requi r ed

On any frequency nore than 50%
up to and including 100% of the 25
aut hori zed bandwi dth, 8kHz (4-8kHz)

On any frequency nore than 100%
up to and including 250% of the 35
aut hori zed bandw dt h (8-20kHz)

On any frequency renoved fromthe
assi gned frequency by nore than 60
250% of the authorized bandw dth

OCCUPI ED BANDW DTH
FCC ID. BBOL8WKSTI |

FI GURE 4
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D. SPURI QUS EM SSI ONS AT THE ANTENNA TERM NALS
(Paragraph 2.991 of the Rules)



The 18WK-ST-11 transmtter was tested in the AM node for
spurious emssions at the antenna termnals while the equi pnnment
was nodul ated with a 2500 Hz signal, 16 dB above m ni mum i nput
signal for 50% nodulation at 910 Hz, the frequency of highest
sensitivity.

Measurements were nmade with Tektroni x 494P spectrum anal yzer
coupled to the transmtter output termnal through Narda 765-20
50 ohm power attenuation.

In order to inprove neasurenment system dynamic range, a
series trap tuned to the carrier frequency was used on the Narda

attenuator output. The trap, which had negligible attenuation at
the second harnonic and hi gher frequencies, provided 26 dB atten-
uation of the fundanmental. The trap was not used during close-in

(wthin 10 Mz of the carrier) spurious neasurenents.

During the tests, the transmtter was termnated in the
Narda 765-20 dummy |oad. Power was nonitored on a Bird 43 Thru-
Line wattneter; dc supply was 13.8 volts throughout the tests.

Spurious emssion was mneasured at both power settings on
Channels 1, 21, and 40 throughout the RF spectrum from 10.24 to
300 MHz. Any em ssions that were between the 60 dB attenuation
required and the 100 dB noise floor of the spectrum anal yzer were
recorded. Data are shown in Table.

12



TABLE 1
TRANSM TTER CONDUCTED SPURI QUS

13.8 Vdc I nput

Spuri ous Frequency dB Bel ow Unnod
Channel MHz _Carrier_Ref.

1 53. 930 76
1 80. 895 73
1 107. 860 84
1 134. 825 82
1 161. 790 80
1 188. 755 73
1 215.720 71
1 242. 685 65
1 269. 650 73
21 54. 430 80
21 81. 645 73
21 108. 860 83
21 136. 075 81
21 163. 290 72
21 190. 505 73
21 217.720 70
21 244.935 64
21 272. 150 72
40 54. 810 87
40 82. 215 73
40 109. 620 83
40 137. 025 82
40 164. 430 65
40 191. 835 72
40 219. 240 68
40 246. 645 64
40 274. 050 69
Requi r ed: 60

Al'l other spurious were nore than 20 dB bel ow required 60 dB sup-
pr essi on.
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E. FI ELD STRENGTH MEASUREMENTS OF SPURI QUS RADI ATI ON
(Paragraph 2.993(a)(b,2) of the Rules)

Field intensity neasurenents of radiated spurious em ssions
from the 18WK-ST-1l transmtter were nmade with a Tektronix 494P
spectrum anal yzer and dummy | oad |located in an open field 3 neters
from the test antenna. Qut put power was 3.5 watts. The supply
voltage was 13.8 volts. The transmitter and test antennae were
arranged according to OCE 42 to maxi m ze pickup. Both vertical and
hori zontal test antenna pol arization were enpl oyed.

Measurenents were nmade from 10.24 MHz to 10 tines the naxi mrum
operating frequency of 26.965 or 269.65 M.

Ref erence |l evel for the spurious radiations was taken as an
i deal dipole excited by 3.5 watts, the output power of the trans-
mtter according to the follow ng rel ati onship:*

E = (49.2xP)Y2
R
wher e E = electric-field intensity in volts/neter
P, = transmitter power in watts
R = distance in neters
for this case E = (49.2x£’33.5)1’2 = 4.4 V/m

Since the spectrum anal yzer is calibrated in decibels above one
milliwatt (dBm:

4.4 volts/meter = 4.4x10° uV/m
dBu/m = 20 Log ;,(4.4x10°)

= 133 dBu/ m

Since 1 uV/m -107 dBm the reference becones

133 - 107 26 dBm

Representing a conversion for convenience, from dBu to dBm The
nmeasur ement system was capabl e of detecting signals 100 dB or nore
bel ow the carrier reference level. Data, including antenna factor
and line loss corrections, are shown in Table 2.



*Ref erence_Data for Radi o Engi neers, International Tel ephone and
Tel egraph Corporation, Sixth Edition.
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F. FI ELD STRENGTH MEASUREMENTS ( Cont i nued)

TABLE 2

TRANSM TTER CABI NET RADI ATED SPURI OUS
Channel 1, 26.965 MHz; 3.5 watts

Frequency, Mz dB Bel ow Carrier Reference
53. 930 75V
80. 895 71H

107. 860 88V
134. 825 77H
161. 790 74V
188. 755 72V
215.720 79V
242. 685 80V
269. 650 84V
Requi r ed: 60

V/IH \Wrst-case test ant. polarization.

Any unlisted spurious were nore than 80 below carrier reference
from10.24 to 269. 650 MHz.

F. FREQUENCY STABI LI TY
(Paragraph 2.995(a) (1) of the Rules)

Measurenment of frequency stability versus tenperature was
made at tenperatures from -30°C to +50°C in 10° increnents. At
each tenperature, the unit was exposed to the test chanber anbient
a mnmm of 60 mnutes after indicated chanber tenperature

anbi ent had stabilized to within +2° of the desired test tenpera-
ture. Following a 30 mnute soak at each tenperature, the unit was
turned on, keyed and frequency neasured within 2 mnutes. Test
tenperature was sequenced in the order shown in Table 3, starting
wi th -30°C.

A Thernotron S1.2 tenperature chanber was used. The
transmtter output stage was termnated in a dummy load. Primary
supply was 13.8 volts. Frequency was neasured with a HP 5385A

digital frequency counter connected to the transmtter through a



power attenuator. Measurenments were made on Channel 9, 27.065
MHz. No transient keying effects were observed.
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G FREQUENCY STABI LI TY (Conti nued)
TABLE 3
Tenperature Qut put _Frequency, Mz
-29.0 27. 065108
-19.7 27. 065117
- 9.6 27. 065176
- 0.1 27. 065195
10.0 27. 065175
20.1 27. 065111
30. 4 27. 065034
39.7 27.064970
49. 8 27. 064941
Maxi mum frequency error: 27.065195
27. 065000

+ .000195 MHz
FCC Rul e 95.625(b) specifies .005%or a maxi numof + .001353 MHz.

G FREQUENCY STABI LITY AS A FUNCTI ON OF SUPPLY VOLTAGE
(Paragraph 2.995(d)(2) of the Rules)

Gscillator frequency as a function of power supply voltage was
measured with a HP 5385A digital frequency counter as supply
voltage provided by an HP 6264B variable dc power supply was
varied +15% from the nomnal 13.8 volt rating. A Keithley 197
digital voltnmeter was used to neasure supply voltage at transmt-

ter primary input termnals. Measurenents were nade at 20°C
anbi ent .
TABLE 4
Suppl y_Vol t age Qut put _Frequency, Mtz

15. 87 27. 065117

15.18 27.065115

14. 49 27.065113

13. 80 27. 065111

13. 11 27. 065109

12. 42 27. 065106



11.73 27. 065103
Maxi mum frequency error: 27.065117

27. 065000
+ .000117 M+

FCC Rul e 95. 625(b) specifies .005% or a nmaxi num of £ .0001353 MHz.
No effects on frequency related to keying the unit were observed.
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H. ADDI TI ONAL REQUI REMENTS FOR TYPE CERTI FI CATI ON
(Par agraph 95.665 of the Rul es)
The 18WK-ST-11 neets the applicable provision of 95.665(a).

External controls are limted to the foll owi ng per 95.665(a):

1. Primary power connection

2. I nternal M crophone

3. RF out put power connection

4. N A

5. On-of f switch (conbined with receiver volunme control)
6. Not applicable, AMonly

7. Not applicable, AMonly

8. Transmtting frequency sel ector

9. Transmt-receive switch
10. See #1
11. Not applicabl e

The serial nunber of each unit wll be inplenmented in

accordance with 95. 667.

A copy of Part 5, Subpart D, of the FCC rules for the
CGtizens Band Radio Service, current at the time of packing of the
transmtter, nmust be furnished with each CB transmtter narketed
per 95.669.

l. PLL RESTRI CTI ONS
(Per Public Notice of April 27, 1978)

The 18WK-ST-11 neets the following conditions specified in
the April 27, 1978 noti ce:

1. Al'l frequency-determ ning el enents, including crystals,
PLL integrated circuits and channel selector swtches
are permanently wired and sol dered in place.



2. The PLL integrated circuit has no nore than six active
| eads and i s BCD encoded.

3. The channel sel ecti on nmechani smhas only 40 positions.

4. The PLL integrated circuit has no "spare" or undedi -
cat ed | eads.

5. A copy of the PLL data sheet is submtted as a separate
exhi bit.
17
APPENDI X 1

C RCU TS AND DEVI CES TO STABI LI ZE FREQUENCY

Al 40 channels of transmtting, and receiving, frequencies
are provided by PLL (Phase Locked Loop) circuitry.

The purpose of the PLL is to provide a multiple nunber of
frequencies from VCO (Voltage Controlled Gscillator) with quartz
crystal accuracy and stability from on crystal oscillator refer-
ence frequency.

The reference crystal oscillator frequency is 10.24 Miz.



G RCU TS AND DEVI CES TO
STABI LI ZE FREQUENCY
FCC I D. BBOL8WKSTI |

APPENDI X 1

APPENDI X 2

G RCU TS FOR SUPPRESSI ON SPURI QUS RADI ATl ON

The tuning circuit between frequency synthesizer and fina
anp Q704 and 4-stage "PI" network Cr718, Cr719, L711, Cr21,
L712, Cr725, L725, L713 and Cr723 in the Q704 output circuit
serve to suppress spurious radiation. This network serves to
i npedance match Q704 to the antenna and to reduce spurious
content to acceptable levels in the frequency synthesizer.

G RCU TS FOR LI M TI NG MODULATI ON

A portion of the nodulating voltage is rectified by D402
whi ch turns on 1 C401 attenuating the mc input. The resulting
feedback 1oop keeps the nodul ation below 100 percent for
inputs approximately 40 dB greater than that required to
produce 50 percent nodul ati on.

CRCU TS FOR LI M TI NG PONER
During factory alignnment, tuning is adjusted so that the

actual power is from 3.6 to 3.9 watts. There are no other
controls for adjusting power.



DEVI CES AND CI RCU TS TO SUPPRESS
SPURI QUS RADI ATION AND LIM T
MODULATI ON

FCC ID. BBOL8WKSTI |

APPENDI X 2



