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No.2147A | LA3433

WYO . _ Monolithic Linear IC
ﬂ!HW|# Car STErE0-Use PLL FMMPX Stereo DEMODULATOR
WiTH P1LoT CANCELER

_Eﬁé‘LA§ﬁ§3 is an”ﬁﬁi IC fob FH 6ar stereo use., AI£“00n#ains thelVCO nomn-
adjusting function, skip noise eliminating function, and pilot c¢ancel functilon
and |is packaged in a 16-pin DIP. ;

Functions

-« [VCO non-adjusting function '

. P10t cancel function {Level follow-up type)

. IStereo noise control function tSNC function)

4 High cut control function (HCC|function)

- Stereo -~ monaural automatic select (Pllot input prioritized)

.‘VCO oscillation stop function

. Foroed monaural function for reception mode- f(stereo lan unlighted; pilot
cancel function and HCC function held). :

| Fhis function is provided by dksconne?ting pin 10 from V4c.
“ﬁ,‘;,&% provide forced monaural mode at Lamp |HCC|Pilot carcel
Pin 8 GND Lighted | O O
7.3V or greater applied to pin|7 | Unlighted | x i
Pin 11 GND Unlighted] O x
Pin 10 disconnected Unlighted| O O
Features -
. Non-ad justing VCO: Eliminates the need to adjust free-running frequency.
. NCO is stable to amblent temperature ¢hanges: ¥0:1 to 0.15% for %50°C change

. Low distortion (0.07% typ. /300mV input, mono)
. Good ripple rejection of power supply|(35dB typ.)
. hide operating voltage range (Vpp=6.5 to 13v)

The application circuit diagrams éﬂﬂﬂ out'lme 30068"1] 1610

and circuit constants herein are unit tmm)
included as an example snd
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Maximum Ratings at Ta= 2500
- Maximum Supply Voltage
f Lamp Driving Current

Allowable Power Dissipation P

Operating Temperature
Storage Temperature

VCCmax
I. max
max

Topg
Tatg

Operating Conditions at Ta=25°C

Recommended Supply Voltage

Operating Voltage Range

Operating Characteristies at Ta=25°C, VCC-1OV Vi 300mV f= 1kHz L+R= 90% pillot= 10%

Quiescent Current
Channel Separation

Vee

Ta$hsoc

Vcop
Recommended Input Signal Voltage Vi

Jcco
Sep

Total Harmonile Distortion THD

Lamp Lighting Level
Lamp Hysteresls '
Capture Range

Qutput Signal Level
Signal to Noise Ratilo.

Input Resistance (Pin 2)
SCA Rejection

Allowable Input Voltage
SNC Output Attenuation
SNC Output Voltage

HCC Cutput Attenuation

VL

hy

CR

VO

S/N

ri

SCA re ]
vy

Att SNC

Vg aub

Att pec(1)

ALY moc(2)

Ripple Rejection of Power Rr

Supply

Voo Stop Voltage '
Channel Balance
Pilot Cancel

Stereo Lamp Current

Saturation Voltage (Pin 10)

) u
16
30
520
=20 to +70
~40 to +125
u
10
6.5 to 13
200 to 300

No input

Monaural
Main . i
L+R 90% pilot= 10%

suﬂ ; |
Reg=20kohms
Reg=10kohms |

THD=1%,Rg=20kohms
THD=1% , Rg=10kohms
v820.6V,L-R= 90%,|
pilots= 10% ‘
V8=0.1V,L-R= 90%,
pilot= 10%
V7=0.6V,L+R=90%,
pilOt: 1 O%
V7=1V,L+R=90%,
pilot=10%

|

|

: |

Minimum stereo
cperating current
IL=1OmA

nit

mV

|

max | unit

28

0 !

35 |

=3 W

1

min typ
40 50
0.07
0.07
50 : 85
| L3
!150 215
68 Tk
70 0 78
©20
I 80
700 . 9GO0
, 450
78.5 TS.
-15.0 =6.0
-2.0
7.
Q.
18 2
1.0
1.0

28 | mAi

b
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est Circuit

xs

For pilot cancel adjuuf.
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LED
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Ceramic resonator ! I!
CSB456F 15 typ |

SWi:
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Semple Application Circuit 1
} Composite input

. ok

place in the A position.

o
Composite input o

1

LA343
, LT T T T .
E P ety
7.2%
+¥co " R’ii-‘m 0y - comm 0.8V
1004 sw k Do—0.1¥, .Pilot cancel
—o 0.047 100 1 test pin
2% TrH el
* é"”"‘l .I. i 3 A3k 3.3k
10u ikl ; i”" DT.MH
0.1 7 2.3n
}w

L
%uu

b Jn |

Band uidth-IOOkHz. gainwlOdB

For characteristios other than separation, ;
place in the A position,

For characteristics other than HCC, SNC, impedance-330kohms oF greater

. ‘ .l i. 71 i | { | |

CSBUSEF 15(Murata)
5 . ,CSBUSGF 11({Murata)

o []'_TL KBRUSTHS(Kyocera)

Separ;ntion ad just
wooi 4

I
Tk 0.047u

200 W
2 !\ L Om-. veo
[/ arator ‘—1
Vee -5 [ 1
O 3 FF FF FF Pilot
%"ﬂv l Eﬂl :%p wxed —1 oancoi n 0022w
=5 (Lave]
& g | | followlup) ;[;
I _l] *.g. WOk
demodulation 5 ——‘
‘Matri $ L [Pilot Driver
x [?N—cj detector Trsggar | T00p
5~ |6 7 ¢ 2l T | » fo pin 2

o
ROUT High- -out- Stereo

L OuT Stereo lamp
b ‘control hoise. Tu
I " 1T o fggg;'“ o

=9.3%
wnr

AN

o.oma] an¥ Iom
7

When the LA1260 is used for the FM IF IC,
0.1uF. {Extension in capture range)
(This also applies when an FM IF IC with a demodulation output
similar to that of the LA1260 is used.) .
| ! ; [ | | i
! | L : i | } | | | ’ i
! ! ' ; ’ ! | ‘ 1

+¥ee

R1 is 10kohms and C1 is




: LA3433 ;

Sample Application Circuit 2: Combination of LA2113 and LA3433

Sample Application Circuit 3' Combination of LA2113 and LA3H33

1
| : H

lgw

I 0
[ Lowe # 1o oo [ T8 fa
By LT L BYYT r

DS 1

Yoo I 'x: Ceramioc resonator
\ . L L o | B CSBUSEF 15(Murata)
i ' : | | i * | .CSBUS6F 1H{Murata)

‘ KBRYSTHS (Eyocera).

x When the LAiZGO is used for: the FMIIF IE, R1 is 10kohms and Cc{ is

0.1uF. I(Extension inicapture range} \
(This also applies when an FM IF IC with a demodulation output
similar to that of the La1260- 15 usad .)

AV S |

R AL e
0.04% 2 T
4N, L 3
e JF 820 20k if“” i
) Y Povsu :
Lc|z ¥ @ ;
|
2 5 E
}‘jlﬁ 3| olf |
5 i 3| T4 . |
g & 'sm'i oy x¢ Ceramic resonator
g phiot cancel toom,  CSBUSEF15(Murate)
> Vo ' CSB#S6F 11(Murata) .
i KBRIISTHS(Kyooera)

ce:

.
% :

' Noba1'

Gapacibor used to improve separatién eharacteristic. Set cz to|the
optimum value according to your set model. i " l
When the LA1260 is used for the FM IF IC R1 is 10kohms and C1 is
0.1 uF. (Extension in capture range) l | ;
(This also applies when an FM IF|IC with a demodulation output
similar to that of the LA1260[18 used.) | ‘

Do not AC-GND pin2 of the LA3433. Connect a series resistor of

Zkohma or greater.
; |
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1 ]
“Pd max - oW

P —

Allowable Power Dissipatio

Pg max - T E
0 d max - Ta ! t
520 ! l F
50 ‘Qq ! : i
soo] \ | | !
|
20 | o i
; ‘
200 ; ‘
0 ? ' I :
. | |
i B = | ! | |
. MAmbient Temperature,Ta - °C ‘ ‘
' Ceramio resonator | | |

CSBR56F11 Murata Piezoélectric Division
| oseu56F15 | TEL: 0762-4042381
| | . | ‘
f KBRHSTHS Kyocera | Electronic Division !
B L~~ : TEL: 075 59243851
| ;
Cautions uhen mploying sample application oirc 1ta

|
The'ceramic neeonator‘to be used with the LA3433 | must be &as eqecified.
l The follouing are\the Type Noa. of the specified ceramic ree&nators, their

suppliere, and eeetion to which inquiries should be| made.
I )

Adjust seperation bf 10kdhm potentiometer in low|pass| filter. .
Adjust Rg | for noise detection sensitivit under strong to medium radio
t‘ields. Set at! adequate value. ‘ |
Adjuet noise AGC by C! and RYlto enhance noise suppression: in medium to weak
radio fields. ‘{ N \ \

Adjust pilot oencellation by TOkohm ?oﬁentiometer connected to pin 15 of the
LA2113. ! ‘ | i l ’ i

Response speeds of . pilot canoellation to follow 1evels can| be varied by
ad justing capaoitanoe value of 1uF'! oapaoito connected across pins 11 and 12
of the LA3433. Distortion factors deteriorete with reduotion in value,

. Adjusting pilot cancellation

For example consider the sample application cirocuit 2. Assume the input

signal consists only of pilot signals. First connect an oscilloscope and a

valve voltmeter (Note 1) to pin 2 of LA2113. Set their ranges for'V:

200mV/dv. AC,H: 20usec/div. | | 1 i i
| |

: ‘ i

.When oscilloscope waveform is \f\f.\ or NV\ ‘

i ' — _ . |
}

|

| .

! . |

turn pilot cancel control to change it to the following.
! ! i i } /‘W

i . i )

I :
; i : : !
Then, adjust pilot cancel control
voltmeter (Note1l).

to minimize!indicatilne of valve

‘When the LA3433 alone is used (sample application circuit 1), ad just cancel

oontrol through a 19kHzIBJ’FJ to minihize carrier leakage leTel at output
pins (pins 5 and 6). X - i |

Note|1: Use a|valve voltmeter with a 20kHz LPF {ex. valve voltmeter %ith DIN

' TDIO filter). | ‘
L




LA3433 T

1.
|

2.

~eircuit, it can exhibit intrinsic separation eharactersities, typically SOdB.

H ! - | i
Pilot cancelling eirouit | ' | | o
Alevel- following type has been used t0noce setl it can easily aeeommodate
varying pilot modulation depths among stations. Cancelling signal is a
sawtooth wave obtained by integrating a square wave that is proportionate in
amplitude t6 pilot level with C and R. | | .

. .
S i
!

[\ . uun ' i
Pilot signai- /\/\ Sawtooth wave ' i,

19 k ' 13
U \/ 'l‘o pin 2

Square wave
L 19 k<90" i

|
5
I

r
1
1
1
i
I

sawtooth wave simulated by integrating oirouit

n
_. L-_-..

1
i \ Cancelling signal:

)
| | 1
i

Separation adjustments : : o ‘ ﬁ | -
The LA3Y433 has separation parameters that have been set to provide maximum
separation when used in conjunction with the LA2113, a noise-canceler IC, or
the equivalent. The LA3433 by itself exhibits separation only in a 25 to
30dB range. If a phase correction eircuit is provided in the LA3433 input

”””””” al
: M Ro | 20 2[ LA433 l % ;
i !
ST e L | | !
1 ] . : | |
Povsooe T A i , ‘ |
|

‘ . |
Phase correotion cireuit’ i l i ‘

SNC- (stereo’ noise oontrol) and, HCC (high—out control) ) i {
The LA3433 has SNC and HCC terminals\for improved S/N ratios when operating
in weak radio fields. By ad Justing the SNC terminal, noises unique to stereo
FM in weak fields can be reduced. iThe HCC erminals permitslfur her
improvement of effeotive S/N ratios by lowering treble‘levels oﬂ FM noises in

weak fields.(See Fig 2.0 L

STEREOC deteriorates approximately 21 dB (compared to MONO) in weak radio
fields (Fig.2). Generally, when S/N ratio deteriorate below 30 [to 40dB,
noises become quite noticeable. 'Section {1) shows ways to set SNC and; HCC
when radio field strengths are divided into 3 régions A, B, and C (Fig.2}.
SNC is expected to function in region A, and HCC in region B.! In region c,

shallow muting is effected in the IF stage. [ } ! i 1

{1) SNC (stereo noise control): . t } | * ! i
Stereo S/N ratios deteriorate 2L7dB behow monaural but can belimproved
by varying stereo separation. S/N ihpro ement becomes apparent, ' however,
only when the separation is 20dB or worse, |In that case,|the rela tion
between separation and S/N' improvenent is shown 1n Fig.5. |
SNC in the LA3N33 improves S/N ratios in wdak r dio fields hy varying
separation. It varies subsignal demodulation level and eontrols separa—
tion. By using the IF stage signal meter level output as the source of
the control signal, 8/N ratios in region A of Figiz can be maintained at
about 40dB or better. Ideal S/N enhancemehts should prdvide gradual
switching over from stereo to monaural to maintain constant S/N ratios,
starting from a point in region A for 4ddB stereo S/N toward a point| for
40dB monaural S/N. Methods to set!the control level will|be descr:}ibed

later.

‘ ! Continued‘on next page.
S |
‘ 51\ |
; .

BN




LA3433

Continued from preceding page.

(2)

Fig 3 ehowe separation eharaoteristice (SNC obaracteristios) for voltages
applied to pin 8 (SNC terminal) of the LA3433. Pin 8 is also the base of
a PNP transistor, so stereo mode 1s set when pin 8 is open and
monaural mode is set when it is grounded' SNC terminal oontrol is effec-
tive only when locked with pilot eignala and when stereo indicator is
1it. External circuit parameters can be chosen in large valuee that do !
not affect the IF stage meter output circuit because SNC control ourrentsf
are: small. .Thia makes designing easy. |(SeelFig 5) _ g

| | '
Designing external eircuits for SNC characteristioe (eharacteriatio

' b | I ‘ setting by drawing)

We recommend the following as a way to designate SNC characteristics to
have smooth transition of separation frjm atereo monaural in region A of!
Fig.2, ; ‘ i

. ‘ ‘ |
Separation va. S/N enhaneement relation L....ﬂ.. Refer|to Fig 5]

SNC terminal voltages va. | j | wsessens Referito Fig. 3
separation characteristics | | i | | |

Antenna’ inputs vs. S/N improvement characteristics can be obtained from

the drawing if the grhph for IF stage eiﬁnal meter output vs. antenna

Ainput and tbe graph for stereo é/N ratio vd antenna input are known.

From desired S/N characteristics, SNC terminal voltage characteristics

can also be obtained. Sample drawings are shown in Fig.l4, where for

simplicity's sake, SNC, IF meter, and stereo S/N characteristics have
been approximated with atraight lines. _

For instance: . r 1 } J l | - | ‘ ‘ ‘
To obtain etereo 3/N improvement chardcteristios from SNé characteris—|
ties,' when (a) in the second quadrant of the chart represents | bare SNC‘
charaeteristiee, point 1 projeoted to|the third quadrant‘shoua a 20dB .
separation and a 1dB S/N improvement. 4Hheanrojeoted from the first to:
the fourth quadrant; a point improved by 1dB in S/N over the atereois/N
line in the fourth guadrant oorreeponda toipoint 1. Similarly, point 2
on the SNC characteristics in the{seoond quadrant correaponde to point
2 in the fourth quadrant. Foint 3 in the second quadrant oorreeponde
to point 3 in the fourth quadrant. | Stereo S/N improvement characteria—
tics for each point are obtainable. i i .
Similarly, (b): characteristics in|the eecond quadrant are projected to
form (b) oharacteriatioa in the[fourtthuadrant, and {¢) in the eeeond
quadrant to form (¢) in the fourth quadrant, thus providing a way to
diagram improvement characteristios i ‘ 1

In the resulting drawings ideal 8/N improvement characteristicsjare

similar to (b) in the fourth quadrant‘ but corresponding |SNC

characteristics have to be (b) characteristice in the second quadrant

" which are difficult’ to realize.| Among realistic eharacteristics,

(3)

something like {(c¢) appears to be|satisfactory. The (c) [SNC

'characterietiee are obtained with a' shift by two diodes together with a

1/2 bleeder. i : \ { | !

HCC (high-cut control) ;
In region B where S/N deteriorates to HOdB or worse even for monaural,‘
the S/N as sensed by the human ear ¢an be enhanced by euppressing levels |
at frequencies above approximately TkHz. ITrebde region levels that‘

o 'Continued:on next page.
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Continued from preceding page.

|
|
«
|

W

. {6)

follow . 'meter voltagea can be emoothly attenuateé (high—out control) by
impressing IF stage’ eignel meter outpht td the! HCC pin (pinf) of| the
LA3433.) Fig.7 shows MPX, output frequdncy charaoteristioe (monaural)
provided by voltage impreesed on: pin T. Frequeney eharacterietics for a
100% high cut can be designated by an external capacitor connected to pin
4, An equivalent circuit is shown below\where the designation is made by
the 5kohms and C time constant, Approximate values provided by C as
expressed in attenuation at 10kHz are listed in table below! right.

sx . CLH#F]  Attenuation at 10kHz (dB)
- jvevd B
. 0.033 -21
0.047 -25
J: 0.068 ~28

\ I A
Fig. 8 ehows the reletion between loltages impressed on pin 7 and rates
($) of high out (HCC). When IF, meter output voltage characteristics| and
region | B, S/N characterietich of Fig. haVe been optained S/R
improvement by  HCC can be drawd in 'a way similar toidrawing SNC
characteristios.l ; l { ‘
Fig.2 shows typical meter outputs of a uadratureldetection IF amplifier
IC. (Fig. 1 shows: data for LA11H3, Lh1230 and LA1231N) HCC
characteristics have been designated to permit region B improvemente hen
the IC is directly connected to HCC (pin 7) terminal of the LA3433. The
infiniteeimal control currents at pin T, similar to pin 8,1do not affect
meter outputs. .

I
SNC and HCC oopneotion circuits when coupled with the IF stage ‘ i

Fig. 1 shows sample S/N characteristics vs. antennh inputs when SNC a

}

HCC are connected with the IF stage by aT ext?rnal eirouit. :
i
'Example 1 Example 2
T; LANIAS ety ith 13
F.E. LA123IIF LA LA 34
. e 7 F.E. IF — wPx i
‘Meter 0K tl
output : - HCC SNC !
|
I

j; - Heter output
Tu

S/N improvements 'in region C of Figil | | i ' |

‘Because S/N ratios deteriorate evenifurther in the region Ciof Fig. 1, it

is better to improve the S/N in this region with IF mutinge The LA1143
is available to linearly vary the IF muting] Employment of the LA3433
together with the LA1143 further enhanoes S/N: improvement. @

Using the HCC terminal for muting
Mutings in the neighborhood of 37dB are feasible by utilizing HCC
functions as muting functions when used in home stereos and no need
exists to suppress treble noises.. Fade~in and fade-out of mutings,
permitting delightful, shock-noise-free muting, are possible by providing
a time constant to the pin 7 control.

- | ‘

I LA3433 I _ 1‘ |
F o Mute switch r

| .

o™o—0 IV EYBCSY

50~y J; o | l l
I i !
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(7) vCoO damping

- VCO, oscillations can be damped by applying a voltage not less than TV

|

1

-

~ the HCC terminal (pin 7) to induce a monaural mode.
" 8NC and HCC are in an off mode,
i applied to pin 7.

l
(8) Forced monaural

By disoohnecting LED lamp at pin 10 from;vcc
‘ monaural function can be attained. :
cancel ahd HCC function are held.) |

Sample weak radio field S/N_ 1mprovaments . .! 7_1
by the system (Fig. 1.

Af=22.5kHz
0 >
—]
-10 ,’ﬁ\
\\\\
\‘\ \
-20 \
\
{'% :
i
=30} ';\9
\ / A
% 1 ql’.. ]
P —40}S/N improve- |} éé‘k P
= |ments by Fs s
N HCC and SNC o5
]
50
: &
w M i
I 60 f Y
3
2
3 70
% L - E—
Antenna Input - dBu
SNC Characteristic (Fig 3a)
we, 10 ~— -
' Suvb-mglalotwel
2 (Hn
-
.
|
8w yd
] Y
3 /
g 7
A w /
g »
1
5 O 0i8f oF LW I & W

Pin 8 Voltase. Vg - ¥

i
|
i

N

i
|

to

At this time, both
Fig. 9 shows flow-in current by voltages

|
f

E

lamp,| reception mode forced
. (Stereo lamp |1s turned OFF. Pilot

SHC and HCC Operating Hegions (Fig.2)

Pin 8 Voltage,va - y

i
|

10
Ar=22.5kHz
0 ./,
Y
\\\
=10
\
i \ LY
b \ \ .
L \ X .
: X g
. = 2 é\ Y s
- 2 -
E] %\ Y%m /r -4
£ FAVEIA 5
8 3 i oy / 2
4 '3 | 40 Z ~ 4 8
SIS =1\ // &
2 E ™ 'y .%
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3 e 4t 3
o——— . 2]
2 ;_ - Signal meter a [ t
& Joutput .-,
- voltage "
g o 1
! bt 0 AF¥ muting: HCC region;
5 reglon
o O\ ) SNC@
- qgonﬁ
’ A i ] 0 =
Antenna Input - dBu.
SNC Characteristic (Fig 3b)
e Sepdration! ]
] Yoo=I10V X
g |
) o
]
§o 4
CIE
ol
£
20
a
& 10 //
0 82 &oa O L X IR 1. L & ¥ i
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I

Chart to Obtain Stereo S/N7Cha;_raoteri$tiéa'r'roni5ﬁc Characteristios (Fig.})

1. i3 1
Second quadrant 26 | First quadrant .
~ ‘
~ {0} THE y/
"?'r‘
1 b X .25 l'?'?
\ ~ i ~
Gh;\\ e % rﬁ‘
SNC choracteristics W INITY | (5
_\ 5 &
16 2 (o
- 1.4 g / ;’(‘
e, 1.2 ﬁ 4&"5‘
Tisdm \J = &
[ 7Py Nall o 7 &
Shes N (o AR
L .
a:-eo"\te\ $ o8 /
Dl A
B;IQ\\‘, ]
o B g LK) /
02
Separation, Sap — dB / -Antenfia Input — dBU
o |« 30 x 0 0 - 0 2 % 0 0
1.0
m | N ot
Third quedrant 3 N Fdurth quadrint
= 2
0 -1
NEE
'-Efi
2
E T
\ §: 20 A2 \ | L
- - A\ 'a:i {a) N Stereo S/N improvement,
Separation vs.5/N characteristics _ \ E \Ehlﬂlﬂﬁaflﬂiﬂ i
2
-~ +3 ’
Ve.h N
A
2L, o
7 (;TL‘&-. J
&0
3 r’m\\
)
s /e \
: X
7
0o 10
Sep - S/N Improvement (Fig.5) _ goa,SNC," HCC Control Pin Current (F!l.g‘.ﬁ)
30 ;
2 07
3 - ~, g °
r . 5 08
& (51
g g0 -
g R N
CRL ~ 04
L)
+.0
g. b ] § &
\ 02 a
§ = ga ‘
\ 2 \
0 ﬁ ° 5 >

1. L) . . . g
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] .
Bigh—Cut Cont.rol Characteristica (Fig. 7)

|

400 600
Input Voltage,Vi - mV-

i - ‘ | i
HCC Characteristic (Fig 8)

Supply Voltage, Yée - v

|

|

l

120, T
Vog= 0V
De-emphasis '-’?’b_.cq 00
[y w2
|1 T ISR ,
X High-cut parameter™ = L ®
B o C3=0.01 iF : §
< & 60
g - )
a7 8 \
: ;-
[k 1] g 0 \
-I-’ L} h
= \
Bar-eu 0% 0 % S T XA L 1\# TTTE
Frequenoy,f - kHz Pin 7 Voltnge,v; - ¥
V€O Stop Function Control Terminal Current
. Charaoteristics {(Fig.9) w, 0 THD - f (F1g 10)
' TVpe=10v ' Voo = 10V
E q 5 vy =300mV
1 H o2
1.2 g 2
E g
t: 1.0
g 8 s }
; 0.8 }glf gl_ /ﬂ
1 J e N
~ f main
0.4 : . Bub »
[ _u 3»——— -r g
: 3 oo 07
.01
_04 9 Io 11 12 (310 - 57 L J 3 1k, r 10K 4
Voltage Applied toPin 7 - ¥ Frequanay,f - Hz
‘il
' , THD - Yy (F1g 11) '0 Sep - f (Fig 12}
] VCG-—HJV ,VCC=|OV
a 1 = |kHz_ ¥y =300mY
g—- 0 Referred s mono & 100
S
3 v
g 3 o %
aj ' Z 4
A RS g &0 ~ 1, R
Q 0l ‘\)"“/;’ 3 ,/;/J R——Yh-—-“:::-l“::"‘\
| : ) / 5 40
oS s g
3 3 o= | ./ 3
gr ' 2 \ ) 2 0
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HOPTTIm w0 e &0 W00 Hw 053 2 IS T AVENS B B I RTOUNE
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