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1. SCOPE 

1.1 This doc:ument establlshea
0 

the system reqw.re111en.ts fo:r the Apollo GSE 
. Gyro Cagng Fuel.. 

2 APPLICABIE DOCT3MElfl'S 

RD 1002213 

2900200 

REQU~ 

QeJleral Specif'ica.tion for Apollo G:rollJld Support. Equipmeat 

Diagram, Mechanizatiol\ Gyro Ca.g~Iaael (Block II alld LEM) 

Geaeral - The :f'wletion ot the Gyro- C&ging ·lanel ill the Qptiea.J. Inertial 
Allalyze·r (OIA) is to pe:r;-:f'orm. a plus or millus .gyro selection. 1i1 order 
to torque the gyro in the proper direction 'When gyrc, torque pulses are 
reeei~-:trom the OSE Computer Simulator. The Gyro Caging laael must 
also perform a caging :f'unction when operated in the __ Inertial Subsystem 
coB:t'iguration.. If a gyro error sigu.1 · received .from the Airborne 
Iaertial Mltasuremeat Unit (nm) exceeds 100 arc secoJlds (asaUlliJlg 
1000 V/Rad.1.aas) the Gyro Caging Pa.el perf'orma a plus or .mb.ua gyro 
sel;.eotioa by determining it' the error signal is O or1l phase with 
respect to the 3200 pps .reference signal. Ai'ter this selection the 
gyro is torqued until the error sipal is decreased to less than. 100 
are aeco•ds. .'!'his cagillg :rwu::ti()Jl will •b.taa the gyro float poaiti~ 
accuracy o~ 100 arc seco-.da or less. · 

cmCUITS 

'!'he circuits required in the Gyro Caging laael to perform al.l aeceasary 
twaotiou are as follows : · 

•• r.terrogator Circuit 
b. A Preferred State ·Flip-Flop Circuit 
o.. Selector Driver Circuit _ 
d. Phase A,B am C .Flip-Flop Circuit 
e. Torque Emble circuit 
t. Torque ON-OFF Circu.it 

THII INll'OIIMATION II ll'OR ll'IIODUCT ENOIN-IEIIINO UH 
ON All'll'LICA.LE DRA,INOS AND/Oii lll'EClll'ICATIONl1 11'0~ UIE •v DHION su•cONTIIACTOIII, CONTENTS SHOULD •• MLIAHO •v XCII (MIL I IOI), 

7 " XDE 34-T-38 



MIL 101. REY 963 -- . 
.AC .:5.f -~~~ ·:t:t,~UG .DlVl$10M 

· /. q.-~~! ,tA~tc;,ri. ~91'Ptm1tlon 
._. Mtlwcapkee, f(lsc;onsln 

-
XDE 34-T-3t3 Revision B 

APOLLO GSE 9YRO CAGING PANEL BL09K II AND 
LEM SI;~ DESIGN CRITERIA By 

EMGIMEERIMG~ 
DESIGN IMFORMA TIOM 

EXHIBIT 

W. Nowak I Dat• 

3.2.1 

Sept. 2, 1965 

INTERROOATOR CIRCUIT 

This circuit shall receive a sinusoidal 3200 CPS Gyro Error signal which 
i s either O or 11 phase. In addition a 3200 pps PIPA 3witch pulse which 
l ags the error signal by 135° is an input to the Interrogator circuit. 
These signals are processed in a phase splitter and the ou1/put is a (+T ) 
or (Jrtplus or minus Torque. The circuit shall have a (+T"'-) output for 17 
phase error signal and a ( -T) output for a O phase error signal . 

PREFERRED STATE FLIP-FLOP CIRCUIT 

The preferred state flip-flop shall operate in a normal set or reset 
mode with the addition of preferring the set mode of operation . This 
means that should a set and reset pulse occur simultaneously the flip-
flop will prefer the set state of operation. . 

SELECTOR DRIVER CIRCUIT 

This circuit contains logic which will determine a plus or minus gyro torquin4 
coi~ selection. This signal will occur for only 80 milliseconds duration 
and be off for 160 milliseconds, and only one selection can be made at 
one time. This circuit also controls torque "OB" and "OFF" commands 
that are timed with the plus and minus selection signals ·which allow 
only one gyro to be torqued at a time. 

PHASE A, B AND C FLIP-FLOP CIRCUIT 

This circuit controls the sequence of operation of the caging function . 
Three flip-flop circuits are operated with X, Y or Z gyro select phase 
AB or C respectively. Logic incorporated into this circuit will set 
one flip-flop and reset another flip-flop simultaneously . This means 
that each flip-flop will be set for 80 milliseconds and reset for 
160 milliseconds sequentially. This phase failure logic insures that only 
one gyro can be caged during any one 80 millisecond period in the 
event of a circuit failure. 

TORQUE ENABLE CIRCUIT 

The Torque Enable Circuit will contain a 2 millisecond time delay which 
will delay the Torque On pulse to insure that gyro plus or minus torquing 

selection has been made before a torque on condition occurs. This circuit 
also contains logic which will provide an output only if the phase 
sequence is proper; if the sequenc, is not· correct an output will provide 
a torque off command. 

THII INP'OIUIATION II P'OR PRODUCT INOINIIIUNO UH ONLYI P'OR USE HI U1.n1.1N, THI CONTENTS. SHOULD ■I RILIAu:D 
ON Al'PLICA■ LI DRAWfNOI AND/OR IPICIP'ICATIONI; P'OR UH ■Y DIIION IU■CONTRACTORI, ~ONTINTI SHOULD ■ I IIILIAIIQ 
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3.2.6 TORQUE ON AND TORQUE OFF CIRCUIT 

Torque On and Torque Off circuit will provide the Torque On and Torque 

Off commands through isolation transformers to the Airborne IMU. 

This circuit also contains a buffered output to the Forwrua_Backward 

Counter in the OIA. The counter will count the Torque On pulses. 

3.3 PERFORMANCE REQUIREMENTS 

The circuits of paragraph 3.2 shall provide torquing and caging functions 

for controlling the gyros of the IMU i .n the ISS Configuration. This 
shall be accomplished by the folloy.ing input and output signals 

3.3.1 INPUT SIGNALS 

The input signals shall be received from the following components: 

Airborne IMU, GSE Computer Simulator, Test Control Panel, Electronic 

Power Supply and the Monitor Panel. The GSE components are located 

in the OIA. The input signals shall have the following characteristics. 

3. 3 .1.1 X;: Y;: Z GYRO ERROR SIGNAL · 

The Gyro Error Signal originating in the gyro is received by the Gyro 

Caging Panel (GCP) from a buffer amplifier in the GSE Distribution 

Box . The signal is sinus·oidal 3200 CPS, .0 or1i phase and amplitude 
from Oto 10 volts. The buffer ampli£ier shall have an output impedance 
of less than 75 ohms. 

3.3.1.2 X, Y, Z GYRO CAGE COMMAND 

This signal from the Test Control Panel is the 27 volt DC High of Relay 
Lamp Power and is used to command Caging function. 

3 .3 .1.3 PLUS AND MINUS X, Y AND Z IRIG SET SIGNALS 

These signals are •re·ceived £rom the Computer Simulator to torque the 
I 

gyros at a specific rate. The signal is 3200 PPS and -wh€n terminated 

into a 200 ± 10% ohm load shall have an amplitude of 5.0± .5 V p-p, 

pulse width (50%) of 3.0± .5 ,,,...._ seconds, rise time (40-90%) of 0.2,,...,..., 
seconds and droop of o.6 volts maximum. 

3.3.1 .4 X IRIG SELECT (PHASE A) : SIGNAL 

This signal is received from the Computer Simulator and is a resultant 

of the following signals (1) Phase A 3200 pps signal 80 milliseconds 

wide, (2) 12.5 pps signal. 10 microseconds wide and (3) Strobe 0-102.4 K 

pps signal that is three microseconds wide. · The resultant is a signal 
pulse three microseconds wide in phase with 3200 pps Phase A, the 

frequency rate is 102.4 K pps for -8D milliseconds duration. 

3 
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The Y IRIG Select and Z IRIG Select will meet the same requirements as X 
IRIG Select, however they shall be in phase with 3200 pps Phase Band 
Phase C respectively. These signals are timed to be on 80 milliseconds 
and off 160 milliseconds sequentially with Phase A, Band C. 

3.3.1.5 PIPA SWITCHING SIGNAL 

This signal is rece-ived Trom the Computer Simulator and is a 3200 pps 
and is strobed by- strobe I, it is a 3 microse·cond pulse width that 
lags the Gyro ·Error Signal by 135 degrees. This signal is processed 
in the interrogator with the gyro error signal to determine a plus 
torque or .minus -torque by position of the interrogate pulse at either 
the peak or the trough of the error signal. This position will deter
mine either a O or a 'ff' phase error. 

3.3.1.6 PHASE A, B, C RESET COMMAND SIGNAL 

This signal of +30 VIC originates in the Electronic Power Supply and 
is received from the Test Control Panel. The signal will reset the 
A, B, C Flip-Flops ana stop torquing and caging functions. 

3.3.1.7 GYRO TORQUE DISG-RE'l'E 

This is a 102. 4 KPPS generated in the Computer Simulator. It is strobed 
with strobe II and will have the following characteristics when terminated 
into a 200 + lc:/fo obm load, Amplitude of 6 + o.6 V p-p, rise time (10-
9CYfo) 0,2 microseconds and pulse width of 370 ! 0,5 microseconds. 

5. 3.1.8 BLOCK II-IEM·STATUS 

This signal is a 27 VIC Relay Lamp Power High which originates in the 
Test Control Panel and is routed to the Gyro Caging Panel when the OIA 
is in the Block II or LEM Configuration. 

3.3.1,9 ENABLE GYRO TORQUING 

This is a 27 VIC Relay Lamp Power Lo (ground) which is closed by a 
switch on the Test Control Panel. Without this ground the Gyro Caging 
Panel will not operate. 

3.3.1.10 -30 VIC 

The power used for the A, Band C Flip-Flops is supplied by the 
Negative Power Supply (NPS) located in the OIA. 

3.3.1.11 + 30 VIC 

The power used for the X, Y and Z Select and Torque On driver circuits 
is supplied by the Positive Power Supply (PPS) located in the OIA, Both 
3.3.1.10 and .11 shall be properly fused to protect the energized circuitry. 

3.3.1.12 The Gyro Caging Panel shall contain two ground points for termination 
of shielded lead grounds and common chassis ground. 

This information is for product engineering use only; for use in production, the contents should be released on applicable 
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3. 3 .1 .13 CONTINUOUS TORQUE COMMAND 

3.3.2 

This signal is a 27VOC High sent from the Test Control Panel which 
will provide the Gyro Caging Panel the capability to continuously 
torque a gyro which has been selected by the Computer Simulator. This 
capability is required to conduct the Friction Test . 

OUTPUTS 

The Gyro Caging Panel shall have outputs to the Airborne IMU, the GSE 
Test Control Panel, Monitor Panel and the Forward Backward Counter 
located in the OIA. The Output signals shall have the following 
characteristics. 

3. 3. 2 .1 PLUS AND MI.NUS X, Y AND Z SEIECT SIGNALS 

The signal pulses are 102 . r KPPS with a duration of 80 milliseconds, 
pulse width 3.5 + 1 microsecond, rise time of less than 1 microsecond, 
amplitude of 5 to 10 volts. The output impedance of t he signal shall 
be less than 100 ohms transformer coupled and the load is 100k shunted 
with 1500pf capacitor. These signals are used to select both the 
gyro and the dir~ction to torque. 

3.3.2.2 TORQUE ON AND TORQUE OFF COMMAND SIGNALS 

These torque signals shall have; the following characteristics . They 
are 3200 per second pulses with amplitude of 5 to 10 volts, pulse width 
of 3.5 + 1 microsecond, rise time of less than 1 microsecond and a load 
of 2.2 K ohms shunted with a 1500 pf capacitor . The output impedance of 
the signal is less than 100 ohms transformer coupled . These signals 
shall be positive going pulses. 

3 . 3.2 . 3 PHASE A, B, C RESET ENABLE 

This signal is +30 volts DC originating in the OIA Electronic Power 
Supply and is routed out of the Gyro Caging Panel to the Test Control 
Panel. 

3.3.2 . 4 GYRO CAGING PANEL FUNCTIONS NORMAL 

This ground completes a circuit of the Torque Enable 
turn on of power to operate the Gyro Caging Panel . 
Relay ww circuit will connect the Relay Lamp Power 
inputs Gyro Select Phase A, Band C timing from the 
is operating properly. This is a fail safe feature 
malfunction has occurred prior to turning the power 
Caging Panel. 

Relay which will 
The Torque Enable 

ww only...hen the 
Computer Simulator 
to assure that no 
on to the Gyro 
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3.3 . 2.5 RELAY LAMP POWER I.OW 

This ground func~ions as a part of the interlock scheme described in 
paragraph 3.3.2.4. 

3.3.2.6 X, Y, Z GYRO CAGE INDICATION 

I 

This , is the connection of the Relay Lamp Power ww when a gyro error 
signal and a cage cormnand signal is pr~sent . This ground is used to 
complete an indicator light circuit in the Test Control Panel . 

3.3.2.7 TORQUE SET SIGNAL PULSE 

This signal is buffered Torque On signal and will occur for every Torque 
On output pulse. The Torque On pulses can be counted on the Forward 
Backward Counter . The repetition rate is 3200 pps, with minimum ampli 
tude of 1.0 volt, and pulse width of 3. 5 + 1 microsecond. The input im
pedance of the Forward Backward Counter is 1 megohm shunted with approxi
mately 75 pf. The spurious input spikes shall be less than 100 mv nns . 
The output impedance of the Buffer Amplifier is less than 2 .2 K ohms . 

3.3.2.8 BLOCK I SERIES 100 INDICATION 

This signal is a Relay Lamp Power ww that is switched to the Monitor 

6 

B 

Panel to operate in a status interlock scheme used to verify that the proper 
relays are energized for the Block I Series 100 configuration . 

3 . 3 .2.9 NOT BLOCK I SERIES 100 INDICATION 

This signal is a Relay Lamp Power ww that is switched to the Monitor 
Panel to operate in a status interlock scheme to verify t hat the proper 
relays are energized for the Block II- LEM configuration . 

3.3.2.10 PLUS AND MINUS X, Y AND Z IRIG SET 

These output signals shall have ide.ntical characteristics as the Plus 
or Minus X, Y and Z IRIG Set Signals that are received from the Computer 
Simulator (paragraph 3 . 3.1.3 ) with the exception of the phas ing. The 
input to the Gyro Caging Panel are positive going pulses, whereas the out
puts of the Gyro Caging Panel are negative going pulses . The inputs to 
the Gyro Caging Panel shall be switched when the OIA is in the Block I 
Series 100 to be used for operation of the Caging Electron i cs in the 
Primary Signal Select . 

3. 3.2.11 CONTI NUOUS TORQUE INDICATION 

This signal is a 27VOC RLP ww which shall be sent to the Test Control 
Panel to complete a circuit to light the Continuous Torque Indi cator . 

Th is information is for product engineering use only; for use in production, the contents should be released on applicable 

drawings and/ or spec if ication s; for use by des ign subcontractors , contents should be released by XCR (MIL 1101). 
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3.4 

3.4.1 

3.4.2 

3.4.3 

3.4.4 

DETAIL REQUIREMENTS 

TIME DELAY (2 MILLISECOND) 

The two milli second delay is used to delay the Torque On signal to insure 
that the IRIG selection has started before the torquing has begun. It 
also insures that Torque ON and Torque .OFF do not occur simultaneously. 
The delay shall have a tolerance of .:!:. lC/fo. 

TIME DELAY-TURN OFF (468 MICROSECONDS) 

This delay is located in each of the plus and minus selection outputs 
to delay the selection turn off time, this selection time will be at 
least 80.3 milliseconds. This adjusts the timing to assure that the reset 
pulse will occur one clock pulse (312microseconds) before the end of se
lection. The aelay shall be 468 microseconds.:!:. 156 microseconds. 

BUFFER AMPLIFIER 

This amplifier shall buffer the Torque On signals to the Forward
Backward Counter. The characteristics of t he signal, load and im
pedances are the same as specified in paragraph 3."3.2.6. 

TIME DELAY TURN ON (1.0 MILLISECONDS) 

A 1.0 millisecond time delay shall be located in each+ X, Y Z Gyro 
Select circuit. It is used to delay the turn on of the: gyro selection 
in order to eliminate the possibility of selecting two gyros simul
taneously. The delay shall have a tolerance of 1 millisecond.:!:. lC/fo. 

SCALE FACTOR TEST 

The GCP shall provide the capability to perform an IRIG Scale Factor 
Test. This test requires that two gyros are caged and the third gyro 
shall be torqued by signals from the Computer Simulator. The Torque 
Set output signals to the Counter in the Primary Signal Selector shall 
only be the torque set signals from the Computer Simulator and not the 
Gyro Caging Torque _Set Signals. The ability to count these pulses shall 
be used to determine the Scale Factor of the gyro. 

B 
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Cross Reference 
Number 

l 

l6l3 

l570 

l569 

l2l 

l22 

ll9 

120 

l574 

1575 

1576 

1572 

1571 

l29 

130 

1 

1573 

GYRO CAGING PANEL INTERFACE 

Connector/ 
Pin 

. Jl-A 

Jl-P 

Jl-R 

Jl-S 

Jl-U 

Jl-T 

Jl..'.V 

Jl-W 

Jl-Y 

Jl-X 

Jl-M* 

Jl-P* 

Jl-R* 

Jl-U* 

Jl-T* 

Jl-CC 

Jl-DD 

Nomenclature 

Chassis Ground 

Block II/LEM Status 

Y IRIG Cage Command 

Y IBIG Cage Indication 

Y Gyro Error High 

Y Gyro Error Low 

X IRIG Cage Command 

X IRIG Cage Indication 

X Gyro Error High 

X Gyro Error Low 

GCP Functions Normal 

Phase ABC Reset Enable 

Phase ABC Reset Command 

Z IRIG Cage Command 

Z IRIG Cage Indication 

Z Gyro Error High 

Z Gyro Error Low 

27 VDC RIP Low 

Enable Gyro Tor quing 

Signal Description 

27VDC RLP High 

27VDC RLP High 

27VDC RLP Low 

{ 

0

Sinusoidal 3200 (o or 

l -10 v(amplitude) 

27 VDC RLP High 

RLP Low 

J Sinusoidal 3200 CPS 

phase) 

l O or ff phase O - 10 V(amplitude) 

· RLP Low 

+ 30 VDC 

+ 30 VDC 

27 VDC RLP High 

RLP Low 

.( 3200 CPS O or 1l phase 

l.Arnplitude O - lOV 

27 VDC RLP Low 
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Cross Reference 
Number 

273 

274 

2 

1644 

1645 

1732 

1733 

1611 
1612 

1601 TL 
1602 TL 

1626 TL 
1627 TL 

1603 TL 
1604 TL 

865 
864 

860 
861 

1591 
1592 

866 
867 

1625 
1624 

Connector/ 
Pin 

Jl-EE 

Jl-GG 

Jl-FF 

Jl-MM 

Jl-NN 

Jl-HR 

Jl-PP 

J2-l I 
0 

J2-3 I 
0 

J2-4 I 
0 

J2-9 I 
0 

J2-ll I 
0 

J2-12 I 
0 

J2-14 I 
0 

J2-10 I 
0 

J2-21 0 
I 

Nomenclature 

- 30 V:OC High 

+ 30 V:OC High 

+ 30 VDC Low 

Block I, Series 100 Indication 

Not Block I Series 100 Indic. 

Continuous Gyro Torque Cmd. 

Continuous Gyro Torque Ind. 

PIPA SWitching High 
PIPA Switching Ret 

Torque ON C9nnna.nd High 
Torque ON Command Low 

Torque Set High 
Torque Set Low 

Torque OFF Coil'.ll1l.and High 
Torque OFF Cormnand Low 

-Y IRIG Set High 
-Y IRIG Set Low 

-X IRIG Set High 
-X IRIG Set Low 

-X Gyro Select Hi 
-X Gyro Select Low 

-z IRIG Set High 
- Z IRIG Set Ret 

- Z IRIG Set High 
-z IRIG Set Ret 

Signal Description 

27V:OC RLP IDw 

27 VDC RLP I.ow 

27 V:OC RLP High 

27 VDC RLP I.ow 

3200 pps 3 u sec pulse
0
width 

Lags Error Sig. by 135 

3200pps ampl. 56 lOV, pos. going 
P/W 3.5 usec Buffered 

3200 min amp. 1.ov 
P/W 3.5 usec Buffered 

3200 pps amp 56 lOV 
P/W 3.5 .:t, lusec positive going 

3200 pps amp 5.0 + .5v 
P/W 3usec .:t. .5 -

3200 pps A.M. 5.0 + .5v 
P/W- 3usec .:t, .5 -

102.4 KPPS 80mi~ sec. duration 
3usec pulse width 

Same as -X IRIG Set 

Sarne as -X IRIG Set 
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CROSS 
REFERENCE 

1617 
1616 

1615 
1614 

863 
862 

$57 
856 

858 
859 

1593 TL 
1594 TL 

1589 TL 
1590 TL 

1595 TL 
1596 TL 

1623 
1622 

1621 W 
1620 W 

1617 W 
1618 W 

1605 
16o6 

1607 
1608 

CONNECTOR/ 
PIN 

J2-22 0 
I 

J2-23 0 
I 

J2-24 I 
0 

J2-25 I 
0 

J2-26 I 
0 

J2-28 I 
0 

J2-29 I 
0 

J2-30 I 
0 

J2-38 o 
I 

J2-39 0 
I 

J2-4o o 
I 

J2-41 I 
0 

J2-42 I 
0 

NOMENCLATURE 

-X IRIG Set High 
-X IRIG Set Ret 

+X IRIG Set High 
-t- X IRIG Set Ret 

+Z IRIG Set High 
+Z IRIG Set Ret 

+Y IRIG Set High 
+ Y IRIG Set Ret 

+X IRIG Set High 
+X IRIG Set Ret 

+Y Gyro Select High 
+Y Gyro Select L::>w 

+X Gyro Select High 
+X Gyro Select ww 
-Y Gyro Select High 
-Y Gyro Select L::>w 

+Z IRIG Set High 
+Z IRIG Set High 

-Y IRIG Set High 
- Y IRIG Set Ret 

+ Y IRIG Set HI 
+ Y IRIG Set Ret 

X IRIG Select (Phase A) HI 
X IRIG Select (Phase A) Ret 

Y !RIG Select (Phase B) HI 
Y IRIG Select (Phase B) Ret 

DESCRIPTION 

3200 pps F/W 3. ·o + 5usec 
.Amp 5.0 ! .5v neg-going 

Same as above 

Same as above but positive 
but positive going pulses 

Same as above 

Same as above 

102.4 KPPS amp 5 to lOV 
P/W - 3.5 ! 1 usec 

Same as above 

Same as above 

3200 pps P/W 3.0 ,! .5usec 
Amp. 5 ,! .5v neg. going. 

Same as above 
Neg. going. 

Same as above 
Neg. going. 

,3usec pulse width, in phase 
3200, Freq. Rate 102.4 KPPS 

Same as above 

a, 
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0 
u ·-- -Q. -
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GI 

CONNECTOR/ ..a CROSS a 
u ll'.\ UJ r-1 

PIN NOMENCLATURE DESCRIPI'ION ·-r-1 REFERENCE - .....:. > C) 
0. .... UJ < 
0. 0 a: Q. a .... 

1609 J2-43 I Z IRIG Select (Phase C )HI Same as preceding page. C .... 
1/) 

0 ..J UJ 1610 0 Z IRIG Select (Phase C)ww C) .,, 
~ < GI 

Ill Q. 
a ...J 1597 J2-46 I +Z Gyro Select HI 102. 4 KPPS amp 5 to lOV GI °' < u f- 1598 0 +Z GYro Select WW P/W 3.5 + lusec ~ X 0 
GI >-t!:.- ..a ..a 

1658 J2-47 I Gyro Torque Discrete HI 102.4 KPPS AM 6 + .6v 
.,, -,:; w I.['\ 

:::, GI 
Ill '8-. 1659 0 Gyro Torque Discrete Ret P/W 3.0 .:!:, 0.5usec 0 a I .r. GI 8 . r-1 Ill 

I 
Ill ~ ...:t " 1599 J2-48 I -z Gyro Select HI 102. 4 KPPS amp 5 to lOV 
.. 
C GI (Y) (\J 
GI ..a 1600 0 -z Gyro Select LO P/W 3.5 .:!:, lusec .. . C .,, 
0 -+> u :::, ~r 0 w GI .r. Q .r. Ill < .. X 0 Ill 
c' .. 

C 0 GI t- ·..: .. - u C DO 
:::, 0 .,, u :I: 
0 .; >< .. 
0. .. w 

0 
C .. z u C) 
GI E 
Ill .. .,, 

1 :::, C w 
0 

0 Q u - ..a ..J 12 : :::, 

>- Ill --< - C -~ C 
~ ' 0 Cl 

w GI Ill 
~ Ill GI 

:::, .,, 
~ 

Cl >-w C ..Q 
Q. 

ti GI >< >- Ill m ti :::, w 
C .. 
·- 0 
g' -
GI ., .. Ill z u C C 
:::, 0 0 -~ .,, .. - .. C 0 a .,, a .. u > .. Ill 0. ; - g_ C .. ·-Q .. 0 0 u 0 u - GI C) u -~ Ill 0. 

. ::)1113: Ill 

C .. ..J .. 
GI' 0 ~ I Q. 2 .. ' ~ 0 ..: a .,, I 

C °' ~ :::, E a 
I --C - a 0 Ill Q. E .! -C Cl .,, ~ ~ ·- C 
I U GI Ill "i 
' --< C) .r. E . t- .,, 
I 
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