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INTRODUCTION AND MISSION OBJECTIVES 
  

The STS 51-A National Space Transportation System Program Mission Report 
contains a summary of the major activities and accomplishments of the fourteenth 
Space Shuttle mission, which was also the second flight of the Orbiter vehicle, 
Discovery. Table I contains a sequence of events for the STS 51-A mission. 
This report also summarizes the most significant problems/anomalies that 
occurred during the mission. The Orbiter and booster problem tracking lists are 
presented in table II (at the back of the report) and provide a complete listing 
of all problems that occurred. None of the documented problems will cause any 
concern for the STS 51-C mission. 

The primary objectives of the STS 51-A mission were to successfully deploy the 
SYNCOM IV-1 and Telesat-H (Anik D-2) spacecraft, retrieve two Hughes 376 
satellites and perform the planned operations of the DMOS (Diffusive Mixing of 
Organic Solutions) payload and the RME (Radiation Monitoring Equipment). 

This STS 51-A mission was performed as a nominal 8-day flight with a crew of 
five. Two periods of EVA (extravehicular activity) were also conducted during 
which the two spacecraft were retrieved. Eight DTO’s (detailed test objectives) 
and four DSO’s (detailed supplementary objectives) were completed during the STS 
51-A mission. 

MISSION SUMMARY 

The STS 51-A mission was scheduled for launch on November 7, 1984, but the 
launch was scrubbed during the planned hold at T-20 minutes because the data 
indicated that the predicted winds-aloft would apply shear loads in excess of 
the design limits of the vehicle. Consequently, the launch was rescheduled for 
November 8, 1984, and all conditions were satisfactory for the rescheduled 
launch. The final countdown culminated in a successful launch at 313:12:15:00 
Gem.et. (7:15:00 a.m. e.8.t.), from launch complex 39A at KSC (Kennedy Space 
‘Center) on November 8, 1984, and the mission was completed with a landing at the 
KSC Shuttle Landing Facility at 321:11:59:56 G.m.t. (6:59:56 am. e.s.t.), 
November 16, 1984. 

The crew for this mission was Frederick H. Hauck, Capt. U.S. Navy, Commander ; 
David M. Walker, Cdr. U. S. Navy, Pilot; and Joseph P. Allen, IV, PhD., 
Anna Lee Fisher, M.D., and Dale A. Gardner, Cdr. U.S. Navy, Mission Specialists. 

The ascent phase was nominal in all respects. The SRB (solid rocket booster) 
motor performance was near predicted levels. External tank and MPS (main 
propulsion system) performance was nominal. Nominal orbital conditions were 
achieved at MECO (main engine cutoff), which occurred 513 seconds after 
lift-off. Following the satisfactory OMS (orbital maneuvering system) 1 and 2 
maneuvers, the Orbiter was in the planned 150 by 160 nmi. orbit. 

  

   



  
  

  

  

TABLE I. - STS 51-A SEQUENCE OF EVENTS 

Event Actual time, G.m.t 

APU Activation (1) 313:12:10:09 
(2) 313:12:10:10 
(3) 313:12:10:11 

SRB HPU activation command (LH-A2) 
MPS start command sequence (engine 3) 
SRB ignition command from GPC (lift-off) 
MPS throttle-down to 89-percent (engine 3) 
MPS throttle-down to 67-percent (engine 3) 
Maximum dynamic pressure 
MPS throttle-up to 104-percent (engine 3) 
SRB separation command from GPC 
MPS throttle-down from 3g acceleration (engine 3) 
Main engine cutoff (MECO) 
External tank separation 
OMS 1 ignition 
OMS 1 cutoff 
APU deactivation (1) 

(2) 
(3) 

OMS 2 ignition 

OMS 2 cutoff 

Telesat deploy 
SYNCOM deploy 
EVA 1 start 

PALAPA~Bl retrieved 
EVA 1 termination 

EVA 2 start 

WESTAR VI retrieved 
EVA 2 termination 
Flight control system checkout APU 3 start 

APU 3 shutdown 
APU 2 activation 
Deorbit maneuver ignition 

Deorbit maneuver cutoff 
APU activation (1) 

(3) 
Entry interface 
End blackout. 
Terminal area energy management (TAEM) 
Main landing gear contact 
Nose landing gear contact 
Wheels stop 

APU deactivation complete (3) 

313:212:14:32.5 

313:12:14:53.4 

313:12:15:00 

313:12:15:14.6 

313:12:15:28.4 
313212:15:51 
313:12:16:07.1 

313:12:17:05 

313:12:22:38.2 

313:12:23:33.7 

313:212:23:51.3 

313:12:25:33 
313:12:28:04 
313:12:29:32 

313:12:29:28 

313:12:29:27 
313:12:59:43 
313:13:01:38 

314:21:04:32 

315:12:56:07 

317:13:25 

317:18:13 
317:19:25 
319:11:08 
319:14:59 
319:16:51 
320:08:18:16 
320:08: 22:35 
321:10:49:54 
321:10:55:00 
321:10:58:04 
321:11:17:16 
321:11:17:18 
321:11:28:58 

321:11:43:49 
321:11:53:20 
321:11:59:56 

321:12:00:09 
321:12:00:54 

3212:12:21:19    



  

Performance of all subsystems was normal throughout the first day. Telemetry 
data indicated that CRT (cathode ray tube) 4 had apparently failed. The crew 
recycled power to the unit, and shortly thereafter, the display began flashing 
on and off. The CRT was turned off and not used for the rest of the mission. 
The second day of the mission was completed as planned, and no new Orbiter 
problems were identified. All payload and experiment activities were completed. 
The Telesat (Anik D2)/PAM (payload assist module) spacecraft was deployed at 
1:08:49:32 MET (mission elapsed time), within 1 second of the designated time. 
Although the PAM PKM (perigee kick motor) firing could not be observed by the 
crew using the RMS wrist camera against the daylight background, data received 
through the Tanique/Brazil tracking station showed Anik at the expected location 
and in good health. Later data indicated that the spacecraft was in the desired 
geosynchronous orbit. 

The third day of the mission was completed as planned. One maneuver was 
performed to raise the orbit to 169 by 171 nmi. and a second maneuver (plane 
change) was made in preparation for rendezvous with the PALAPA spacecraft on 
day 5. 

All SYNCOM spacecraft predeployment operations were executed in accordance with 
the checklist. The SYNCOM spacecraft was deployed at 315:12:56:07 G.m.t. 
Automatic SYNCOM omni antenna deployment and SYNCOM spin-up was confirmed by the 
crew. A nominal 51-second PKM firing was accomplished and observed with the RMS 
(remote manipulator system) wrist camera. Later data indicated that the 
spacecraft had achieved the desired geosynchonous orbital conditions. 

The three EMU’s (extravehicular mobility units) were checked out and only one 
problem was noted. Each of the two EMU light assemblies displayed a similar 
problem - the failure of the left-side light to operate. An IFM (inflight 
maintenance) procedure was developed for replacing the logic batteries with 
‘spares from other equipment. The replacement was successful. 

The first of four waste water dumps was performed. The quantity reduction to 
10.4 percent was completed between 315:17:00 and 315:17:50 G.m.t., by performing 
five short dump cycles. The dumps were stopped each time as soon as small 
icicles formed. The RMS wrist camera was used to view and record the dump. 

The fourth day of the mission was satisfactory with only one new problem being 
encountered. This problem was found in the S-band antenna system when both 
antenna switches and the switch beam control electronics were all powered 
simultaneously. However, this anomaly caused no impact to the mission. Three 
burns were performed and the apogee was raised to 174 nmi. These burns were a 
6.0 ft/sec phasing maneuver, a 30.2 ft/sec coelliptic maneuver, and a 2.7 ft/sec 
phasing maneuver performed between 316:11:56:18.4 and 316:19:52:54.5 G.m.t.    



In preparation for the EVA on day 5, the water tank dump and refill was 
successfully performed on EMU-1 and EMU-2, battery charges were topped off, and 
the cabin was depressurized to 10.2 psia for the 24-hour prebreathing period 

required prior to EVA. The second waste water dump was performed between 
316:17:40 and 316:18:16 G.m.t. The tank was dumped to 18 percent (about 24.5 
pounds). 

The fifth day of the STS 51-A mission was highlighted by the successful 
retrieval and berthing of the PALAPA spacecraft during a 6-hour EVA. In 
preparation for the rendezvous with the PALAPA, a series of nominal phasing and 
braking maneuvers was performed using both the OMS and RCS (reaction control 
system). 

The retrieval of the PALAPA spacecraft, although successful, was not 
accomplished using the primary procedures. EV-1 crewnan flew the MMU (manned 
maneuvering unit) and was able to insert the apogee kick motor capture device 
(stinger) into the AKM (apogee kick motor) and achieve a hard grapple. The 
spacecraft was then stopped from rotating and maneuvered into position to be 
grappled by the RMS. The MMU performance was nominal during the docking and the 
EVA. The antenna bridge structure, or A-frame, could not be attached as planned 
to the PALAPA spacecraft because of interference between the bracket crossmember 
and a waveguide on the PALAPA. Consequently, an alternate plan for backup 
retrieval of the spacecraft was used. EV-1 manually manipulated the spacecraft 
while EV-2 removed the stinger and attached the spacecraft adapter. Once this 
was accomplished, the spacecraft berthing was manually completed by both 
astronauts. 

The sixth day of STS 51-A was a low-activity day in preparation for the second 
planned EVA on the seventh day. All Orbiter systems continued to operate 
properly. The third waste water dump to 12 percent remaining was completed at 
318:10:15 G.m.t. with no problems reported. The necessary EMU maintenance and 
recharge activities were also completed, 

The major activity on the seventh day of the STS 51-A mission was the successful 
retrieval of the second spacecraft (Westar) during a 5 hour 43 minute EVA. All 
Orbiter systems continued to operate properly. The crew reported at about 
319:09:00 G.m.t. that neither of the aft payload-bay floodlights would operate. 
The crew performed a requested test, but the lights still did not operate. 
Since the forward lights worked properly, the light loss did not impact the EVA 
operations. The retrieval of the Westar was accomplished using a manual 
berthing procedtre. As with PALAPA, the antenna bridge structure was not used. 
One crewnan, while using the MFR (manipulator foot restraint) on the RMS, 
manually maneuvered the Westar into position and aligned the spacecraft for 
berthing. Berthing of the spacecraft was completed with no problems 
encountered. All MMU systems operated nominally during EVA-2. 

At 319:16:15 G.m.t., the final waste water dump to 18 percent remaining was 
performed.    



    
  

The crew reported at 320:05:42 G.m.t., that a "hit" of some type occurred on 
window W7 resulting in an impact area about 1/32 in, in diameter. A structural 
margin of 24 percent (positive) still existed and this condition did not affect 
the mission. 

The on-orbit FCS (flight control system) checkout began at 320:08:18:16 G.m.t., 
and ran for 4 minutes 19 seconds using APU (auxiliary power unit) System 3. At 
APU startup, several bubbles and a slightly low chamber pressure were noted; 
however, the chamber pressure came up when the load increased. The checkout 
went smoothly without any problems. 

The STS 51-A mission progressed satisfactorily during the last full day on 
orbit. All Orbiter systems functioned as designed. All planned experiments and 
payload activities were completed as well as final stowage. 

The deorbit maneuver was performed at 321:10:55:00 G.m.t. for 184 seconds. The 
entry was normal and all PTI (programmed test input) maneuvers were completed. 
After completing the 304-degree HAC (heading alignment circle) turn angle, the 
Orbiter was guided to a landing at the Shuttle Landing Facility on runway 33. 
Rollout required about 9461 ft. An inspection after landing revealed that the 
Orbiter was in excellent condition and the tile and thermal protection system 
had experienced only insignificant damage during the STS 51-A mission. 

VEHICLE ASSESSMENT 

SOLID ROCKET ROOSTER 

All SRB systems performed as expected. The SRB prelaunch countdown was nominal 
with no problems noted. Performance of both solid rocket motors was near 
predicted values and well within the allowed envelopes. Propellant burn rates 
were also near predicted values. Preliminary indications are that SRB 
separation occurred within 0.37 second of the predicted time. The SRB recovery 
system performed nominally, with both SRB’s impacting within 13 seconds of each 
other and floating in the normal manner 2.6 miles apart. 

EXTERNAL TANK 

All ET (External Tank) systems performed as expected. There were no ET 
preflight or flight anomalies, nor was there any significant frost buildup. The 
only ice observed was on the line bellows and brackets in waived areas, which is 
normal. Nose cone temperature measurements were different from one another by 4 
to 8 degrees F, but this is within required limits. 

The ET impacted in the Indian Ocean at about 28.11 deg S. latitude and 78.43 deg 
E. longitude.    



  

SPACE SHUTTLE MAIN ENGINE 

SSME (Space Shuttle Main Engine) performance data followed trends which were 
similar to those observed during previous flights. The HPOTP (high pressure 
oxidizer turbopump) and HPFTP (high pressure fuel turbopump) turbine discharge | 
temperatures during mainstage compared favorably with predicted values. 

During prelaunch operations, the HPFTP discharge temperature on engine 3 decayed 
from a maximum of 540 deg R to a minimum of 397 deg R when the tank was 
pressurized at 43.7 to 46.7 psia. When tank pressure was vented, the 
temperature went back up to approximately 420 deg R and stabilized until 
prepressurization occurred at T-90 seconds. The HPFTP temperature then dropped 
to approximately 391 deg R on channel A and 400 deg R on channel B, but these 
levels did not cause a start or flight problem. 

MAIN PROPULSION SYSTEM 

Overall performance of the MPS (main propulsion system) was excellent. Liquid 
oxygen and liquid hydrogen loading was accomplished as planned with no stop 
flows or anomalies. Liquid oxygen and liquid hydrogen loads relative to 
predicted values were about 1390 and 840 1lbm low, respectively. No significant 

hydrogen concentrations were observed. 

Ascent performance was normal and MECO was near the predicted time. 

ORBITER 

Forward Reaction Control System Thruster F4R Leak Indication 

During the SYNCOM separation manuever, forward RCS thruster F4R was fired. The 

fuel injector temperature decreased from 84 deg F to 43 deg F over a 2-hour 
period. The deselect threshold is 25 deg F. It was believed a small leak 
existed because of contamination in the injector valve seat. The temperature 

subsequently recovered to 58 deg F, indicating the leak had stopped. 

The F4R thruster was reprioritized to number | priority and operated properly. 

Postflight testing showed no evidence of a leak. 

Microswitch Failures 

There are five STS 51-A problems that have been identified as involving loss of 

valve position indications. The valve position indications are derived from 

limit switches which have a history of conductive and non-conductive particle 

contamination. 

Two of the identified problems occurred previously during the STS 41-D mission, 

but could not be duplicated during postflight testing. The limit switches were 

not removed and replaced because of accessibility problems. 

  

   



  

  

There was minimal impact to both STS 41-D and STS 51-A missions as a result of 
these microswitch failures. 

Cathode Ray Tube 4 Failure 
  

At about 314:09:48 G.m.t., telemetry indicated that CRT 4 had experienced a DU 
(display unit) low-voltage power supply bite message. Subsequently, the crew 
cycled the input power and reported that the screen was cycling on and off about 
every 2 seconds. CRT 4 was then powered down. Later, at about 317:11:55 
Gem.t., CRT 4 was powered up for rendezvous operations and the previously 
observed conditions repeated. CRT 4 was powered down for the remainder of the 
flight. There was no mission impact. 

Left Orbital Maneuvering System Helium Isolation Valve Leak 

Following the NC-1 maneuver for rendezvous with the PALAPA, the left OMS fuel- 
tank ullage pressure increased 8 psi in about 7 hours (equates to 100,000 scch 
leak). The leak rate following subsequent maneuvers varied from 80,000 to 
340,000 scch. The increase in fuel-tank ullage pressure indicated that the 
helium isolation valve or valves were leaking. When the OMS fuel-tank ullage 
pressure reached 259 psi, the primary regulator locked up and no additional 
leakage was observed. This condition did not impact the mission. 

Prior to the STS 51-A mission, the left OMS helium isolation leg B valve was 
leaking at a rate of 3800 scch. Specification leak is 360 scch for two valves. 
The leakage was waived for the STS 51-A mission since both the primary and 
secondary regulators did not show any out-of-specification leakage rates and 
provided operational redundancy. 

Brake Hydraulic Pressure Increased During Entry 

During entry operations between landing gear isolation valve 3 opening at 
321:11:42:33 G.m.t. and landing gear 2 isolation valve opening at 
321:11:49:02.49 G.m.t., the four brake pressures increased from zero to 
approximately 900 psi. The pressure initially rose to 200 psi indicating 
compression of the brake-puck (disc) return springs, then continued to 900 psi 
indicating compression of the brake assembly. The brake pressure was relieved 
to normal when landing gear isolation valve 2 was opened. There was no 
indication of a similar occurrence in brakes supplied by hydraulic system 1. 

The landing gear isolation valves are two-way spool valves that always have a 
small downstream leakage. The brake module switching valves are simple, biased 
area, pressure-operated, four-way valves with a ball detent in either of two 
positions. When landing gear isolation valve 3 was opened, the switching valves 
encountered a hydraulic lock in system 2. Pressure generated in both systems 
(1500 psi in system 3, 1045 psi in system 2) was sufficient to close both 
thermal circulation valves in the brake module. All paths to the return 
hydraulic line were closed except through the servo valves. Leakage through 

  

   



  

hydraulic system 2 isolation valve drove the switching valves back toward the 
primary position until the leakage could pass through the servo valves. The 
switching valves are designed nominally for simultaneous cutoff of the pressure 
and return flow slots. Tolerance stacking of the five affected ports can cause 
the return slots to close first. Restriction of the return path at the 
switching valve and leakage through landing gear isolation valve 2 caused 
pressure buildup in the brake system. 

EXTRAVEHICULAR ACTIVITY 

Two periods of EVA were planned and completed during the STS 51-A mission. One 
period was required for the retrieval of each of the two Hughes 376 spacecraft. 
The total time for both of the EVA periods was 11 hours and 53 minutes. Al1 EMU 
and MMU systems operated as designed with no problems or anomalies during either 
period. 

FIRST EVA 

The first EVA took place on schedule on flight day 5 with hatch opening at 
317:13:25 G.m.t. and hatch closing at 317:19:25 G.m.t. EVA preparations 

proceeded nominally with the exception of the EMU helmet-light battery problem, 
which was discovered during suit checkout on flight day 3. The power switch was 
in the "on" position and this had caused the batteries to discharge. The crew 
used an IFM procedure to wire other batteries that were onboard into the EMU 
lights. The lights then functioned normally for the duration of the mission. 

t 

The first major activity during EVA-1 was the checkout of MMU 3 that was located 
on the port side of the payload bay. After the donning and successful MMU 
checkout, plus the attachment of the ACD (apogee kick motor capture device), the 
EV (extravehicular) -1 crewman began. the translation to the PALAPA spacecraft. 
Following the successful docking, the MMU thrusters were used to stop the 
spacecraft from its 12 deg/sec spin rate and re-orient the vehicle to a position 
suitable for RMS capture. 

After grappling the PALAPA, the RMS lowered the spacecraft into the payload bay 

with EV-1 and the MMU/ACD still attached. EV-2 cut the omni antenna with the 
shears provided, and an attempt was made to attach the common bracket clamps to 
the PALAPA so that the antenna bridge structure (ABS) or "A-Frame" could be 
attached. At this point, EV-2 found that the common bracket clamps could not be 
attached to the PALAPA. A waveguide assembly protruded farther outboard on the 
PALAPA than had been expected and prevented the common bracket clamps from being 
mounted on the PALAPA’s common brackets.    



  

  

The crew changed to a practiced backup procedure. EV-1 disconnected the MMU 
from the ACD in the PALAPA, and doffed the MMU in its mounting station. EV~1 
then got into the PFR (portable foot restraint), which had been positioned on 
the starboard side of the Westar pallet, and held on to the top of the PALAPA 
after it was reledsed by the RMS. EV-l positioned the PALAPA so that EV-2 could 
remove the ACD, install the AKM nozzle cover and attach the Hughes 376 adapter 
assembly to the bottom of the PALAPA. Together, the two crewmembers then 
manually maneuvered the PALAPA into the PRLA (payload retention latch 
assemblies), where it was secured for return. 

SECOND EVA 

During day 6, the EMU’s were serviced and the procedures to be used for the 
second EVA were reviewed. Because of the possibility that the configuration of 
the waveguide on Westar VI was the same as PALAPA, the decision was made to 
forego the use of the A-frame completely and to manually handle the spacecraft 
after it had been stabilized by the MMU in a manner similar to that done during 
the first EVA. The primary difference in the plan for the second EVA was to 
have EV-1 positioned in the MFR on the RMS instead of being in the portable foot 
restraint on the side of the pallet. This would allow him to be more optimally 
positioned by the RMS to handle the spacecraft, thereby reducing the EVA 
workload and minimizing the risk of damaging the solar panels on the spacecraft. 
The use of the MMU and ACD was still required because of the inherent danger of 
the spinning satellite to the Orbiter and to the EV crewman in the MFR. 

The second EVA began at 319:11:08 G.m.t. and lasted approximately 5 hours 43 
minutes. The EVA was completed with no significant anomalies at 319:16:51 
Gem.t. The alternate procedures were satisfactory for the successful retrieval 
of the Westar VI spacecraft. 

PAYLOADS AND EXPERIMENTS 
  

DEPLOYMENTS 

Telesat (Anik-D) Spacecraft 

The Telesat (Anik-D) spacecraft was deployed from the Orbiter at the planned 
time of 01:08:49:32 MET. The PAM burn was nominal and the spacecraft was 
acquired by the ground tracking network on the first transfer orbit. Attempts 
to observe the PAM burn with the RMS wrist camera were unsuccessful because of 
the unfavorable sun angle. 

Subsequent spacecraft operations, including the apogee motor burn, were all 
normal, and the spacecraft is on its assigned station in geosynchronous orbit. 
The spacecraft has been checked out and is operational. 

  

   



During the predeployment sequence while opening the sunshield, the sunshield 
stopped its opening movement for 2 seconds midway through the cycle. A slight 
(0.1 A) current increase was also noted at the same time. All other sunshield 
opening and closing activities were nominal and postflight attempts to reproduce 
the anomaly have been unsuccessful. 

SYNCOM IV/Leasat Spacecraft 
  

The second Space Transportation System-launched SYNCOM IV/Leasat deployment was 
successfully accomplished as planned at 02:00:41:07 MET. Deployment 
preparations were nominal including pulling of the 4 cradle-to-spacecraft 
restraint pins, and arming and firing of the deployment mechanism pyrotechnics. 
The Orbiter rates at deployment were essentially zero with pitch at +0.004 
deg/sec being the only axis above +0.001 deg/sec. 

A nominal perigee motor burn occurred 45 minutes after deployment and the 
spacecraft was acquired by the ground tracking network during the first transfer 
orbit. (The burn was observed with the RMS wrist camera.) Subsequently, several 
LAM (liquid apogee motor) firings were accomplished to place the spacecraft in 
geosynchronous orbit over the equator. The spacecraft is on-station, and 

undergoing spacecraft and communications-payload checkout. 

HUGHES SATELLITE 376 RETRIEVALS 

PALAPA B-2 Spacecraft 

The recovery operations began with the completion of the first rendezvous at 
about 317:13:00 G.m.t. The rendezvous was normal and the EVA egress began at 
04:01:10:00 MET. The EVA operations proceeded as planned and the spacecraft was 
captured by the MMU crewnan (EV-1) and grappled by the RMS. When the second 
erewman attempted to install the antenna bridge structure, it was found that an 
obstruction between the two common bracket posts on the spacecraft prevented the 
installation. The alternate procedure was used and this required the EV-1 
crewnan to stand in the portable foot restraint and manually hold the spacecraft 
while the EV-2 crewnan installed the adapter. The spacecraft was then manually 
berthed in the PRLA’s and the latches closed. 

Westar-VI Spacecraft 

For the retrieval of the Westar-6, a decision was made to omit the antenna 

bridge structure and repeat the PALAPA retrieval procedure with a change in that 
the EV-2 crewaan would be in the MFR on the RMS, and would thus be in a better 
position to manually handle the spacecraft after capture. Positioning of the 
spacecraft was aided by the RMS operator and by leaving the omni antenna still 
attached until after berthing. Capture by the EV~l crewaan was normal as was 
the adapter installation and berthing. 

10 

   



    
  

DIFFUSIVE MIXING OF ORGANIC SOLUTIONS 

The DMOS payload experienced hardware problems inflight which precluded some of the internal cells from operating properly. The stepper motor that opens the valves between chambers experienced a larger torque than the capability of the motor. Crystals were grown in three of the six chambers and both quality and quantity of these crystals far exceeded the amount that has been previously grown in the laboratory. 

RADIATION MONITORING EQUIPMENT 

The RME payload experienced no problems inflight. Postflight analysis indicates that good data were collected. 

ll 
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