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PREFACE

This report covers work performed ‘n four series of chemical

payload launches on sounding rockets. These launches took place at

White Sands Missile Range, (WS~1R), New Mexico. NASA Wallops Station,

Virginia and Churchill Research Range (CHIt), Manitoba, Canada..

These operations included design, fabrication, assembly and

launch services for chemical payloads containing trimethyl aluminum

(THA) or titanium tetrachioride (TiC14) — methanol/water.
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A. Pro~ rani and Description of Experiment

The program consisted of the local measurement of the
turbulent transport properties of the stratosphere by use of a
smoke trail produced by the simultaneous release of trimethyl
aluminum and a 1:1 mole ratio of’ methanol and water from a Nj ke—
Nike rocket vehicle or the release of trimethyl aluminum from a
Nike—Tomahawk vehicle .

A total of eight payloads were f lown . Seven utilized
the titanium tetrachloride—methanol water system, one utilized
the trimethyl aluminum system.

B. Payloads

The titanium tetrachioride payloads were similar to a
type previously flown (1) . The payloads consisted of three sec—
tiins. The forward section consisted of a small aluminum nose
tip and conical pressure vessel. The next section contained the
programmer, batteries , explosive valves and appropriate liquid
and gas plumbing. The third section was two cylindrical tanks in
an annular arrangement . A Nike adaptor ring fitted the payload
to the vehicle. Two types of this payload were used , one with a
launch weight of approximately 550 pounds, the other with a launch
weight of 685 pounds. Figures 1 and 2 show the general outline of
these payloads, Figure 3 shows the flow diagram. (2, 3, 4, 5)

C. launch Operations

The payloads were furnished by the Government and received
by Germantown Laboratory unassembled . Each payload was completely
assembled and checked , then disassembled for shipping. The Wallops
Island launches were an exception , the payloads were assembled,
checked , filled , and shipped by private truck. The progranvner and
explosive valves were installed at Wallops Island.

On arrival at the launch site (White Sands Missile Range
or Churchill Research Range), the payloads were reassembled and
checked. Whenever practical, filling operations took place out of
doors or with an exhaust line leading outside because of the smoke
problem with titanium tetrachloride. The alcohol—water system pre-
sented no problem in filling. After the programmer was checked and
installed, the payload was taken to the launch area arid mated to
the Nike. The payload was pressurized on the launch rail as part of
the flight checkout procedures .

*
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Programmer deve lopment is covered under Section I. of
this report.

The trimethyl aluminum payload was shipped filled to
White Sands Missile Range by special ICC permit. The activator
for t}~e explosive valve was shipped separately. The programmer
and activator were installed at White Sands Missile Range after
checkcut.

D. April 1977 Series White Sands Missile Range

• Three payloads similar to a type previously flown were
used in these experiments . Payload parameters are shown in Table
I. Programmer timing and trail release are shown in Table II.
Figure ]. is a schematic of the Nike—Nike smoke system Mark II.
Figure 2 is a flow diagram of the payload and Figure 3 is a ache—
niatic of programmer type 12—309. All payloada operated satisfac-
torily.

May 1978 Series Wallops Island

Two payloads similar to the April 1977 Series were used
in the experiments. Payload parameters are shown in Table III.
Programmer timing and trail release are shown in Table II. Refer
to Figures 1 and 2 for the smoke system schematic and the flow
diagram. Figures 4 and 5 show the programmer and t imer schematics
used in these payloads. All payloads operated satisfactorily,
although payload #029 started 20 seconds later than it should have
because of mechanical slippage in the timer cam.

F. September 1978 Series Fort Churchill. Canada

Three payloads similar to the May 1978 Series , but larger ,
were used in these experiments . Payload parameters are shown in
Table IV , programmer t iming and trail release are shown in Table V .
Figure 6 is the payload schematic , Figure 7 is the flow diagram.
Programmer type l2—309A is shown in Figure 8. This was the first
time the Mark III smoke payloads were flown . Both operated satis-
factorily.

L _
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G. September 1977 Trimethyl Aluminum Iatn~ch White Sands Missile Ran~e

A single trimethyl aluminum payload was launched from White
Sands Missile Range on September 24, 1977. It did not perform satis-
factorily. Instead of a series of puffs followed by a trail, the valve
remained open on the first puff, venting the entire contents of the tank
and creating a very large single white cloud . It was later found that
this failure was due to a very subt le anoma ly in the programmer timer.

Figure 9 is a schematic of the payload , flow system and timer
settings . Figure 10 is a schematic of the programmer type 52—1363 .

H. Chemical and Physical Prqperties

Appendix 1 gives chemical and physical properties of pa~rload
chemicals used , titanium tetrachloride , methanol—water and trimethyl
aluminum. The information for safety and handling of trimethyl aluminum
is given in an Ethyl Corporation brochure. ( 6)

I. Programmer Desi~~

Due to the difficulty encountered with the trimethyl aluminum
flight , a new programmer was designed and flight tested on the May 1978
Series from Wallops Island. See Figures 4 and 5 for the programmer and
timer schematics used for these flights.
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TABlE I
WHITE SANDS MISSILE RANG E

PAYlOAD PARAMETERS. NIKE—NIKE SMOKE SYSTEM

Payload No. 025 02t~ 027

Vehicle NIKE—NIKE NIKE—NIKE NIKE —NIIcE

CH3OH/H 0 Aft Tank
Wt. ~hem. (lbs.) 118 118 118
Orifice (in.) 0.335 0.335 0.335

TiClL FRI . Tank
W’t. Chem. (lbs.) 135 135 135
Orifice (in.) 0.303 0.303 0.303

Nose Cone
Pressure (PSIA) 100 100 100

Total Payload Wt. (lbs.) 548k 549 540

CG, in. From Nike Joint 25 25~ 24—3/4

Launch date April 22 , 1977 April 26, 1977 May 2, 1977

—— -—
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TABLE II

PROGRAMMER TIMING - TRAIL RELEASE

NIKE—NIKE SMOKE SYSTEM MARK II

Titanium Tet -achloride Orifice 0.303 inch

Tank Press ure 100 psia

Flow Rate 2.28 lbs./sec.

Methanol/Water Orifice 0.335 inch

Tank Pressure 100 psia

Flow Rate 2.00 lbs ./sec .

Start End
Trail No. ~~~~nd Second

1 30 36

2 40 46

3 50 56

4 60 66

5 70 76

6 80 86

7 90 96

8 105 120

Programmer Type 12—309

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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FLOW DIAGRAM

28 Volt Valcor
Solenoid Valve

(70 ,400)

__________ I Orifice 0.335
H3OH/H20
ank

SDC Explosive Valve
Valve , 3/4” Size Whitey B—1RM4

273—10 or Equivalent

28 Volt Valcor
Solenoid Valve

TiC14 
(70 ,400)

Tank T
__________ Orifice 0.303

Manual Ball Valve
Whitey SS—45F B

FIGURE 2



r~ ~~~~
—

~~~~~~~i~~__ - -~~~~~~ 
— — 

—

r

—9—

C)

.~~~~ i •
a, ,-4 S.. C.)

0 0  0C.-.’Cl) a, 4)
U) U) U~~~U ) 0 ~~~~ (.‘i

p.
0 4 0  C~\ 0 r - 4
~~~ +‘ ~~~~ -s~~~~~o p..

U) ~-. Cl) C/) C/) C!) C.) H ?‘ C~\

_
C..’ C.-. C.) 0 C.) Ct) ~~ 0 H
I - — ~~

I- :, ~~~~~~~~ C . - . C~~) 0  C-) CU~~~
_ _ _ _  _ _ _  ~~~ O 0  U)

• ~•;.‘ i~
1— 1

~~
- L __ I I  I a,

t.t— . —~~~~ C~)

— I I
~~1 I 4 ) 0
—1 I ~~ C.)

H

_ _ _ _  — —

— - q
~~~~~~~~~~~

H U)

O N

..‘~ I . 1
~’j~o 

~~~~~ - _ _ _ _ _ _ _ _ _ _ _ _

‘-:. 

_ _ _ _ _ _ _

~~~~~

C

~ 

~~~~~~~~

~H~~IJl
t
l H

8
~~~ 

ccp:i J t~~~I _ _ _ _ _  _ _ _ _ _ _  _ _ _ _

U) ‘
~~ r i  F~~I ki I~~1 ’ ~

~~~O 0 1. 0  0
aD bO O~~~ø O

H r - 1 H r 4
H H P.. ~~O~~ 0 ~~0~~~0O - ’O H ~‘. C l ) > N  ~~~U)~~’ N

_ _ _ _ _  _ _ _ _ _  _ _ _ _- _ _ _ _ _



—10—

TABLE I I I
WALLOPS ISL~±N~PATh) AD PARAMETERS • NIKE-NIKE SMOKE SYSTEM

Payload No. 028 029

Vehicle NIKE-NIKE NI1C~-NIKE

CH3OH/H 0 Aft Tank
Wt. ~hem. ( lbs.) 118 118
Orif~.ce (in.) 0.335 0.335

TiC].4 Fwd. Tank
• Wt . Chem ( lbs.) 135 135

Orifice (in.) 0.303 0.303

Nose Cone
Pressure (PSIA) 100 100

Total Payload Wt . (lbs.) 549 548

CG, in. from Ni1~ Joint 24 23~

Launch Date May 20 , 1978 May 22 , 1978 
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_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  j



-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _

~~~~~~~~~~~~~~~~~~~~~~~ 0 4 0~~~~ ~~~~~~~~~~ . . - 1 Q4 ) a ,  ~~~~~~4 ) G ’  ~~~~~.r11..O
Cl) C.-. C/) Cl) U) Cl) U) Cl) U) C~. E~ H

_ _  

_  _ _ _ _ _  
—~~~g

_ _—  

~~~~

~~~~~~~~~~~ 0 r.~~~~ 

~~~ + 1

I +~~~ ‘
~~~~ 

C~~~ C.~~~~~f
—

1. H0 0 4
U)

•t-10 — -~~~~~~1 0~I 0
____ 04

i
1.~~~~~~~~~~~~~~~ 0 ) 0

v—I .—1 H
CT• aS 0 aS 0

Cl) Cl) C/) ~~ N

-‘---•—-— -~~~ 
•• . •• . ••~~~~~~~~~ • - --.----—- .- — --  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—
~
-- -—--

~~~_ . ~~~~~~.



• —12—

04

4 H

kL~J~~J~~ II
• 

_ _ _  _ 

•0

I_ _  _ _ _ _

1 I
~~

•
* 1 11

+
~~~~~~~~

I

.:b• •~ ~~~~~ ~~~~~~~~~~~~~~~ -
- I



-~

TABLE IV
FORT CHURCHILL

PAYLO AD PARAMETERS, NIKE—NIKE SMOKE SYSTEM MARK III

Payload No. 030 031

Vehicle NIKE—NIKE NIKE—NIKE

CH3/H20 Aft Tank
• Wt. Chest ( lbs.) 160 161

Orifice (in.) 0.391 0.391

T1CL4 Fwd . TankWt. Chem ( lbs.) 184 184
Orifice (in.) 0.348 0.348

Nose Cone
Pressure PSIA 105 105

Total Payload Wg. (lbs.) 668 668

CG , in. from Mike Joint 28—3/4 28—7/8

Launch Date Sept . 12, 1978 Sept . 13, 1978
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TABLE V
PROGRAMMER TIMING - TRAIL RElEASE

MIKE—MIKE SMOKE SYSTEM
685 lb. — MARK III

Titanium Tetrachloride Orifice 0.348 in.

Tank Pressure 105 psia

Flow Rate 3.06 lbs./sec.

Methanolmater Orifice 0.391 in.

Tank Pressure 105 psia

Flow Rate 2.69 lbs ./sec .

Start End
Trail No. Second Second

1 30 36

2 40 46

3 50 56

4 60 66

5 70 76

6 80 86

7 90 96

8 105 120

Programmer Type l2-309A

_ _  ________
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OPERATION HARSES

FLOW DIAGRAM

MARK III

28 Volt Valcor
Solenoid Valve
(70,400)

_________ I Orifice 0.391

CH3OH/H20
Tank

SDC Explosive
Valve , 3/4 ” Size
273—10

__________ 
28 Volt Valcor
Solenoid Valve

TiC14 (70,400)

Tank I 1”
I —~2 —t2~- Orifice 0.348

Manual Ball
Valve Whitey
SS—45F8

FIGURE 7
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A P P E N D I X

FM-—TITANIUM TETRACHIORIDE

Action on metals Corrosive : no action on steel if FM is dry :
vigorous action if FM is moist , FM smoke is
cor rosive.

Boiling Point 275°F .

Chemical name Titanium Tetrachloride

Chemical storage group B

• Decomposit ion temperature None be l ow boiling point of 275°F.

Decont aminants Any alkali in solid or solution form

Formula TiC].4

Freezing Point Minus 22°F.

Hydrolysis products Solid T1OC1 and HC1: also Ti(0Ffl 4 if
sufficient water is present

Munitions markings FM SMOKE in black on light green background

Odor Acrid

Rate of action Rapid

Rate of hydrolysis Reacts im m ediately with water or water vapor

Specific gravity 1.7 at 68°F.

Stability in storage Stable in steel containers if FM is dry

DESCRIPTION

FM is a liquid compound , titanium tetrachioride, which can be atomized by

detonation or by spraying into the air. When it is thus atomized , it hydrolizes

and the smoke soon becomes a composition of solid and liquid particles.

• Nitrogen is used with FM to produce pressure . At times a small percentage

of other chemicals is added to the compound. The smoke mixture is corrosive and

is a colorless to light—yellow liquid that weighs 14 pounds per gallon. 
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FM reacts vigorous ly with the moisture in the air to form a dense, white,

persistent smoke cloud of finely divided titanium hydrate particles and mist

of hydrochloric acid vapor. The formation of the solid particles sometimes

clogs spraying apparatus. For this reason it has been replaced to a large

extent by FS.

When FM i~ in a dry state, it has no reaction on steel. If FM is moist,

however, it will have a strong corrosive effect on steel.

FM smoke increases in density as the humidity increases. Although a good

smoke is produced with average humidity, it tends to dissipate more rapidly

than when the humidity is above average .

White FM smoke is cons idered , under normal conditions , as nontoxic , the

liquid burns the skin like a strong acid . The smoke is mildly irritating to

the nose and throat at the concentrations found in a smoke cloud, but a pro-

tective mask is only required for a heavy concentration.

Detection — heavy colorless liquid having a mildly acrid or pungent odor.

Readily detected by large quantity of smoke produced when it leaks from a

container.

DECONTAMINATION

Observe the following precautions when handling FM in bulk quantities:

1. Personnel handling FM drums or munitions must wear protective gloves

and boots .

2. Personnel handling FM during filling operations , or at other times

when this agent could splash on them, should wear goggles, protective aprons

or clothing, gloves and boots.

3. It is preferable for personnel operating in an FM smoke c1o~~ to wear

protective masks. It is mandatory that masks be worn when the clotri is in a
confined space with high concentrations of FM smoke.

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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4. When FM is spilled , it must be destroyed by repeated dousing with

water. Care must be taken to avoid injury from droplets that are likely to

be scattered by the violent reaction of FM with water. For this reason , a

smallamo unt of water should never be allowed to contact a large amount of FM

mixture. If any liquid FM comes into contact with any part of the body, it

should be immediately wiped off and the body washed witn an abundance of water,

then rewashed with a weak solution of bicarbonate of soda or aimuonia in water.

Contaminated clothing should be removed before washing the body wit h water or

serious burns are likely to result.

STOWAGE

FM is stowed in 55 gallon steel drums . It is stable inside these drums ,

where it is concentrated , but fumes leaking out past the bunghole plugs will

react with moisture in the air to form a corrosive mist that will eat away the

outside of the drums .

The drums should be painted on the outside with an acid and weather—proof

paint . They should be stowed in well ventilated magazines ashore . (Outdoor

stowage is permissible if the outer surfaces of the drums are kept well painted) .

They should be kept on racks at least 4 to 6 inches off the ground or the floor ,

as FM vapors are heavy and hug the ground .

Aboard ship the drums should be stowed tops ide only, but they must be

protected from the sun and from salt water spray and constantly inspected for

signs of corrosion, leakage and paint deterioration.

The drums should be vented when they have been subjected to direct sunlight

or abnormally high temperatures for a protracted period of time . They must also

be vented when bulging because of pressure (this calls for extreme caution on the

part of personnel doing the venting) , or when the drums are to be opened . When

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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venting is necessary, the drums to be vented should be removed from the place

of stowage to prevent contamination of the remaining drums . When it is desired

to open FM drums , they should be removed far enough from the place of stowa ge

so the corrostve vapors released when th~ plug is removed will not be able

to contaminato other drums .

When a drum begins to leak badly, the FM should be transferred to any

empty ronleaking drum . If no suitable empty drums are available, the leaking

drums should be disposed of in order to avoid corroding other drums .

FIRE FIG}~~ING

If a fire involves or threatens build ings in which FM is stored , all

persons within the danger zone shall be notified to vacate until all danger is

passed . Fires in magazines shall not be fought . Since a fire involving

chemical aimnunition is dangerous to the inhabitants of the vicinity, special

precautions must be taken to present fires in areas where this chemical amrnun —

ition is stored . FM is non—flammable, but may cause fires if spilled on flam-

mable material. This is especially true under damp condit ions . 
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36% WATER-64% ME~rHANOL (wM.~

Composition 36% H20—64% Methanol by weight

Specific Gravity at 68°F. .8834

Freezing Point Below —50°F.

Stability in Storage Excellent

The mixture is similar to ~anti—freeze ’t solutions in aut o radiators ,

however the methanol percentage is higher. The mixture is toxic if ingested

and fumes can be an irritant if inhaled over a long period . The mixture of

water with methanol will reduce the vapor pressure of the methanol and hence

• the hazard due to inhalation.

Pure methanol is extremely flammable . When mixed with water at these

percentages the mixture can be ignited with some difficulty, the alcohol

will boil out of solution and burn wit h the usual blue flame . In general the

mixture poses no special handling problems , especially with the small quantities

being used (less than 5 gallons).
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TI1I:tl I- l’Il~~I .~~L t iMI . \  t ..‘t (‘1’~I~~) , ~~~~~~~~~~~~~~~~~~~~ ri i-:.~ ,,
l° iii-illV ( I ’

J~’(~~•fl hi~ . ( C U  I
- - (CJ J~ ) . ,AI 

~~~~~~~~~~ Weight .T 114.17
ni ij u i l , ,  ~V i~,h t  . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ state an d Color at 2J ’C (77°F) . Clear , cokn 1e~~ liqui d

Si a Ic and (°nln r a t 25 C 77°F) (ion ,- , color less li t 1 i i  ~l St~t bil i ty in Cuntuct Will. ’ Air . Flames iu~t uffi  l~
SI a bi l ly in Contact w i th  Ai r  .. . . . . . .  Flames inst ant lv Wit  Ii Water . Reacts violently

~~it h Wat t ’i- - R rac t s viol ent ly Freezing Point . ~ 45.5°C (—49 .9 F ’
- . —46.8°C (—5 2.2 F)Freez ing Pontt~ 15.3 C (~ i.j 1° )  

(two crystalline forms )
T~oi l i i i g Point~ at 760 mm )27.12 ’C (260.82°F) Boiling Point at 760 mm 186.6°C (367.9°F) -

Vapor Prescure~- ’ at Vapor Pressure’ at
20°C ( 68 F) 9.2 mm 60°C (140°F) 0.79 mm
40°C (104°F ) 27.2 ma.’ 80°C (176°F) 3.5 mm
60°C (140 F) 69.3 turn 100°C (212°F) 12.9 mm
80°C (176°F) 157.1 ram 120°C (248°F) 40.3 ram

100°C (212 F) 323.3 mm 140°C (284°F) 109.8 mm
120°C (248°F ) 614.4 nixn 160 °~ ( 320°F) 268 mm
140°C (284°F) 1096 mm 180°C (356°F) 594 mm

Density~ at 25°C (77°1”) ~~~ :::::::~::z:::~::i:.:::~:::::~::::::: ~~ Density .’ at 25CC (77°F) 0.8324 g/mlViscosity ’ at 2a°C (77°l ’ ) 1.030 CP 6.947 lb/gal
- Specific h eat2 at 25°C (77°F) 0.5159 cal / (g) t ~C) Viscosity~ at 25°C (77°F) 2.582 cp0.5159 b tu! ( lb ) ( °1 ”  

Specific 1-tea t at 25°C (77°F) 0.498 cai/ (g)(°C) -

Heat of Vaporization at NI3F 71 cal/ g 0.498 b t u / ( l b ) ( ° F )
128 btu /lb h eat of Vaporization at NBP 120 calf g

AI T° of Forrnatio& at 25°C —27 .6 kcal/grarn 216 bt u(lb
f ormu la weight 

~~H° of Formation at 25°C —33.3 keal ‘gram
h eat of Combustion . Net 9.918 cal f g formula weight

• at 25°C (77°F) 17 .840 btu lb Heat of Combustion . Net 10,202 ca l/g
-  - at 25°C (77°F) 18, 352 btu / lbl it- at of Reaction with Water 1,73k cal ~g 

-
~t ‘p5°C (77 °F ) 3 127 btu ;lb Heat of Reaction with Water 1 ,109 e~ l ’ g— 

at 25°C (77°F) 1.996 btu / lbCooflicient of Volume Expansio n 

~gg~13 
~:: :~ Surface Tension at 28°C (82.4°F) 26.1 dyne/cm - .   

Coefficient of Volume Expansion 0.000815 per °C-
• 

Critical Temp er ature 350°C (662 I’> at 25°C (77°F) 0.000453 per °F
Cri t ica l  Pres sure 54.2 at m Dielectric Constant at 25°C 2.58
Soluble in Hydrocarbons (77°F) and 5 megacycles

- . Critical Tempera ture 405°C (761°F)Fr eezing l’o,nt of 50 wt °f r  . -

Solution in TEA < —76°C ( - - 105°F )  Crit ical Pressure 134 atm
- - Solub le ~~ HydrocarbonsAssociatio n Factor in P.enzene at 5°C 2.0 (D,m ci- ic) 

Freezing Point of 50 wt %
Thermal Stability Liquid stabl e up to 150 C Solut ion in TMA < —76°C (— 105°F )(302°F) in inert atn iosi the re Freezing Point of 50 ~vt %h eat of Fusion 2.101 kent-g m mole (mono m er )  Soltit ion in DEAB —64°C (— 83.2°F)

Association Fac tor in Benzene at 5°C 2.0 (Dimei-ie)
Decomposition Rate ’ of Li quid

rn P.0mb at 140°C (284°F) 0.0028 °7~/h r
160°C (320 F) 0.023 ‘~~/hr
180°C (356°F) 0.16 ~~~hr
200’C (392 F) 0.90 c~/hr
220°C (428°F ) 0.075°,~ /min
240°C (464°F ) 0.33 ‘~ ‘mm
260°C (500 F) 1.3 ‘ , J n i in

‘ Sample pu r ity : 99 wt ¶~ except (or the following prop-
- ertic s for which it .‘~as 959k density, v iscosity, coelti -

cient of volume expansion , dielectric const ant , and de-
comp’lsi lion rate.

L 

- 2 Equation: log P (mm )  9.0086 — 2369.1 ( t  ± 200),
‘ Sanipb ’ r U n t y :  ° 98’~ . t =
- ~i! - C u T I i u g l ,  an d ut hers . J. Ph)-s . (in-rn . 6’~, 677 (1963 . Expet -imenta l  range : 8tJ.190°C.Eq uat  t r i o  - log p i m m i i ,  - - - 7.5(173 1 (i9 2. f~/ ( t  -( ‘237.7) , Values at oth er temp erature s t aha lat ed on page 62., 

‘ Calcii late ~l : tssurn ing one mole gas evolved per gramV.’ It it - at l i i  i- I • ii p. - I ;  I wi’s t a t  e l  i t  v~ I nii  pa go (it - fin-au, In weight TEA decomposed. Exp eiimen I al i a uge: . 

‘ ‘ ‘~~~~ f l ’ ’ . - g . .  . - : . . . . .
t ° i .~~i i  1 1 , - i  . 1 1 ,  i I . i t i i l  . l-: ii , . , , i~ n: lug ‘~~.‘hi - . - 17.2-19 — 8185/ I ’ , T 


