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ABSTRACT 

Three models representing two Bureau of Ships designs and 
a David Taylor Model Basin design for a proposed 154-ft P04 
were tested for resistance and propulsion characteristics. 
One of the BuShips designs was canceled from the test program 
after initial bare hull effective horsepower tests. Of the 
remaining two, the TMB design proved the better in both still 
water and waves. Significant improvements were made in the 
performance of the TMB design by the addition of transom 
wedges. Also of considerable value was the installation of 
TMB-designed appendages incorporating a single contraflow 
strut behind the propeller supporting both the propeller shaft 
and the rudder. 

INTRODUCTION 

The Bureau of Ships requested that the David Taylor Model Basin 

conduct model tests of three new designs. A, B, and C, of a high speed 

PGM.1 Hull forms A and B (Models 4932 and 4942, respectively) were built 

in accordance with BuShips plant 1 Hull form C was proposed by the TMB 

staff as an alternate design. The underwater form of this model was 

derived from TMB Series 64, and the above-water form was developed by 

using the sheer line and the feature of a forebody intermediate knuckle of 
4 

hull form B. 

The test program consisted of resistance in still water and pro¬ 

pulsion in still water and waves. Motion in a seaway, directional 

stability, and turning characteristics studies were also included. 

After initial bare hull resistance tests, hull form B was canceled from 

the test program. 

The propellers used in the propulsion testing were purchased from 

the Michigan Wheel Company and were their style MP. The full-scale 

diameter was 5,5 ft with a P/D of 1.375 and a blade area ratio of about 

0.50. The hubs were built up to represent a controllable pitch propeller 

in accordance with Bureau of Ships specifications. 

5,6 

^References are listed on page 49 
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Additional propulsion tests were conducted on hull form C with a 

series of TKB-designed transom wedges and a TMB-designed appendage 

arrangement incorporating rudders of increased area and using the rudder 

horn for shafting support instead of V-struts. 

All still water data'Calculations were performed in accordance 

with standard TMB practice and are for the shijj operating in smooth, 

deep, salt water having a temperature of 59 F. 

This report presents the results of the resistance and propulsion 

tests. 

RESISTANCE AND PROPULSION IN STILL WATER 

Models 4932, 4942, and 4950 were tested for resistance in the bare 

hull condition with a centerline docking skeg. Model 4942 was also tested 
after the addition of spray rails. Wave profile photographs were taken 

of each model at ship speeds of 0, 16, and 40 knots, 16 and 40 knots being 

the cruising and top speeds. 
Based upon the results of these tests, Model 4942 was canceled 

from the test program. Shafts, struts, and rudders were installed on 

Models 4932 and 4950, and the two models were tested for resistance and 
J . 8,9 

propulsion characteristics. 
As a result of weights and centers calculations carried out at the 

Bureau of Ships, it was found that hull form A only would have to be 

operated with an 18-in', trim by the stern. Model 4932 was tested for 
resistance in this trimmed condition. 

In an effort to reduce the resistance of hull form C, Model 4950 

was tested for resistance and triA at speeds corresponding to 16 and 40 

knots with a series of TMB-des ig .led wedges under the transom. The maximum 
depth of wedge tested was determined experimentally as that which gave the 

ma-Hiwim drag reduction. This depth was found to be about 5 in., ship 
scale. The length of wedge was always about 2 ft, ship scale. The 
selection of an optimum wedge depth was a compromise between resistance 

reduction and running trim for the ship. The 3-in.wedge reduced 
resistance about 6 percent and retained a running trim of about 2 ft at a 

speed of 40 knots; a larger wedge would have a greater effect upon trim 
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than upon resistance and, therefore, could not be justified. As a result 

a 3-in. wedge was selected and used for complete resistance and propulsion 
tests. 

It was felt that further improvements in propulsion, as well as 
turning characteristics, could be achieved by a redesign cf the appendages 
fitted to hull form C. The large V-struts were replaced by a TMB-designed 

single strut-rudder hörn combination behind the propeller.^ The strut 
and rudder leading edges were designed with contraflow succions. The 

rudder area was increased 50 percent and the docking skeg was reduced in 

size to improve turning characteristics. The shaft line was relocated at 
the request of the Bureau of Ships. These modifications provided further 

inprovements (at 40 knots) of about 4 percent in resistance and 13 percent 
in shaft horsepower. It must be borne in mind, however, that although 

some improvement over V-struts should be expected with such appendages, 
these large figures are due, in part, to the fact that the original 
V-struts were not optimum. 

PROPULSION TESTS IN REGULAR WAVES 

Both models were given propulsion tests in regular waves without 
wedges and with the original appendages, thrust torque, and revolutions 

per minute being measured. Pitch, heave, surge, and bow acceleration were 
also measured.5 Each hull form was tested to 32 knots in head seas and 

at 40 knots in following seas. The seas consisted of regular waves of 
wave length to ship length (Vl) of 0.50, 0.75, and 1.00 at a wave height 
to wave length (r/A) of 1/40 and of A/L equal to 1.50, 2.00 and 2.50 at an 
r/A of 1/50. 

Propulsion data in waves were calculated in dimensionless form by 

the method set forth by Gerritsma.^ By using these dimensionless transfer 
functions and an appropriate wave spectrum, it is possible to calculate 

the thrust, torque, revolutions per minute, or power increase due to a 
complex sea. This was done for power increase with the Neumann spectrum 

for a fully developed sea at a wind speed of 22 knots (a State 5 sea). 
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CONCLUSIONS 

Of the three hull forms tested, form C (Model 4950) demonstrated 

the most desirable propulsion characteristics in still water and waves. 

Transom wedges or flaps iaçrQved the propulsive characteristics as did 

the use of the single strut-rudder horn combination behind the propellers. 

RBCOífíDíDATIONS 

It is recommended that hull fora C be used with adjustable flaps 

behind the transom. Adjustable flaps would allow the optimum flap angle 

to be selected for each speed and sea condition. In some circumstances, 

for example, overtaking a heavy following sea, a fixed wedge, with its 

tendency to drive the bow down, -could be a real disadvantage. It is- 

similarly recommended that testing be done to determine the effect of wedges 

upon the handling and seakeeping characteristics of these ships. 
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Figure 5 - Model 4942, Representing Hull Fora B 







Figure 8 - TMB-Designed Appendages Fitted to Model 4950 



16 knots 

40 knots 

Figure 9 - Hull Form A, Even Keel, 213.5 Tons Displacement 



0 knots 

16 knots 

40 knots 

Figure 10 - Hull Form B, Even Keel, 213.5 Tons Displacement 

without Spray Rail 





Figure 12 - Hull Form C, Even Keel, 213.5 Tons Displacement 
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Figur« 13 - TMB-Designed Appendages Fitted to Model 4950 
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Figure 22 - SHP as a Percentage of that for Hull Form A from Test 3 
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Figure 27 - Dimensionless Thrust Increase Due to Regular Vares 
from Model 4932 in Following Seas 
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Figure 28 - Dimensionless Torque Increase Due to Regular Waves 

from Model 4932 in Head Seas 



Figure 29 - Dimensionless Torque Increase Due to Regular Waves 
from Model 4932 in Following Seas 
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Figure 30 - Dimensionless RPM Increase Due to Regular Waves 

from Model 4932 in Head Seas 
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Figure 31 - Dimensionless RPM Increase Due to Regular Waves 
from Model 4932 in Following Seas 
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Figure 32 - Dimensionless Power Increase Due to Regular Waves 

from Model 4932 in Head Seas 
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Figure 34 - Dimensionless Thrust Increase Due to Regular Waves 

from Model 4S50 in Head Seas 
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Figure 35 - Dimensionless Thrust Increase Due ;o Regular Waves 

from Model 4950 in Following Seas 
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Figure 36 - Dimensionless Torque Increase Due to Regular Waves 
from Model 4950 in Head Seas 
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Figur« 37 - Dimensionless Torque Increase Due to Regular Waves 
from Model 4950 in Following Seas 
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Figure 38 - Dimensionless RPM Increase Due to Regular Waves 
from Model 4950 in Head Seas 

43 

UdilittiiaWttitti, ....i.jk . 



Figure 39 - Dimensionless RFM Increase Due to Regular Waves 
from Model 4950 in Following Seas 
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Figure 41 - Dimensionless Power Increase IXie to P-aguiar Waves 
from Model 4950 in Following Seas 
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Figure 42 - Increase in SHP Due to a State 5 Neumann Spectrum Sea 



F
i
g
u
r
e
 
4
3
 
-
 
O
p
e
n
 
W
a
t
e
r
 
T
e
s
t
s
 
o
f
 
P
r
o
p
e
l
l
e
r
s
 
4
0
5
6
 
a
n
d
 
4
0
5
7
 



REFERENCES 

1. Bureau of Ships letter P013 02 04 Serial 442-196 of 15 Oct 1962. 

2. Bureau of Ships Plan No. P.D. 5022, High Speed PGM, Lines. 

3. Bureau of Ships Plan No. 802-1895769, High Speed PGM, Lines. 

4. David Taylor Model Basin Drawing No. 522-4950-02, Model 4950, 

Bow and Stern Lines. 

5. Schwartz, F., "Comparative Seaworthiness Tests on Two Designs 

of a Patrol Gunboat, Motor," David Taylor Model Basin Report C-1655, 

(in preparation) CONFIDENTIAL. 

6. Olson, C. R., "Turning and Maneuvering Tests with Model 4950 

Representing the PGM 84 Motor Gunboat," David Taylor Model Basin Report 

C-1661 (in preparation) CONFIDENTIAL. 

7. Gertler, M., "The Prediction of the Effective Horsepower of 

Ships by Methods in Use at The David Taylor Model Basin," David Taylor 

Model Basin Report 576 (Dec 1947). 

8. David Taylor Model Basin Drawing No. 522-4932-03, Model 4932 

Shafts and Struts. 

9. David Taylor Model Basin Drawing No. 522-4950-03, Model 4950 

Shafts and Struts. 

10. David Taylor Model Basin Drawing No. 522-4950-04, Model 4950, 

Proposed Stem Appendages for PGM C. 

11. Gerritsma, J., et al., "Propulsion m Regular and Irregular 

Waves," International Shipbuilding Progress, Vol. 8, No. 82, pp. 235-247 

(Jun 1961). 



INITIAL DISTRIBUTION 

CHBUSKPS 
1-4 Hull Design Section (Code 442) 

(1 Copy to Review for Release to DDC) 

5 Tech Lib (Code 210L) 

6 Preliminary Design Branch (Code 420) 

7 Machinery, Sei & Res Section (Code 436) 

8 Prop, Shaft & Bear Section (Code 644) 

9 Lab Mgt (Code 320) 

51 

i Ji'iild 1 ! ai.ii ijJàJJh 'it J lu I, jilt ill. u LuiU. iL: u uiuU ill: ui a i. ¡LL iikiiMi UiU tH â'M 



; 

i 

! 

i 

1 

1 

1*
 

G
un

bo
at

s-
—

P
ro

 p
u
l 8

 io
n
--

 
M

od
el
 
te

s
ts

 
2

. 
G

u
n

b
o

a
ts

—
R

e
si

st
a
n

c
e
- 

M
od

el
 
te

s
ts

 
3
. 

G
u
n
b
o
at

s—
L

in
es
 
o
f 

fl
ow

—
M

od
el
 
te

s
ts

 
4

. 
S

h
ip
 
h

u
ll

s—
E

ff
e
c
ti

v
e

 
h

o
rs

ep
o

w
er
 

(E
H

P
) 

5
. 

S
h

ip
 m

od
el

s—
M

od
el

 
TM

B 
49

32
 

6
. 

S
h

ip
 m

od
el

s—
M

od
el

 
TM

B 
49

42
 

7
. 

S
h
ip
 m

od
el

s—
M

od
el

 
TM

B 
49

50
 

g
 

I.
 

H
oe

kz
em

a,
 

D
av

id
 R

. 

1
. 

G
u
n
b
o
at

s—
P

ro
p
u
ls

io
n
--

 
M

od
el
 
te

s
ts

 
2

. 
G

u
n
b
o
at

s—
R

e
si

st
a
n

c
e
- 

M
od

el
 
te

s
ts

 
3
. 

G
u

n
b

o
at

s—
L

in
es
 
o
f 

fl
ow

—
M

od
el
 
te

s
ts

 
4
. 

S
h
ip
 
h

u
ll

s-
-E

ff
e
c
ti

v
e

 
h

o
rs

ep
o

w
er
 

(E
H

P
) 

5
. 

S
h

ip
 m

od
el

s—
M

od
el

 
TM

B 
49

32
 

6
. 

S
h

ip
 

m
od

el
s—

M
od

el
 

TM
B 

49
42

 
7
. 

S
h

ip
 m

od
el

s—
M

od
el

 
TM

B 
49

50
 

I.
 

H
oe

kz
em

a,
 

D
av

id
 R

. 

D
av

id
 T

ay
lo

r 
M

od
el
 
B

a
si

n
. 

R
ep

o
rt
 C

-1
6

5
2

. 
PO

W
H

U
N

C
 C

H
A

R
A

C
TE

R
IS

TI
C

S 
FO

R
 A

 1
54

-F
O

O
T
 H

IG
H
 S

PE
ED

 
Pt

M
 

FR
OM

 T
E

ST
S 

O
F 

M
O

D
EL

S 
4

9
3

2
, 

4
9

4
2

, 
an

d
 4

9
5
0
 

(U
) 

by
 D

av
id
 R

. 
H

oe
kz

em
a.
 

A
pr
 1

9
6

4
. 

ii
i.
 

A
in

, 
m

..
«

 
g
ra

p
h
s,
 

ta
b
le

s,
 
re

fs
. 

T
h
re

e 
m

o
d
el

s 
re

p
re

se
n
ti

n
g
 t

w
o 

B
u
re

au
 
o

f 
S

h
ip

s 
d
es

ig
n
s 

an
d 

a 
D

av
id
 
T

ay
lo

r 
M

od
el
 
B

as
in
 d

e
si

g
n
 
fo

r 
a

 
p

ro
p

o
se

d
 
1
5
4
-f

t 
PG

M
 w

er
e 

te
st

e
d
 
fo

r 
re

si
st

a
n
c
e
 

an
d 

p
ro

p
u

ls
io

n
 c

h
a
ra

c
te

ri
s
ti

c
s
. 

O
ne
 
o

f 
th

e
 

B
u
S

h
ip

s 
d

e
si

g
n

s 
w

as
 

ca
n

ce
le

d
 

fr
o
m
 
th

e
 
te

s
t 

p
ro

g
ra

m
 a

ft
e
r 

In
it

ia
l 

b
a
re
 
h
u
ll
 
e
ff

e
c
ti

v
e
 

h
o

rs
ep

o
w

er
 t

e
s
ts

. 
O

f 
th

e 
re

m
ai

n
in

g
 
tw

o
, 

th
e
 

1M
B 

d
e
si

g
n
 p

ro
v

ed
 
th

e
 
b
e
tt

e
r 

in
 
b

o
th
 
s
ti

ll
 
w

at
er
 a

nd
 
w

av
es

. 
S

ig
n
if

ic
a
n
t 

in
çr

o
v
e
- 

m
en

 ts
 

w
er

e 
m

ad
e 

in
 
th

e
 
p
er

fo
rm

an
ce
 
o

f 
th

e
 T

M
B 

d
e
si

g
n

 
by
 
th

e
 
a
d

d
it

io
n
 o

f 
tr

an
so

m
 w

ed
g
es

. 
A

ls
o
 o

f 
co

n
¬

 
si

d
e
ra

b
le
 
v
al

u
e 

w
as
 

th
e
 
in

s
ta

ll
a
ti

o
n
 
o

f 
T

M
B

-d
es

ig
ne

d 

D
av

id
 T

ay
lo

r 
M

od
el
 
B

a
si

n
. 

R
ep

o
rt
 C

-1
6

5
2

. 
PO

W
ER

IN
G
 C

H
A

R
A

C
TE

R
IS

TI
C

S 
FO

R 
A
 1

54
-F

O
O

T
 H

IG
H
 S

PE
ED

 
PG

M
 

FR
OM

 T
E

ST
S 

O
F 

M
O

D
EL

S 
4

9
3

2
, 

4
9

4
2

, 
an

d
 

4
9
5
0
 

(U
) 

by
 D

av
id
 R

. 
H

oe
kz

em
a.
 

A
pr
 1

9
6

4
. 

ii
i,
 

5
1

p
. 

il
lu

s
.,

 
g

ra
p

h
s,
 

ta
b
le

s,
 
re

fs
. 

T
h
re

e 
m

o
d
el

s 
re

p
re

se
n

ti
n

g
 

tw
o 

B
u
re

au
 
o

f 
S

h
ip

s 
d
es

ig
n
s 

an
d 

a 
D

av
id
 
T

ay
lo

r 
M

od
el
 

B
as

in
 d

es
ig

n
 
fo

r 
a

 
p

ro
p

o
se

d
 
1
5
4
-f

t 
PG

M
 w

er
e 

te
st

e
d
 
fo

r 
re

si
st

a
n
c
e
 

an
d 

p
ro

p
u

ls
io

n
 
c
h
a
ra

c
te

ri
s
ti

c
s
. 

O
ne
 
o
f 

th
e
 

B
u
S

h
ip

s 
d
es

ig
n
s 

w
as
 

ca
n

ce
le

d
 

fr
o

m
 
th

e
 
te

s
t 

p
ro

g
ra

m
 a

ft
e
r 

in
it

ia
l 

b
a
re
 
h
u
ll
 
e
ff

e
c
ti

v
e
 

h
o

rs
ep

o
w

er
 
te

s
ts

. 
O

f 
th

e 
re

m
ai

n
in

g
 

tw
o

, 
th

e
 

TM
B 

d
es

ig
n
 p

ro
v

ed
 

th
e
 
b
e
tt

e
r 

in
 b

o
th
 
s
ti

ll
 
w

at
er
 

an
d 

w
av

es
. 

S
i^

ii
fi

c
a
n
t 

in
ç
ro

v
e
- 

m
en

ts
 

w
er

e 
m

ad
e 

in
 
th

e
 p

er
fo

rm
an

ce
 
o

f 
th

e
 

TM
B 

d
es

ig
n

 
by
 
th

e
 
a
d

d
it

io
n
 o

f 
tr

an
so

m
 w

ed
g
es

. 
A

ls
o
 
o

f 
co

n¬
 

si
d

e
ra

b
le
 

v
al

u
e 

w
as
 

th
e
 
in

s
ta

ll
a
ti

o
n
 
o

f 
T

M
B

-d
es

ig
ne

d 

1
. 

G
u

n
b

o
at

s—
P

ro
p

u
ls

io
n

--
 

M
od

el
 
te

s
ts

 
2
. 

G
u
n
b
o
at

s—
R

es
is

ta
n
ce

—
 

- M
od

el
 
te

s
ts

 
3
. 

G
u

n
b

o
at

s—
L

in
es
 
o
f 

fl
ow

—
M

od
el
 
te

s
ts

 
4
. 

S
h

ip
 
h

u
ll

s—
E

ff
e
c
t!

v
e

 
h

o
rs

ep
o

w
er
 

(E
H

P)
 

5
. 

S
h

ip
 m

od
el

s—
M

od
el

 
TM

B 
49

32
 

6
. 

S
h

ip
 m

od
el

s—
M

od
el

 
TM

B 
49

42
 

7
. 

S
h

ip
 m

od
el

s—
M

od
el

 
1M

B 
49

50
 

I.
 

H
oe

kz
em

a,
 

D
av

id
 R

¿m
# 

• • • ( V è V > OU «fid 
•H CtMVrHiHrH ÊÊf 

! I lift) Mi! 
13131 1 

• *•■•••• 

1 < fc» ¿ 6 *2 
I».* o S 1.8521111 
sçTSiM!-'""s* 
i|3||.ÍS|^a|fí“T 

-t-Z ¿.I'm sslis^îw0? 

¿a2'-rw£ a u* g 
„ H Jt -H JB 3 a 0 0 W O. -H U . .h 

¡¡¡nmïïMi 
lili- ¡Ä*.3^;2JS SüSI aBCOmm fi_1,-gVaw w u 
hB* S F £3gs| ^ .¾ ew, S 25£Sgdg|-S8S 
II»?«' Ssl5 *|gS 

38::- Ïs:.!?-|sïia 
Bliss' F 1 «â N *«-3 
•g I * “ I ! s 1 & 3 .a « -2 5 « 1 
S È£ïc -8 ä.S.-8-S5.S S.â>-3 

@ * -B « B § ^ 
§5’S“ 8 s hês&S I.& 

¿ 7 2 -H Sat g 

! i filîl 
¡¡s|£ ?|23saji3"3 
*hli st'WKXn 

g 3 Ils g| H 
ga^-adi- 

Fi!t á 2¿'Si 4¡ Eà-g.SS.5 í£-l 

■Mi .  .:.fttk..,,.,,,^ . ...-.. - 



g 
•H 
CO 

1 

J, 

£ a T s I 

<2. 

«M »H 
O O V 

CO 4) *0 
00 4J <M ^ O 1» « <M “ — 

rH CO rH 
V rH h V 

211lls_Â _ o T o, ai o> o< a •e Í-.s-s.a* 

f f 

lislilsl 
C V C V C > *H 00 *H -«H -H « 

S¡lil¿á|ggl|ágs 

iH M fO vô r» M 

liai 

S. 

I c -c *3 
l CO -h «S CQ _ kssii 

0^*3«ô) 
3.S25 2 
3 0D O O 4J 

CQ <M 00 
_ iH 4> V S-S-gé^ 
♦J O 4J V 

W* S .5 
Ç U 4J « 
•HO O E 

rH 0) -H O 
c X £ > S5 J!.3^ 
2 -o ac fe 'S 

?â^S 
a:?¿S 
V O TJ "O oo g ig 

-O -H V vi o oo en s ss-a & 
J3 -H o, O, -H 

pg e £s 
•o a. a*o 

§ s 
-a § 
1 s 
a -h 

I s 
1 2Ï2 

CO CO CO 00 
W 4> 4-> o 
«Ü 4J «« -U 

2 r-l 2 r4 . 

JUf, 

<M 4J rH 
O O O 

00 V TJ 
(Q t) <M r—t 5 
O 00 * 

p Cm ^ Õ O O 

SÏIT f Í 
i W oo CO 00 

a¿ 
t3 

CO 
. . CO rH 
« PH U « 

2|1 llslsla I O T fX & CTi O'* H 
i a <ü Ok^t p, ^ a^-jÉ 

I i «H CO *H -H *H O 
I O X U X « X Œ X S O Içjcfljgcogcogcogx 

en v3 r« M 

I 
H p Q 4) 

. •» > -h C § Cm P O co 60 
U O H «ü I -H 

00 4) « Û.t3 C CO 
V P, y X E _ O 4) 
U *H <M • • SX <0 00 V en P jS <. _ 
p 3 E en c o 
00 ffi 3 4) « « 

B°y 
•h L p *a o X o 
oo 4> 4Û 1) -H P en <M 
4> X O 11 > Cm rH o 

g 
„ SJ • .H 
4» C CO 

£ -H 

TJ ï Ë ¡5 x 

‘S 2 X ^ 

<2 

« X O U > <M rH 
U«l- 

o. 5 t c o 
t- «M o a & 
O O P o. *H 4> • *H 

CO 4) C CO w CO P 
4> 4) CO M C 4J <fl 
“ L «H <3 00 rH 

WO O CO • B 'd H 
P W X 4» M E 4> <0 
CO X TJ W O 5 P 
Ü • P W > «M CQ 

oo >©gUEc ^ e-2i * &g-rt 
2 « ! « Sx 

n <m X 3 X U P 
S* T> <M P P P 

£ ssgss- ‘ 
ü & si* *- 

I X U Wr 

S ° „ £51h - 
CB f0 fi P 4» TJ 

CO U TJ W 
ÄJ 3 (H 

W CO CO rH E X 5 X 

osGb-HtocoxH 
ex a-h p X p p w 
O O C0 *H W C TJ 
? ^•'.ss.s O. O. TJ 

-5¾ s 
4> C W 

fslsl 

p 
U 

00 P <h p 
" 00 <H I 

WJ 

S. -H V 00 <H © Z 

Il |stSÎ 
TpTSi'SÎu'w 
CO CO CQ CQ 00 TJ ■“ 
P « P « P - 

î f 
f 
I 

B « S «» S ■ 

? 
4 

I X i 

V > 
O «H S «h P 

O O 
P 00 d 
OO CO P Cm 

•H 4) CO Cm 

S -SSfg 
2 f 2 I 

00 00 00 00 00 ~ 
p w p W p 
rd p cd P (B 

V ü « 

îïf f 

¿rH¿, 

. .sitial 
g, g g, ^ g, ^ a X 

fi 41 fi V C !» *H 00 *H -H -H w 

rH M fO ^ 

g.& 
u o ¿ £ 5 

.fr 

’S & 

* o ! 
^ Jis^ïpï 

||^ag£6° g 

•5 S 0 3 

n¡L 
gtiTJ-.— 

*3 X « ü « U g 
a-H 3 p rH * W C Cm 3 

-J* S 3 3 8 s-5 °» 
üíJSx ^^gS 
s “a £.sa 8a? 
r i C 5 N = U U TJ 

- felJS 
"""385 ss^ 

»2 35 S 
wjwwra^V fi Tl £ EE-S -55.5 S^-S 

Ji t^gs 

3à!ï.I 

£ *d X a*H S 
£5^38 öü 3S 

. . I X O 
4» Hf U 

■d "d »n « 

as^gl 
*d -h 

4> 00 W 00 00 

£ SS^ & in §*&‘S 
4> U U W 

TJ fi, O. TJ 

— ^ CO £5 « 

alâ%1 
•H E O cox h 

•a.-2 

•5 5.5 *^3 






