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- Industrial/Automotive/Functional Blocks
i i A o '

LMBEBE/LMESEC timer - - wiizv: g o fu oo Ja o '
general description 7 e i el = P, e g e
The LM555 is a highly stable device for geﬁerating ® Adjustable dutv cvclc L . '
accurate time delays or oscillation. Additional terminals ® Qutput can source or sink 200 mA
are provided for triggering or resetting if desired. In the ® Output and supply TTL compatible =

time delay mode of operation, the time is precisely con-
trolled by one external resistor and capacitor. For astable
operation as an oscillator, the free running frequency and

duty cycle are accurately controlled with two external " e ¢ 3 Aams & 3y
resistors and one capacitor. The circuit may be triggered applications i - ;
and reset on falling waveforms, and the output circuit £ ol Fa e

® Temperature stability. better than 0.005% per. e
"~ ® Normally on and normally off output :

can source or sink up to 200 mA or drive TTL circuits. ® Precision timing
et g < ' . ® Pulse generation e
features T i A ® Sequential timing : RO
R ® Time delay generation 5
® Direct replacement for SESSSINESSS ® Pulse width modulation U Ttk
® Timing from microseconds through hours Ff . @ Pulse position modulation )
® Operates in both astable and monostable modes ~ ® Linear ramp generator T
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absolute maximum ratings P e re WY 0 E T i S0
Supply Voltage +18V
Power Dissipation (Note 1) 600 mW
Operating Temperature Ranges ' ) l
LMS55C . : s . 0°Cto+70°C cpo
LM555 il -55°C t0 +125°C AR e pee
Storage Temperature Range - —65°C to +150°C i i i
Lead Temperature (Soldering, 10 seconds) 300°C o
- 2, Teppe A , - ; i » ’~ : «
s b w M sy Lo rin T T A yio oA
electrical characteristics (T, =25°C, Vcc = +5V to +15V, unless otherwise specified) RT .
: LIMITS :
PARAMETER CONDITIONS LMS55 ' LMSS5C | units
o MIN TYP MAX MIN TYP | MAX :
Supply Voltage 45 18 45 e 16 .V
Supply Current . Vee =5V, Ry = = 3 5 3 6 mA
Ve = 15V, Ry === - i 10 12, 10 15 imA
(Low State) (Note 2) , 5 &
B
- Timing Error, Monostable - TN R = = 3 . J PEd
Initial Accuracy ) ! 05 25, 1 2 o rrEgle 1
Drift with Temperature " | Ra.Rg =1k10 100k, 30 50 E ppm/°C
i = | C=0.14F, (Note3)" % N o < i S e el T
 Accuracy over Temperature . 3 ) AW A\Y - 15 30 sk 18 L " o &
Drift with Supply 3 A 0.05 0.2 ) 0.1 s WV
s D& o5 L7 :
Timing Error, Astable i :
Initial Accuracy L 15 s il 2285 7 ' %
Drift with Temperature | T T SRARIT 3 20 = 150 i _pom/*C
Accuracy over Temperature 3 25 . 3.0 - %
Drift with Supply : 0.15 0.2 .. | 030 05 "V
. ¥ - — Q - e .
Threshold Voltage ‘ B = : 2 y 0.667 «| 0667 xVee
Trigger Voltage _____ SE Vee = 15V 48 5 52 - iils v
ol Vee = SV 1.45 167 19 DA 167 iV
3 T . S
Trigger Current =~ ——= ‘ 001 | o5 ) 09 | im
‘ & $ ) & ; - > b X e N by
Reset Voltage - . ) ; : - 04 0s 1 “| oa _|oOS5 1 i
Reset Current - : d 0.1 04 . ) oa | 0T i mA
Threshold Cumrent - . © ... (Noted) st i ; 0.1 025 re- o1 | o025 " pA
o D S\ Tafo : S
Control Voltage Level - : S e Ll L 96, 04 | 9 |10 1 Sy
I e “o | Vee=5V : 29 38 285~ §333 - 4 iy
Pin7 Laskage Output High =27 | 1 ER 100 1 100 i
Pin7Sat (Note §) v - ¢ : ol s LA RN
Output Low : “%5 | Vee = 15V, 1 = 15 mA 3 - 180,
Qutput Low : Vec =45V, 1, =45 mA Bl 100 . 80
Output Voltage Drop (Low) - __| Vec =15V . .2 :_ .. s k] Ui =Y o
lgink = 10 mA 0.1 0.15 ;] ots
S et S e ) @ BOmR, o e el e ] 108 05 4 oa
e - lsink = 100 mA 2 22 2
tsink = 200 MA 25 o [ 25 |
. Vee =8V T A
- ope azn® o | dsink.= B mA T 0.1 025
| sk = 5mA . we~c. | L3 ieisd ) 026
Output Voltage Drop (High) | | lsounce =200 mA, Ve = 15V 125 s 125
- £ s lsounce = 100 A, Ve = 15V 13 133 133
) I Ve =5V 3 33 . 33
Rise Time of Outpurs — — i st e 5 100 -} 100
< ot s . Y
Fall Time of Output T = 00 {0 -
e : ; i
Nots 1: For ing at slevated the device must be derated based on a +150°C maximum juncti
of-+45"C/W juncti for TD-5 3nd+150°CAN junction to ambient for both peckages.
Note 2: Supply current when output high typicalty™) mMATes NIV =SV, -
Nots 3: Tested at Vo = 5Vand Vg = 15V. #nv
Note 4: This will doumnm the maximum value of Rp + Rg for 15V operation. The maximum total (RA + Rpg) is 20 MQ.
Nots 5: No p i ga cessi pm7eummn y providing the package dissipati ntlmmllnmbtcxendod

2 & by = = e
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applications informatioﬁ (con’t)

The frequencv of oscillation is:
1 1.44

frem ——
- T (Ra+2Rg)C

<

Figure 6 may be used for quick determmatlon of these
RC values :

Rg
The duty cycle is: D= e
2 ) " RA + 2l=lB a
L]
. N :
g \ \‘\\\\\
= 7 7 &
AR
8o N N W% N
i wn \‘ \\&\ \
Ry +2Rg) \
T e | \ \ \
@ 1 18 10k 100k
7% 175 FREERUNNING FREQUENCY (Hz)
ﬂGURE 6. Free NMW 7"‘?‘"‘“
FREOUENCY DIVIDER A PN

The monostable circuit of Figure 1 can be used as a
frequency divider by adjusting the length of the timing
cycle. Figure 7 shows the waveforms genuated m a
divide bry three curcun
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PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode
and triggered with a continuous pulse train, the output
pulse width can be modulated by a signal applied to pin

et h Sl e 2 0 i 'l..a-w r¥uting 5
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FIGURE 9. Pulse Width Modulator
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PULSE POSITION MODULATOR i : 7

This ‘application uses the timer connected for astable
operation, as in Figure 10, with a modulating signal
again applied to the control voitage terminal. The puise
position varies" with the modulating signal, since the
threshold voltage and hence the time delay is varied.
Figure 11 shows the waveforms generated for a triangle
wave modulation signal. i
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waveform examples

5. Figure 8 shows the circuit, and in F/gum 9 are s:)mc
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LINEAR RAMP -
mmm &,ndn monostable circuit |

is replaced by a constant current source, a linear ramp is
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'MM54C73/MM74C73. MM54C76/MM74C76, MMS54C107/ MM74C107

aMmaduan 1.,

National
Semiconductor

MM54C73/MM74C73 Dual J- K Flip-Flops with Clear -
MM54C76/MM74C76 Dual J-K Flip-Flops with Clear and

Preset .

MMS54C107/MM74C107 Dual J-K Flnp-Flops with Clear

general description

o o o g sapnionss oo h

R AN s S AT T

These ‘dual J-K flip - flops are. monolithic ® High noise i’:’"’“,“,['i‘i’ £ ) 05‘5 Vec (typ)
complementary MOS (CMOS) integrated circuits ® Lowpower __ ' _, 50 nW (typ)
constructed with N- and P-channel enhancement ® Medium speed operation — - 10 MHz (typ)
- transistors. Each flip-flop has independent J, K, with .10V supply
clock and clear inputs and Q and Q outputs. The it i e )
MM54C76/MM74C76 flip flops also include preset syt e B e P =
inputs and are supplied in 16 pin packages. These licati i
- flip flops are edge sensitive to the clock input and i v ol s
change state on the negative going transition of the ® Automotive ’ “ )
clock pulses. Clear or preset is independent of the ® Data terminals *
clock and is accomplished by a low level on the #_Instrumentation -
respectwe mput o b SR ) = ® Medical electronics B e ;
" features "'L”' 7 P ® Alarm systems sl A B
g y ) O Vi
-® Supply voltage range P3vie 15V ® Industrial electronics . il 2
| 7w Tenth power TTL ___ anvez LPTTL foads = Remote metering b, e
\ - taen 3 o; : 5 sholtd 1B
compatible —-ﬂ \ ___,, a - .® Computers % IR g
Ioglc and connectlon dlagrams § B 1
e i ! T
r e | SR e SR B ;
-——Do—i—bo—f g i
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: s g g
. e o et B
asems o i ——
:- 2 i.‘.“ :‘ :
il o -
' & —
: -_-'-L : b6 sz -
9"0:\.'.—!‘4'9-..'-“ t2a 3 0707 anaf
‘} 3 > 2 TRy L gt L )
g ""‘-‘9 ¥ 3 ' & 3 3 . 7"1'-: Fg B
it ',J’MAW'I;'::-Q- o e Lt e 1. 2 g 0 en s v G atogie .0 T 8
o T, --,-‘I'-ll-n""-‘-".""‘"' 4R U e ete2: A lege 8" on presst et 0 10 8 fogie “1.7 L tt
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absolute maximum ratings

Voltage at any pin (Note 1)
Operating Temperature MM54CXX
- © MM74CXX
Storage Temperature
Maximum V¢ Voltage
Package Dissipation

Lead Temperature (Soldermg, 10 sec)

Operating V¢ Range

0.3V to V¢ +0.3V
-55°C to 125°C
—40°C to +85°C
—-65°C to 150°C
18V-

500 mW .

300°C
+3Vto 15V

electrical characteristics

- PARAMETERS [ * CONDITIONS . I M i l TYP l MAX1 UNITS
CMOS TO CMOS : o e 3
X A Vee = 5.0V 35 Y
-Logical 1" Input Voitage Vini) Vee = 100V 8 v
BT k- N T
< . sk aany & . Vee = 5.0V A O R a s 1.5 v
;- y: Logical “0” Input Voltage V....m 1 Ve = 10.0V 2 $1 2 20 L v
s 5 Vee = 5.0V T e e T v
- Logca 1" Outout Voltage Vourin - Ve 00V | — S 90 skt 22 v
TSRO I I ot .
o Vee = 5.0V o : . jos v
"°"°" 0 Output Voltage Vourio Vee = 100V } ; S ilP e v
e : 4 i i
* Logical ""' Input Current by ™ Ve AABOV =) 50 S RS = N A A A
- Logical 0" Input Current Tovioh Vee = 150V 3 : _jt.o o A
Supply Current Igg Vee = 15.0V SN N ke 0,050 60 uA
input Capacitance Any Input pF
Pr t Delay Ti L 10" ¢
: ":":L':mf.f:'.. ":' sl Vee =5.0V.C_ = 50 pF, T, = 25°C 180 | 300 ™
ol 0 Vee = 10.0V, C_ =50 pF, T, = 25°C 70 110 ns
E0E . o s A T R SRR i £
Propagation Delay Time to » Logical 0" Vee »5.0V.C, =50pF, Ty = 25°C st 71200 300 ns
From Preset or Clear e Vee = 10.0V, C,_ =50 pF, T4 = 25°C _ 80 _ | 10 ns .
Propagation Delay Time to 3 Logcul g Vee =50V, G =50 pF. T, = 25°C <] 200 300 T v
From Preset or Clear Vec = 10.V.C, =500F T, = 25°C 80 130 ns
Time Prior 10 Clock Pulse Thn Dnu Must Vec »50V,C =50pF, Ty = 25°C ‘, ~] o 175 ‘ns
be Present, tsgvup . '»\ s Vee = 10V. Cc= 50 pF, T = 25°G. 1/ 45 70 ns
Time After Clock Pulse That Jand K Vee =50V, C  =S0pF, To =25°C. | ~o .o i 740 0 as- o
Must be Heid RTINS S ' Vee = 100V, C, =50 pF, T, =25°C -20 ] ns
Minimum Clock Puise Width Her Ve =50V, C, =50pF, Ty =25°C 120 190 ns
Tove, = e ¢ ity - Vee = 100V, C_ =50 pF, T, = 25°C 50 80 ns
" ¢ oo e vcc-s‘ov, C, =50pF, T, =25°C 90 130 ns
Minimum Preset and Clear Pulse Width =100V, C, = 50 pF, Ta = 25°C : 40 60 o
: T vcc-sov C, =50 pF, T, =25°C 25 40 MHz
Maximum Toggle FreauefCy Vec = 10,0V, C, = 50 pF, Ta = 25°C 70 | 1o MHz
,. « Vee = 5.0V, C =50 pF, T4 =25°C i 15 us
Clock Pulse Rise and Fall Time Vee = 100V, C, = 50 pF, T"25C'- viguR T - T 5 e [N T
LOW POWER TTL TO CMOS INTERFACE ceppa M
o e . 54C, Ve = 4.5V
Kagheat <1 Ingdi Valtags Vit e Mo s AT i i 4 oriR t
. : 64C, Ve =45V ¢ ool
ical 0" Input Votlage V| ) A 08 A\
Logi pu ”. ™o 74 v = a1V i e ol
- 84C, Ve = 45V, g = -360uA
i Loou?l l Output Voitage Vot 74C, Vee = 475V, Ig = ~360uA . 24, v
ical 0 —~54C, Vi = 45V, 1g = 360uA '«
Logical “'0” Output Voltage vo\m, 74C, Vcc = 4.75V, g = 360uA 04 v
OUTPUT DRIVE (See 54C/74C Family-Characteristics Data Sheet) o G
Output Source Current (Igounce! Vee* 5.0V Vi@ =0V, . -1.78 mA
v A TA=25°C,Vour OV, i F- v -
Qutput Source Current (lsounce! V= 10V, Vinoy =0V = s =80 L mA
+ T Ti=25°C, 'Vouf =0V . ok ; oy
! 5 PR M S o
Output Sink Carrent (lgx) - ' Vcc'-"o" Vi =50V mA
- : e s = 25°C.Vour = Nec —
Output Sink Current (lgnk) . = Vcc =10V, Viniiy = 1OV thw mA
‘o . - ~Ta=25°C,Vour®Vec ~
Nots 1: This device should not be connected to circuits with the power on high ges may Cause
permenent demage. & w s SR

- 1-25

-

Py e e A
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- MM54C73/MM74C73.MM54C76/MM74C76, MM54 C107/MM74C107

ac test circuit

Ve Vee

i

truth table

B UF DT weurs{ ==
P o | —

tn et | Preset | Clear | Q, | Gy
& de 3 "3 Q 0 0 (1] 0
0o}|o Q, 0 o 1 0
% LI S EE . VAR ]
- B 1 ' -0“ - A
'IGTS!V a -{ }]- 2 1 1 Q,‘ -
2 = "\ 1, = bit time before clock pulse, " No change in output fvom
] +previous nuu

lidin wiw Y : 3% !
. ! <1 .. RippleBinary Counters L1 o / b |
7 ST ok
COUNTER ' l >
ENABLE |
P 3 [] 3 ) ] i
o &
a cix K k.
$a i Ay v g o= !
™ “ 2 o v
bR 4 .-
o, v — N1 ) P;
0 1] ap— -
ar 2

LOGIC LEVELS ~

 tpey = it time after clock pulse.

74C Compatibility

¥ e Vee

“
i T ST AR
e T il 0 fassan®
g A o e
P d Noise Margin as & -
Function of Vo s
GUARANTEED OUTPUT “1” LEVEL ) 135
Vour (1)@ WNPUTS = V,, (8}
7%
Ve (1)
LR L
s
18 UARANTEED OUTPUT "9 LEVEL
Vour (8) @ INPUTS = Vi, (1) A
Ve (9 28
1.4 15
i pe
1

Siwphs g

LN TINAG 22y VL

S it

lgnmgey PR

BTG
5D §."r~n’. FIRC T )

- n‘ss‘.. Tramer@ ) PN LALKS IO MU TR L 3 i
A e WAL P A AR, 2202 Y
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litronix -

NMALUIN .

Iso-Lit 15
Iso-Lit 16

PHOTOTRANSISTOR
OPTO-ISOLATOR

“~FEATURES
1500 Volt Breakdown Voltage

14% Typical Current Transfer Ratio

IL-16 Maximum 30% Transfer Ratié-
(Equivalent to MCT-26) -

.5 pF Typical Coupling Capacitance
Standard Dual-In-Line Package

DESCRIPTION

IL-15/1L-16 is an optically coupled pair
employing a Gallium Arsenide infrared
LED and a silicon NPN phototiansistor.
Signal information, including a DC
level, can be transmitted by the device
while maintaining a high degiee of

__ slectrical isclation between innut and
output. The IL-15/IL-16 can be used to
replace relays and transformers in many
digital interface applications, as well
as analog applications such as CRT
modulation.

P;ckage Dimensions (in inches) -

\
i

- Maximum Ratings
Hium Arsenate LED
- Power Disspation ®25°C . ., .. ... v ... 200 mW
~Deste Lnsatly hom 25°C . . ., .. .,...... 286 mW/'C
Continuous Formmd Curtent , . .., .......... 60 mA .

- Poak Inverse Vollage

Pity o
A ANINN
? tALYN
3 -
. Ll AN
- CIMIRT T
» nant
1
.
oo N, =4
.
1Y
- !
vy = I_ .
]

[ Posk loverse Volloge ... apv
Betector (Sihcon Phototransistor)
Powe: Dussipation @t 25°C . . . .. .. .......... 200 mW
.. Dmate Linesily hom 25°C . . ... ......... 28N/ C
* Coltector-Emitter Breakdown Voltege (BVcgo) - . . . . . oV
_-“ Emutter-Collector Breakdown Voltage (BVgco) . .. ... . ™
. Collector Base Breakdown Voltage (BVcgo) . .. . . ... 0V
br.hqa
Totel- Package D ot 28°C Amb
WEDPus Detoctaw) . . . ............ ... 250 mW
Derate Lineaily Fiom 28°C ., .. .......... 3ImW/C
Storage Tompmnuw .............. -58"C 10 ¢150°C
Opeiaung T ol d et QACC,
> T LemiSoudermg Timew 260 C. . . .. ... ... ..., 7.0 sec
+ < Electrical Cheracteristics (at 26°C Ambient)
. ' Teost *
e Pusaenetsr "=Mm  Typ Memx Unit Cendition o

¥ 'Gnlhum Aiseride LED
Forwerd Voliage

Reverse Current . . . |

126 18V Ip-80mA
16 10 wA VR - 30

i Capacitence . . oy 100 pF VR=0
Phototrensistor Detector
Hgg 180 Vce "8 0V
ic = 100 uA
BVceo ‘ 0 75 V igc-1mA
BVECU ...... ? 12 v - 100 A
ICEQ (dark) . . & 100 nA Vcg-5SV
Ig-0
Collector Emitter :
Capacitance 2 .pF Vce=0
Coupled Charactenstics
DC Current Transter
Ratio s 08 .20 g = 10mA .~
" Vgg=10v
"6 06 .14 03 . lE=10mA -
Capacitance, Input 10 . Vceg=10v
Output . 8 20. pF .
Bireakdown Volisee . . . 1600 v D.C.
Hesistance, Input to
Output . .., 100 <11} 3
Output Rise and Fn!l MR bl | v
Tumes . .. . ... 2 m Ip=10mA
r Vce = 0V
Collecior-Emitter
Seturation Yoltage VCE (se1) 0.8v g = 50 mA
1 Ic=2mA
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afuuULn 3.
! o STLUDARD CHARACTERISTICS
MATERIAL 1cy |
1 2000 . . , - nn R stk :
1ac i20%
AY 4 -
o o . EXANMPLE OF DEMENTIONS
0. 61Nz } _ ) -
i dHiac/ Hiac'/T 1 y
(e —zo—teoe) | 107 ~5 4 :
! Te T 110 H T
x|
FREQUENCY MHz <0.2 E § D A
PR
D.F. (1 ~10min.) 10-¢ <4 y i J
d ot P 48 : ;
< L - ‘!G .
B1S G‘ 3,700 - L_ F_-)r-l- o ) L—
: g o 5 o isd c
Hems Oe 0.2 o . ) X
P fen 130 ; _
:' -
UNIT &n
A B B E D F . 1
N : . . )
ame Size | Tolerance Size | Tolerance | Size | Tolerance Size | Tolerance Size | Toierance Size | Tolerznce
LE1 1-60 +0.6 $0.6 SR =05 x0.5 | o 0.1
ornon 60.0 4.0 16.0 5 s — 25.0 80
E1 2-60 +0.9 10.6 M 0.7 0.5 £0.3
B 150 40.5 0.4 - +0.4 +0.4 +0.1
SIS I (T 42.0 14.0 : 35.0 25.0 8.5
E 1 2-50 +0.8 +0.6 (ERSI +0.6 £0.4 0.3
El 1-40 10.4 £0.4 tia 0.3 +0.4 +0.1
et 40,0 34.0 119 : 28.0 21.0 6.5
E1 2-40 £0.6 EE it o Do | xo.s 0.4 +0.3
p: ..
B 1 1430 v +0.3 0.4 - 0.3 +0.3 +0.1
—_— 30.0 26.0 10.0 . 20.0 — 16.0 5.5
E1 2-30 40.5 . 20.4 i : +0.4 +0.3 0.2
E1 1-22 +0.3 40.3 _Q +0.2 +0.2 +0.1
et ORI BT 18.6 6.0 04 1 1.0 10.6 =l 40 p———o
ET 2-22 0.4 0.4 s +0.3 +0.3 S| =o.2
E1 1-19 +0.2 £0.3 . & +0.2 40.2 5.1
_——] 19.0 15.8 .7 g 8.5 11.0 2.4 b
£1 2-19 1.0.3 ~40.4 o £0.3 +0.3 +0.2
B1 146 0.2 +0.3 i 4 +0.2 +0.2 0.1
MRS R s 14.0 , 4.0 : 12.0 10.0 2.0
E1 2-16 +0.3 0.4 e +0.3 0.3 | - +0.2
£1 1-12 +0.2 0.2 &1 0.2 +0.2 40.1
-1 12,0 9.6 3.0 2 1 8.0 5.6 2.0
B 32 40.3 40.3 ¥ +0.3 0.3 0.1
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AAntdan 9.
i - _____________——-——————_——‘ ~ ~ e
Gauy2 - Diemeter Sectional area Copper wire reeight

B.W.G.| AW.G.| S.W.G.) mm.G Twmilt 7T T mm 7 * cir. mil - ©in2 == |- o mm2 Ib/1,000ft kg/km
1 - - - 120 3.048 v 14,400 01131 7.297 4359 64.87
. - n . 116 2.946 13,456 .01057 6.818 40.74 66.61
- 9 - - 1144 2.906 13,087 .01028 6.632 39.62 59.96
T - 2.9 114.2 2.900 13,042 .01024 6.605 39.47 58.72
12 - - - 109 2.769 11.880 .009331 6.020 35.96 - 53.52
. - 12 . 104 2.642 10.816 .008495 5.481 3274 | 48.73
- - - 2.6 102.4 2.600 10,486 .008246 5.309 31.78 47.29
- 10 - - 101.9 2.588 10.384 .008156 5.262 ,31.43 46.78
13 - - . g5 2.413 " 8.025 - 007088 4573 21.32 40.65
- - 13 - 92 " 2337 . 8454 006648 4.289 25.62 38.13
- 1 - - 80.75 2.305 8,234 606467 4172 24.92 37.09
- - - 2.3 90.54 2:300 8,198 .005439 4155 24.82 36.94
14 - - - 83 2108 6.889 055411 3.491 20.85 .31.04
- o 12 - - 80.81 2053 6.530 .005129 3.309 19.77 28.42 .
. - 14 - 80 2.032 6.400 605027 3.243 1937 28.83

1
- - -+ 1 20 7874 2.000 6.200 .004869 3.142 18.77 27.93
15 -] .15 - # 72 1.829 5,184 .004072 2.627 18.77 21.93
- 13- - 71.96 1.328 5,173 .004067 2.624 15.67 23.33
- - - 1.8 70.87 1.800 5,023 .003945 2.545 15.20 22.63
16 - - - 85 1.651 4,225 .003318 2141 12.79 19.03
- 14 - - 64.08 1.628 4,105 603225 2.081 12.43 18.50
- - 16 - 64 1.626 4,086 .003217 2.075 12.40 18.45
- - - 1.6 62.99 1.600 3.968 .003116 2.011 12.01 17.€3
17 - . - 58 1.473 3,364 002642 1.705 10.18 15.16
: 15 - - - §7.07 . 1450 3,257 .002558 1.650 9.859 14.67
- - 17 5 56 1.422 3,136 .002463 1.589 9.493 14.13
- - - 14 55.12 1.400 3.035 .002386 1.539 9.196 13.88
- 16 - - 50.82 1.291 2,583 .002029 1.309 7.820 11.64
18 - - - 43 1.245 2,401 .001885 1.217 7.263 10.82
- - 18 - 48 1219 2,306 .001810 1.167 6.976 10.38
- - - 12 47.24 1.200 2,222 .001753 3:131 6.756 10.06
-t - - 4526 - 1.150 2,048 .001608 1.037 6.197 8.219
v ] - - - 42 _ 1.067 21764 .| 001385 0.8938 5.388 7.946-
- 18 | - . 40.30 1.024 T4 o075 0.8226 4914 7.313
- - 19 - 40 1.016 1,600 “%| 001257 0.8107 4.845 " 7.207
- - - 1.0 39.37 1.000 1.550 [T .001217 0.7854 4,690 6.982 .
- - 20 - 35 0.9144 7.296 | - .001018 0.6576 3.923 5838
- 19 . . 35.89 . 09116 1.288 < .001012 0.6529 3.900 5.804
. - - 90 | . 3543 0.9000 1.255 0009857 0.6362 3.799 5.656
20 > : - 35 0.8890 1,225 .0003621 0.6207 3,708 5518
21 - 21 - 32 0.8128 1.024 .0008042 0.5189 3.099 4613
- 20 - - 31.95 0.8118 1.021 .0C03019 0.5174 3.091 4.600
. - . 8.0 31.50 0.3600 992.3 .0007734 0.5027 3.004 4.489
- 21 - - 28.46 0.7229 810 .0005362 0.4105 2.452 3.649
2 - 22 - 28 0.7112 784 - .0006158 0.3973 2.373 3.532
N

- - - 7.0 21.56 0.7600 759.6 .0605966 0.3848 2.299 3.421
- - - 6.5 25.59 0.6500 654.8 .0005143 0.3318 1.982 2.950
- 22 - = 25.35 * 0.6438 642.6 .0005047 0.3256 1.945 2.895
23 - - . 25 06350 625 .0004509 0.3167 1.892 2.816
- - 23 . 24 . 0.6096 576 .0004524 0.2919 1.744 2.595
- - - |60 [ 2362 0.6000 557.9 .0004382 0.2827 1.689 2.513
- 23 - |- | 2287 0.5733 509.4 .0004001 0.2581 1.542 2.285
24 - 24 | orhc 2 0.5583 484 - .0003801 02452 1.465 2.180
- - - | 55 |1 2165 0.5500 . 4687 .| .0003681 0.2376 1.419 2112

L_. 24 - - |1 2030 0.51G5 404 . 20003173 0.2047 1.223 1.820
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