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i luau&idlrfluau (negative number) f ln i i in j69~ integer d.lL~uaauii!bjilq~i~i 

rdu (-2)3 = - 8 r (-2)-) = 1 - - -  - 

(-213 

lunirrranadikgarrnz~iuin q luphea  a x 10" $a n riin'u positive vi?e negative 
A  4 ,  

integers, a r d l h  number TSUAI?ZM<I~ 1 LLa:: 10 lfu L ? l v i l d l 9 ~ ~  n ?6qlnnQ~?I~d% 

(1) i i v i ~ u 4 1 u ? u ~ a ~ d i k g w n  n w5id~jsrBu positive integer 6m~n4141u~urav dam4 

2 4 ,  
(2) ~ l v i ~ ~ ~ i U ~ ~ T ~ U ~ 1 ~ 1 ~ 1 ~  n 'il=Gdi~%d negative integer ~ I ~ I ~ I ~ I ~ I ~ ~ ~ ~ ~ ~ Y Q ~ U ~  

d.la~vikuaz'inn'um~9uusd I 



6. Logarithms 

Logarithms G o ~ u n ~ u i u  7 61 log aosraa.iiuauIm 7 ;o oana;iiKsrdo%ln"ura"~~~n~a 
A d 4  

mu4 ~dsr~un61 j i u  (base) rr6a ~ ~ I f i i i d ~ ~ ~ ~ h r n a i i u a u r ~ u  du 10' = 100 

m'9p"du Fmui14iKmmaiuhsuu4s~ml&i61 log qiu 10 aos 100 an'i ih 2 4s~4uurflu 
v -  2'4 

TcyKnamimmsu no log,, 100 = 2 

diu9'1 log aos 100 qiu 10 r v i i f k  2 qiuaas log 6uur f lu  subscript uKs log Iuwis 
Y.. 2' 

~.ow5wduuaunisidnuan"u iog lnmsu 
w 

61 M = ax : 6sQu log, M = x 

diu41 61 M bn'in'EI a ;1Ks x xr&a log M ~ i u  a r m i n " ~  x 

systems of logarithm 

?XJU"114 logarithms ~~XJ l%n"~u ln i iF ld  2 szuu common logarithms LbAz natural 

logarithms Szuuissas6rrwniisn"uLewiz.iiuau (number) < ~ Q I ~ I " ~ L o ~ I ~ L ~ I ~ ~  common 

logarithms 7% 10 aau3iu rra"%&QKniSlnrMb 'log' rla.!~&osZ 10 oflu subscript AluFu Natural 

V I ~ O  Naperian logarithms 1.a" irrational number <safluuatauass series i&$'nwd 'e' Lflu 
C" 3 j i u r r a z d u u ~ K n ' n n m m w  'In' m7o 'log,' 

d 
niA.a"raaiiuauouusnaCalnlqin 10 uaz 'el dujiua~&aJ"alrj%uul.a"n"uuinGn r r in is  

a - 
~ g u m n i s ~ u n i s a m ~ a ~ w u i ~ m a i u i i r ~ u q z ~ o s ~ ~ r a ~ r u ~ i d  L ~ U  2 , 3 , 4 , 5  r ~ u ~ i u  i i u ~ u  log r i  

4 V 3  
1auu isnsm w s u a w s i z d i ~ u n i s ~ i  dilution i~qzlm~ndia~muazrdum~uunndaos .i irf luqz&osii - d G  e 

serial dilution 6au fold i isn"u r r a ~ q i n n i s n s z i i a u ~ n u i ~ o i u a u i r h  iog ~ & 2 i u ~ i u  fold 

2u 7 In" ~ ~ e @ z m a n ~ u n i S ~ i u a m  rdu KILS'~$I serial 2-fold dilution 6 ~ i u i s n r d ~ e r u d i  log 16 
" 

K-3 1"9% 

Dilution 1:2 1:4 1:8 1:16 1:32 .... 

Log m s s a ~ i i u a u I m  7 i iwiudsznou6au 2 dau "m integral part d~~ i l udauodu61  

nPl%uudun41 characteristic oiqqziidiriluuan~?~aflu~un"a6 5 u d a u o ~ m k r n ~ l 0 u u  dun41 

mantissa ~ s r f l u ~ a r a a % u d a u ~ u i ~ ~ q i n w i ~ i s  log (logarithms table) rmziidirfluuanraua n i s  
vol d u i d i  log qinwis7.1 log nszeiilmns; 



(1) f i i~aa4iuau6uidiuinna7 1 characteristic q d u  positive integer LLBZG~ICFJU 
* 

d U  

n < i 4 i u a u m ' ? r a ~ ~ a ~ v ~ i m ~ 1 ~ u u a a ~ r a a i i u ~ u ~ u a ~  1 rdu ~ I L ~ . U ~ I U ? U ~ U  &I 2371 asuwawu 
w 

P C 1 I  a$wfiimflQou 4 i a  iakcu characteristic q q ~ m i r n i i h  3 ~baz4if1WIsiq logarithm H i  mantissa 

dswsqfi 2371 ~ h v i i n ~ ~  0.3749 iaqtu log 2371 = 3.3749 rsaziiaraafiicqras~wa 10 ;a 

1 03374Q ~ Y \ A w ~ L V ~ I ~  2371 

(2) fi irwa~iuau~u$dlfi 'oun<i 1 characteristic qzLflu negative integer iiwzGd1 

u i n n ~ i ~ ~ u a u ~ a a ~ u ~ " ~ a ~ v ~ ~ r ~ o z ~ m ~ ~ l ~ m m ~ ~ u u a ~  1 rdu ~wv4iuau 0.00271 i ~ a m j u ~ a j  

vk~~nzZmn"Y~mm~10uu 2 m'a ~ s & d  characteristic q t ~ f i ~  -3 brazhiuurflu 3 ~IU<I 1175 3 (bar 

three) mantissa "n4  271 ~ ~ ~ l ~ l ~ f l l 9 l a  log ~ v i l i h  0.4330 ~ 4 t h  log 0.00271 = 3.4330 

nisrr?ia logarithms oenafiu characteristic Laaz mantissa ~ r i i ~ u ~ B u n i s ~ ~ ~ s 4 1 u ~ u ~ a a  

aendu 2 factors $3 factor rr~nr9uraa4iuau 10 unii&&au integer rrnGnnd~uvldsrfluiav 
d szv<ia 1 rra: 10 .aaqzcridi log %qinnisi4 iog rdu 

2.371 = lo3 X 2.371 = l o 3 x  10 0.3749 
= 1 o3 0.3749 

0.00271 = lod X 2.71 _ o ~ 3 X  00.4330 - - - 0!-3+0.43301 

$aaaj~nw q ~ n  +0.490) d qzWrauCunarOu 10 .2.5670 rraimaiuq?ara6qrOu 5 ,4330 

LWSI~~I mantissa qz6aa~Buuan~auo 
d rnsos'in~oabdnFmsQn6Cu%vaj ui.aaGn%$~idi log imz antilog 16 fi?nzaj%unid$ 

d n"i~fla41uau$uddi~wuniiu<~ v?abda characteristic %iibflufl~ b~4 i t rmsa~q~saura i  
d d Y ,  d Y 4  

characteristic 94Lual~1$lr%Fil mantissa &LBUII~~~ 9;ii%vmim~~rnq~a11~4?zu~ !og Zn1d 

nisadduudi log n~ur f iu rausssumi~u~o n i t ~ i d i  antilogarithms ?%$ni?n~un"u 

h v l l d i  log ~razrsioi';l~11\&"1inwi41s antilogarithms v?ar~f i~~dnis is  logarithms flwiu n i t ~ i  
* Y 04 diqinwis14 antilogarithms gi!mmsume vi~a143aaadsnssn"u mantissa ' ~ ~ 4 d i  log n"&a~nisui%u 

w 

mi914 antilog ar&aj?gm&au 10 uniiiE'is#au characteristic " ~ . a d i  log Cu rdu 6'i19fli9Hi antilog 

aas 1.1057 6 i r a i  mantissa ;a 0.1 057 r$uue?uwisi.a &16~araaui"n 1,276 &qz~dirvi iCu 

1.276 ~ w s i z i i  
d 

Mantissa qz \6~d i r f i uuan~~ua  rraz.ildszv4i-a 0 rraz 1 iuordrlduuafiudi antilog rr69 

q z ~ d i o d ~ z v a i s  1 LLIAO ~ w s i ~ i i  

Oz l0g  1 LLaEl = log 10 
w 

Ks¶h d l  antilog "Us 1,1057 ~ 9 L m i i i l  10' X 1.276 rYi -16~ 12.76 



rmkaedi; lnisvr idi  antilog ma9 2.6136 Ze GI mantissa #e 0.6136 Z ~ L ~ J W I ~  

~inmisi.1~:Z6Kara.a ;a 4,108 d s ~ d i r ~ i i n ' y  4.108 LWSI"I antilog aas mantissa ' 3 L ~ d l e i  
u d d  

s~V614 1 rra: 10 ~ 1 ~ 1 ~ 1 d Q 6 1 d # 7 U  10 unfhk%67U characteristic $.14L!m~Wlm9; ma 

antilog 5.6136 = 10.' X 4.108= 0.04108 

niswim'i antilog 41nmi~is log iid12Wadur"maKu Imudirn~sKu11uKun1s~1di log 
d 

41flW151.1 i e s n i s v l d i  antilog ues 1.1057 J i r e i  mantissa %I 0.1057 ~~L$O~! '~UWISI~"~;I  

r n k r r s n i w u ~ n g a h ~  1,038 4sqzwssfurau 127 4 s f i u i n g n  (1057 - 1038) = 19 4s5~u 

difference d l  21 4:W54n'ElLfiY 6 ~ s t u  0,1057 q:Wss?fubaa 1,276 ~ s f i d i r v i i ~ u  1.276 a& 

JiuigwmYau I o ?st# 12.76 

Logarithms %uni%~wbbar~ i~  
niqmaaazniswis logarithms ~ ~ ' L d b ~ ~ ~ d ~ l ~ ~ . 1 ~ ~ 0 ~ n " E l n ~ ~ ~ ~ n l ~ Q ~ i b ~ : ~ l ~ b ~ ~ ~ ~  

iil& (indices) 6.1; 

( I )  log "uwwgmuesrau2 ~ I M ~ U  rmiKuua~anme9 log u e s a a " ~  21uauGu 
" 

(2) log rneswa~is" i i~~a"i l  ;luau ami?fuuaau"lrs log ue9rau2 41uauGu 
1 

Logarithms d i ' b w " n l s p m n ? s ~ ~ s ~ ~ ~ u u  ~ m ~ n i s ~ d ~ ~ u 4 1 n n 1 s ~ ~ ~ i a : ~ 1 s a ~ u n l s u a n  

rrazau adu 

217.2X 0.0075 
4 . 1 ~ l d l  

33.71 

~inwis1.1 log r s i q z l i  

Log 21 7.2 = 2.3369, log 0.0075 = 3.8751 

Log 33.71 = 1.5277 

21 7.2 X 0.0075 
&cu log 33,71 = log 21.72 + log 0.0075 -log 33.71 

= 2.3369 - 3 + 0.8751 - 1.5277 
- 

= 2.6843 

antilog 2.6843 = 0.04834 

n l % b d ~ ~ ~ d ~ l u  (base) "uas logarithms 
d 

u1sw~~uiGma1~41aBuq:6asrdauu~1~ lop q ~ n ~ i u ~ ~ ~ ~ ~ u ~ n ~ i u ~ ~ . ~  PWOLOWI~  

~ d l . 1 ~ . 1 b d ~ ~ ~ 4 l ~ ~ l ~ ~ ~ L ~ ' ~ d ~ 1 ' L d  10 adu ~ u n ~ s ~ i u a m w i d i n i s w ~ a ~ . ~ ~ ~ ~ e s ~ ~  diiut~on 43% 2 



d d 
fold r u a ~ 6 u e u ? a r ~ a 6 a . ~ n 1 ~ ~ ? u a ~ n ~ ~ ~ w ? d ? r ~ u  ;a ordinary value KirsirelnerurBu log j i u  

B 
10 I 6  n"q:vihi antilog ! 6q inn i? i~~~ iad~~6a !m"  n i ~ a d d u ~ i u  log P;ii166qiScii'il'lh 

f luy%i M, a sbn: b bflu positive numbers 

;42u M = = a ' # M  M = bIw& b = a l o ~ , b  

~ I L L M M ~ I  b ? ~ d ~ n l ? d 8 9  q:!; 

M = a(log# b)(lo& 

%, 

&W'U log, M = (log, b)(logb M )  

n'aaEi7.J ?uni~8iiuamw~dini?rnwaa~seii.~v%.~!6sw'in'~l 43.675 a ~ i n r n ~ i ~ l ~ i d ~ r ~ u  

(ordinary value w?a antilog) qz~flu~m?!? 

Sd 0 

96M1 ~ l ~ f l 8 1 f l l T  log, M = (log, b)(log, M )  

qinfqn6q:IX M = 43."55. a = 10, b = 4 

~ ~ ~ l l d d i  log,, 4.3675 = (log,, 4)(log, 4 3 6 7 5 )  

= 0.602 X 3.675 

= 2.2135 

antilog 2.21 35 - - 163.49 

&.J;U 43.675 = 163.49 



d 4 

l un i smwf lmuu i~od i~ l u f im~d~G?n i s  r " d  n i s n m f l m ~ m i ~ ~ m u ~ 1 s m m i ~ ~ a ? a 7 m u i  

KamdiqwdFuuiwwfimu6uimaix~%u$u v?mfiuimty ~ i o u m w ~ m u ~ ~ m ~ 6 i K a m i i ~ ~ v ~ i % u i i i  
d ~ f i ~ ~ ~ ~ i 9 ~ u ~ s s ~ u ~ m w m ~ ~ u i ~  ~ ~ n i ~ i i ~ f i r i a ~ i 4 ~ 1 ? a n i s i i  dilution qz=' i luiu~wuex~u& 

2 
umu 

Origin 

~ a a d i ~ d F ~ u i 6 u  rsiGundi origin ~1?oKamdiq$um"u f i ikoiiqiuri luymqrwaaii~m 
I *  P 

i i~and i96ur f lu  undiluted v?af i i~nr f lu  dilution n1'ifk 1 : 1 ~mutu~ iu4< in i~ rm~uu~amdi~  

q~miuuuimi i~ !s  ~ i v f u k o d i ~ d ~ f l u " 1 1 m ~ ~ ~ ~ ~ f i i 6 i K a m d i ~ ~ u u i  1 nfu  iirflu solution ~ 1 %  

suspension lu  X ml A%I<IL~I~~~~I dilution rr67 1 : X r4u f i i ~ i i ' a o d i q ~ i  1 nfu {I 

susperlsion %U 10 urn. n""nrflu 10% v?m dilution 1 : 10 rflu&u 

n l ~ M " i % & i b ~ ~ ~ i ~ ~ ~ ~ n l s w " i  dilution 

n i s i i ~ f i ~ o ~ i ~ ~ ~ i m n i ~ i i  dilution %a n i ~ L ? u n " a i l % f i ~ m q i ~  (diluent) a.l~ufiamdi9 

~ f i ~ f l u i m s u i n $ u  o " i r ' i ua r6a~ i%f i f i u im~ r f l u~~~ ' i ~m~~amd i~b?u r~7~~~n~ i  i i l f i r ? m q i q r v i i  

lfurvii v ? o ~ u n < l i l  dilution 1 do rviiiu rrdu 6 i n " a ~ d i 9 ~ 7  1 mi rra"al?u diluent a9!E)qu!& 10 

ml m " ? o d i ~ ~ u ? ~ ~ n i i l f i ~ m q i q a ~  10 r v i i  f iundi$i dilution I : 10 KiGuu~fluifindau AqAm" 

1110 61 ~ I L ~ I  dilution 1 : 10 ui~iuald 1 rnl q:G ingredient 1110 aadKai?eiiqrh. ~%6161ul 

2 ml iiqrG ingredient 115 aosK?mi iak 

n " i ~ i n " a ~ d l ~ u l  3 ml r?iu diluent 7u~fiuimS 1 5  ml ~~lfUm~a8di.1 

~5uq-gni i I f iGnqiqa~ 5 r w ' i  13/15 =115} Z u n d i i i  dilution 1 : 5 rilu6u 

n"q6unls$l dilution ~mnlsr?u diluent ~fifluinSLiu$uL~u~iuaurviiamq origin 4 4  

~uurf lu8~~nwm"1hKq$ 

fii V = fiuimsyms origin 

n = d?~n&Uiyql'il.l dilution 

D = diluent 



nl7Gl dilution 1 : n ~?'ilnl?~%! diluent original V ~ P ~ R S P I ~ ~ ~ I W ~  nV 64i9~~~n14 

v -% nV 

r s d l u m i s d ~ ~ ~ ~ i q z r 8 u  diluent &flfiuim? (n - 1) V A Q ~ U  origin sample (V) I 6  
* 

fiuins%u!nM"iu nv  

V + ( n - l ) D = n V  

" ln i ; ln r j~~n i t~Gua is  2 a ~ n k i f i u i m s  v n'w (n-I) v rh6auKuoi~~cIPi r f iu  nV A 
d 1; nsicsunai~nn;la0msau~uei~Gilw"fiuims~m~4rer~uI~ ~ ~ ~ u w G ; l n i ~ w n u ~ ~ u i m ~ s a u e i ~  

qcu~nwWieun+- nv 516 i G u n i s r ~ u  diiuent qutfins~lfi~imsmiu6a;lnis $; laquni~~~oqi; l  

dpn6eq 

nisGi dilution rflurmi q bun41 dilution fold rdu n isGi  dilution 1 : 2 rrAz 1 : 10 

~ u n i i $ i i  2-fold rraz 10-fold miuAih dilution fold i~uu"ln'u ;?I 2-, 3-, half log, 4-, 5- rrRc 

10-fold n i t r~an" l  dilution fold L W ~ I % ~ ~ ~ K Y W P ~ ~  (ranges) dvi6e;lnis n"iieqni?%8un~i;l;ln" 

%~;ll$ fold Yg;l q L ~ U  10- ~ $ 8  5-folds aguiu r r~d6 in"e~n is~8u&i  q r$u n i i i  dilution 7Io;lmtu 

5nCuu"l2-f01d 

n i % i i  Serial dilution 

nisGi serial dilution nisGilw"G'ioqi;lFnu9.a" dilution fold odi;llmo~i~w~;l4mLilde 

Kuwniumk K9edi;ldu as16e;lnis~i serial dilution 718;lra~u~Wdeqe~i serum neutralization 
d 

test K ~ ~ U ~ ~ ~ A P S L Z B ~  2 fold L W B ~ ~ G I  dilution ~ ; l ~ 9 8 d l ; l % l ~ ~ l Q g $  

Tube No 1 2 3 4 5 6 7 Etc. 

Dilution 1 : 1  1 . 2  1 : 4  1 . 8  1 : 1 6  1 : 3 2  1 : 6 4  ...... 

Diluent(V) 0.0 1.0 

Origin (V) 1.0 1.0 

Final (V) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Fraction 
1 - 1 - 1 1 - - 1 - 1 - 1 - ...,. 

20 21 23 24 25 26 
2" zoo 2 '  

2-2 23 2-4 2-5 2-6 ...... 

log2 0.0 -1.0 -2.0 -3.0 -4.0 -5.0 -6.0 ...... 
miti;l%iii79Eiuirrnnq~qniTrm"~uu serial 2-fold dilution i a r d  I : I ; l  I : 64 Fmuni~ 

d d 
mm;uuuaewd I :;lwmend 7 m$;lrrsnrFiu diluent ~ ; ~ L L ~ V ~ B W Y I  2 A;IMABWVI 7 M A ~ W A ~  V, MABW 

d d d 
rrsnlddu diluent ~~s iz t8 j6eqGi  dilution (1 : 1) ~if iaedi; l~~uduwennwu;lrracw~emnae;l 

d 
waeiaz ~'qinwaa~mao~wAqinwauZw"r%iKuu8a transfer dauwnu v ~ ~ ; l w m o m d e i u  r r a " ~  



, d d  unulGr+iiKu r r l o  transfer tdvaewdi G i w q u r t s u I ~ q u ~ n ~ a q ~ J i i u  rr;a&tr~wii~u v vh5u 
d ~rn"aonqzr~~~dauwnu'0~vaaonn~ V bud%& dilution tkrrt+i 1 : 1 qu& 1: 64 O ~ J ~ B L ~ U  

w 

fraction K~rat+i I [:I - ~ s e  [:,I - n4 - Q4 [$I uarfimr(lumvunrii~~va~ 2 qdhqin 20' ~ 4 2 '  

v%"nrOu log j iu  2 l6qino.o Z.3 -6.0 
d d  A' 

nirr&m1+ dilution fold aunpvu ~ v u i ~ ~ i ~ ? u f l i m m n ~ y  $ ~ ~ a n U ' i ~ d n a i u ~ ~ u ~ u  
a r~ d a $4Yu 79m84iinit dilution fold 44bii4~in91u n i s ~ ~ ~ u u n i s ~ ~ n : n i ~ ~ i " l n " ~ ~ I d d i u ' i ] ~ r ~ u a ~ u n ' Y  

n is i1  2-fold dilution ~aad iqdo ld~dun i td7  10-fold diiution ;a 

TubeNo 1 2 3 4 5 6 7 Etc. 

Dilution 1:l 1:lO 1:lOO 1:1,000 1:10,000 1:100.000 1:1,000.000 ...... 

Diluent (V) 0.0 9.0 9.0 9.0 

Origin (V) 1.0 1.0 1 .O 

1 1  1 
Fraction 1 - -- - 

1  - 1  - 1 - 1  - 
l o v o l  lo2 lo3 1 o4 105 1  o6 

log,, 0.0 -1 -2 -3 -4 -5 -6 ...... 
r ,  d 1unisn'iuam~rdua~mJn'u dilution r f i ~ f l q r t m n i n ~ ~ u  log qinnifGi dilution fold 

d 
~ i ~ ~ u m i u n ~ ~ u n o ~ 7 ' i l ~ ' i ~ u i r ~ ~ a ~ t r ~ ' u i i ~ ' ~ ~ i u i ~ ~ i l ~ a  14 dilution fold u i r ~ u j i u  r d a ~ i  

A ' 3 
dilution A?~MUJ~? log q z r f i u ~ u ~ i i f h  +(-I) Leu8 W ~ I ~ L L ~  log j i ua r t t  inu6 log v a ~  

origin v ia I : I 0.0 rau rda i i  2 fold dilution Tin I : I ~ 4 %  I : 2 rrnz I : 4 log rviiKu 

0.0, -1.0 raa: -2.0 miuiii6u f i i i i  5 fold dilution qin 1 : 1 du 1 : 5 rmz 1 : 25 I??:!& log 
d mmi$u 0.0 rraz -1.0 rraz -2.0 rdeu$w nit14 dilution fold mu q I ? i i  rra~~oli iuam~v~sunidu 

n i s ~ i u o m r d a ~ ~ m v ~ u u s n t r ~ q i n  1 0  r g u ~ i u u e . ~  log i d e t ~ w a ~ r t i a ~ i i n n ~ ~ u i ~ i  

antilog Wtanunis14miria log ~ w t i t m i t i ~  log irawiz j i u  10 rii$u 6~~uq i6aqrd iuu  log 

<1~ri3u log y5iu 10 ~ a u r i e ~  nitrd'l'uu~gu log j j iu  10 iai1qzrd'l '~urda!6w~v~~qinnis 
d 4 4 

iiuamrr6a ~~tm'usna~mun:r~unluu~~d I ~~.iln7srdauuri3u log Q I ~  1 0  GUM n~rra7qjl"laY 

dilution fold a=tr:rn~uu~ai~ua~t+im~dlwulii log qiu 10 Wrnu nisrd iuuj iu log tgussuiu 

I~YN&~'LUYW~ I ~ u d ~ ~ z a a n a i i a ~ i r r ~ 1 2 : u n ~ ~ ' i l d i ~ n i s ~ d ~ u u  log j i u  2 rBu log giu l o  i u ~ a  

nitrdiuu 2-fold diiution ri3udauaa~ 10-fold dilution 



= -0.3 Tmudr:u?m 
" A rn a 

~ u ~ e n ? ~ d ?  2 flod dilution ~ 5 a ~ u a  q=d7Idd? log y u  10 rfjusurvi?nir -0.3 6747 
' a  " 

serial 2-fold dilution r r k n k  log q?u 10 A.ssdusun?aa= -0.3 rfluem rdu 

Dilution 1 : l  1 : 2  1 : 4  1 : 8  1 : 16 1 : 32 

1 
Fraction - 

1 - 1 1 1 1 - - - - 
loo3 loo6 loo9 1 0 1 . ~  

1 ox 100.0 10.0.~ 1 0 0 . ~  1 o'.= 1 o-'.~ 10.l .~ 

log'o 0.0 -0.3 -0.6 -0.9 -1.2 -1.5 
dl 

n ? 6 ?  dilution fold du 7 ~~asI.il fold rvrPj?urflq?u ~ ~ d ~ u u r ~ u ~ ? u  10 iKlud7ued 
dl 4 d 

r$uaKu m?~?doia!duuflna"oa dilution fold oi?a 7 d ~ u u h  nnzd? dilution factor wardauutflu 

log j ?U  I0 

Dilution fold Dilution Log dilution factor (Approx) 

2 -fold 1 : 2  -0.30 

3 -fold 1 : 3  

Half - log 1 : 3.16 

4 -fold 1 : 4  

5 -fold 1 : 5  

10 -fold 1 : lO  -1 .O 
4 mindia#~4diaurran~nirGi? serial five fold dilution r~n:n?r?m~iuarn.log ~ i u  5 rm: 

rd$ourflu log j i u  1 o 
Tube No. 1 2 3 4 5 6 7 

Dilution 1 : l  1 : 5  1 :25 1 : 125 1 : 625 1 : 3,125 1 : 15,625 

Diluent (V) 0.0 4.0 4.0 

Origin (V) 1.0 1 .0 1 .O )L 1 .O 

Fraction 
1 1 - - 1 - 1 - 1 - 1 - 1 - 

50.0 5' 54 5 



1095 0.0 -1 .O -2.0 -3.0 -4.0 -5.0 -6.0 

1°glo 0.0 -0.7 -1.4 -2.1 -2.8 -3.5 -4.2 

n?$bd$~u dilution fold ju series rAean'Pr 

"lni?Gi dilution &ari7~$a~n?iud~u"uqa%uni?d~~'2ir?i~6a~L~an fold 4 4  7 rdu 

10 fold rfludiu rrdwei?;l?=uz$q:i?a end point r~i&n~nisWn%fia::~un%n6naiurfluq~auindqn 
d 

L?in"aiui?nadiuurflu foid ii 7 16 nisrdkuu log dilution ~ i ~ ~ ~ i ~ ~ ~ ~ n d J d i 4  7 ~!&nn'ia 

uird?Vi rdu m'?aeiia$iadia 

Tube No. 1 2 3 4 5 6 7 8 

Dilution fold 1 10 10 10 2 2 2 2 

Fraction 
1 - 1 - 1 - 1 - 1 1 1 1 - - -. 

l o o  10' 10' 103 103.3 103.6 i03.9 10'' 

Log 10 0.0 -1 .O -2.0 -3.0 -3.3 -3.6 -3.9 -4.2 

~zdu !& i i r da r~ iG i  dilution Fnula" fold az1?a~Emiurderdiuuri3u fold i u  win" 
d 4d 4 d 

rdnuu dilution factor !dn7u fold l v l i  rrnz~snnzn~n~qnlnunis~dnuu dilution factor rflu log 
% 

j iu  10 hunidriavlun 

Kw.d7asznu n"iv11&~u:~miariiawdU7 &a dilution 1 : 6580 r rn~rs iq~&a&i  

titration rnq=%znisodia!:, 
W "  d 4 

n i ~ q z i i  titrate hacii.r4aa dilution I : 6,580 ~ s I A I ~ ? T ~ ~ I ! A ~ ~ ~  na rzan dilution 

fold niuir$uduna? rju ten-fold 8-1v?ula?a rfluhu n i s i 1  diiution ai?w=di!6 2 adla :a 41 
-3.8182 serial ten-fold dilution sinKmeiia 1 : 6,580 i a m i i n i ,  10 qinnisia iog r d e r s i ~ i  serial 

w v  .3 
ten foid dilution f%=!Anqu 

Tube No. 0 1 2 3 4 5 

Log dilution -3.8182 -4.8182 -5.8182 -6.81 82 -7.8182 . -8.8182 
, a ,  

v l~arq.167njec i ia~~ dilution 1 : 6,580 uii7rflu dilution 1 : 10,000 (!AT8 10.~ '~)  !bin4ld nib 

miad ia ia~  dilution 1 : 6,580 u i4 iuau 6,580 d?u r h  diluent BIUW 3,420 d9u fiq=!& 

&eii4d4ii dilution 1 : 10,000 id 
6inl?etiiaui 6,580 d?u 6a4r6u diluent 3,420 dau 

~ i n ' a s ~ i w i  6.58 dau haariu dilutent 3.42 d m  

6atu ni?Gi diiution I : 1 0 0 0 0 ~ ~ ~ ~  ~ ~ n ~ a a ~ i i a . ~ ~ 7 ~ u u ~ a i u i ~ n i ~ : i i ~ ~ i i u  7 ~ ~ u n i & i  

6bacila 6.58 UW. ar69~;'iu diluent 3.42 UW. d~ilWn"Gi serial ten-fold dilution dar?in"7=!& 

diiution ~4oiek!i! 



Tube No. 0 1 2 3 4 5 

Log dilution -3.8182 -4.0 -5.0 -6.0 -7.0 -8.0 

n?sG? dilution 4418 fold d74 '] 6~ndi?rrg?iavnntu qzrduiis=u=viiarrda= fold 
d d ruer%uv~u log,, rr&? ten-fold i~u?4mqn#e 1 .O log u&?dau q rrnuaau?i?n 5, 4, half log, 3. 

LLFIS-fold ;a 0.7, 0.6, 0.5, 0.48 rra: 0.3 log cil?ui?gu 44rduibi%~i?n?sGi? dilution Tnu% 
d " 

ni??u6? u?a?u??n$i~n"rrnumppn~e 0.3 log M%I 2-fold rn?6dra.r udn?~mn~euuiaaEi7arsi 

&eani~{? dilution ~~a=r$uRis$uin~in riu n ? ~ ~ ~ a ~ v i ~ ~ n ~ i 9 0 1 1 e ~ i a s ' @ ~ ~ ~ d i n ~ ~ n ~ ~ ~ " i ~ a u  

du6u & t ? ? ~ = 6 ~ 4 ~ a " f l ? ? ~ ?  dilution i4d dilution factor 0.15 LLa= 0.1 log du6u 
a dl 

n is i1  dilution 94 factor 0.1 ara: 0.15 log u ~ ~ i i ~ ~ i ~ ~ d ? 4 ~ 7 ~ ~  dnErmzajn~zGie~ 
" d  r 'L~daa 1.0 log i l n  dilution i~li%ieurr&? 4 i ~ G l 1 ~ 1 4  log L??~?u?N dilution fold i n  wscilean?s 

3 i = G l  dilution &a4: dilution factor rYi?<u 0.1 log r;i~~?si4du~n~iri%?4diQu 

Log dilution Dilution (Approx) Origin (V) Diluent (V) 

0.0 1 : l  1 .o 0.00 

-0.1 1 : 1.25 1 .O 0.25 

-0.2 1 :1.6 1 .O 0.60 

-0.3 1 : 2.0 1 .O 1 .OO 

-0.4 1 : 2.5 1 .O 1.50 

-0.5 1 : 3.2 1 .O 2.20 

-0.6 1 : 4  1 .O 3.00 

-0.7 1 : 5  1 .O 4.00 

-0.8 1 : 6.4 1 .O 5.40 

-0.9 1 : 8  1 .O 7.00 

-1 .O 1 : 10 1 .O 9.00 
.3.1 a h;lrs76eaniS4ji? dilution i i n  10 n4 Pw~l&~4n?s'L6~s=u=d?4n'u 0.1 log mr? 

d w -4 ~?~bi~Run~4ll?n&l serial ten-fold dilution rieu 941bin4cne log dilution 0.0, -1 .O, -2.0 Uaz -3.0 

d a i i n ~ u ~ v i ?  dilation log -3.1 ;a 1 0 " ~  bw~a"heciiafiPsbl?ws 1 dau ,re= diluent &dfluiws 

614 q fi'u n?u~rr@ol~~~urn~si~~i~uuv~~i in~io'm~?dau~sbl~~ol~un~fln"f immdwaa~sbln?s~% 

Log dilution Origin (-3.0) ml Diluent (ml) 

-3.1 2.0 0.5 

-3.2 2.0 1.2 

-3.3 1.5 1.5 



. -3.4 1 .O 1.5 

-3.5 1 .o 2.2 

-3.6: 1 .O 3.0 

-3.7 0.5 2.0 

-3.8 0.5' 2.7 

-3.9 0.5 3.5 

-4.0 0.5 4.5 
. i 

n"im"odnis&~in dilution iu du -4:4 ';.I -5.3 isin"eiilhfolurm?uun'aodi~'1di 

dilution -4.0 uaz -5.0 rrXan"JiZdmGsuu -4.4 i iq  -4.9 rmz 5.1 i iq  5.3 niundm"o.rnis16 misi.rdo!d 

~ ~ a ~ u n i n ~ d i ~ ~ ~ a d l ~ d ~ ~ u n ~ s i i u a ~ ~ ~ i ~ u i m s u ~ ~ ~ a a ' a a e i i . r r r n z  dilution ~ 4 a i u i s n ~ i ! d  
d 

Ififiolumsq rra=niuisnJildd~udpI~rm?uu dilution niu$6sqnisZ~nu'ilnrwdaldQinw 

rranqZGn6~su 

Origin -1 -1.1 -1.2 -1.3 -1.4 -1.5 -1.6 -1.7 -1.8 -1.9 

(log dilution) 

Sample 

Diluent 

Sample 

Diluent 

Sample 

Diluent 

Sample 

D~luent 

Sample 

Diluent 

Sample 

Diluent 

Sample 

Diluent 

Sample 

Diluent 



Sample 10.0 9.0 5.0 5.0 4.5 2.75 2.5 2.50 1.3 

Diluent 2.5 5.4 5.0 7.5 9.9 8.25 10.0 13.5 9.1 

Sample 11.0 10.0 5.5 5.5 5.0 3.0 2.75 2.75 1.4 

Diluent 2.75 6.0 5.5 - 8.25 11.0 9.0 11.0 14.85 9.8 

nirrm%Iu dilution fm02fic log dilution 0.15 log ~191:~81?0u~bi 2 % &a % ~ l l f l ~ i d h  

u&n?~~durk?KuKun?~~p1"suu dilution i~j dilution factor 0.1 log f m 0 n i 0 ~ 1 ~ i i  dilution 1 in  

817914 log d!d log dilution 37% 10 d 4 H O l f ~ ~ ~ ~ ~ p 1 7 4 7 4 d O ~ d ~  

Log dilutlon Dllution (Appmx) Origin (V) Diluent (V) 

0.0 1:l 1 .o 0.00 

-0.15 1 : 1.4 1 .O 0.40 

-0.3 1 :2 1 .O 1 .OO 

-0.45 1 : 2.8 1 .O 1.80 

-0.6 1 :4 1 .O 3.00 

-0.75 1 : 5.6 1 .O 4.6 

-0.9 1 : 8.0 1 .O 7.0 
3 p 1 i r i a h ~ d i ~ ~ ~ ~ ~ ~ i s ~ ~ d i h ~ B P O u 1 l  dilution 4 4 s  dilution factor 0.15 log 

Origin -1 -1.15 -1.3 -1.45 -1.6 -1.75 -1.9 

(log diltion) -2 -2.15 -2.3 -2.45 -2.6 -2.75 -2.9 

-3 -3.15 -3.3 -3.45 -3.6 -3.75 -3.9 

Sample 0.4 1 .O 0.5 0.5 0.5 0.5 
. . 

Diluent 1 .O 1 .O 0.9 1.5 2.3 3.5 

Sample 0.8 1.5 1 .O 1 .O 0.75 0.6 

Dlluent 2.0 1.5 1.8 3.0 3.45 4.2 

Sample 1.2 2.0 1.5 1.25 1.0 0.7 

Diluent 3.0 2.0 2.7 3.75 4.6 4.9 

Sample 1.8 2.5 2.0 1.5 1.25 0.8 

Diluent 4.0 2.5 3.6 4.5 5.75 5.6 

Sample 2.0 3.0 2.5 1.75 1.50 0.9 

Diluent 5.0 3.0 4.5 5.25 6.9 6.3 

Sample 2.4 3.5 3.0 2.0 1.75 1.0 

Diluent 6.0 3.5 5.4 6.0 8.05 7.0 



Sample 2.8 4.0 3.5 2.25 2.0 1.1 

Diluent 7.0 4.0 6.3 6.75 9.2 7.7 

Sample 3.2 4.5 4.0 2.5 2.25 1.2 

Diluent 8.0 4.5 7.2 7.5 10.35 8.4 

Sample 3.6 5.0 4.5 2.75 2.50 1.3 

Diluent 9.0 5.0 8.1 8.25 11.5 9.1 

Sample 4.0 5.5 5.0 3.0 2.75 1.4 

Diluent 10.0 5.5 9.0 9.0 12.65 9.8 
d 44 d fll'?LPl?uu dilution 4 4 5  dilution factor 0.15 log Qn?svlw e l ~ u i ~ ~ k ? n n ~ ~ ~ ~  2-fold 

d ' 
dilution 2 series a.ll"su&u~in 100% baa:: 75% m1u61gu iurde~lrai 2 series $u.rw$ugut?~::!6 

d 
dilution series @ d ~ ~ n l f h  0.15 log 

Series A (0.3 log) 100 50 25 12.5 6.25 

Series B (0.3 log) 75 37.5 18.75 9.375 

do~iui~sua5un'~:!~r3u~d'ils"~~un'm1~1iim'u~.r~ We 100, 75, 50, 37.5, 25, 18.75, 

12.5, 9.375, 6.25 ~lbl6167.i Siy4~~da: dilution G14nid 0.15 log 

v%~hunlsGi undiluted sample u l u ~ u h  diluent ~ I U ~ ~ S I ~ ? U ~ I ~  1 LWd'illfl6L~ld 

1dB~1~'16664+14~'16ii7:~6 dilution 445 factor 0.15 log du~;u?iild m i s~~h~ i i ~~ i f l um im  

~ ~ P ~ J L W ~ Q L ~ ~ O U ~ ' ~ ~ U ' ~ . ~ ~ ~ ~ ~ Z W F ~ ? W L ~ ~ ~ ~ L ~ ~ ~ L ~ ~ ~ " L % ~ ~ R ~ ~ & Q . ~ ~ ~ ~  

Percent Conc. 70 50 35 25 17.5 12.5 8.75 6.25 

Sample 0.7 0.5 0.35 0.25 0.35 0.25 0.35 0.25 

Diluent 0.3 0.5 0.65 0.75 1.65 1.75 3.65 3.75 

Sample 1.4 1.0 0.7 0.5 0.7 0.5 0.7 0.5 

Diluent 0.6 1.0 1.3 1.5 3.3 3.5 7.3 7.5 

Sample 2.1 1.5 1.4 0.75 1.05 0.75 1.05 0.75 

Diluent 0.9 1.5 2.6 2.25 4.95 5.25 10.95 11.25 

Sample 2.8 2.5 ' 1.75 1.0 1.4 1 .O 

Diluent 1.2 2.5 3.25 3.0 6.6 7.0 

Sample 3.5 3.0 2.1 1.25 1.75 1.25 

Diluent 1.5 3.0 3.9 3.75 8.25 8.75 

Sample 4.2 4.0 2.45 1.5 

Diiuent 1.8 4.0 4.55 4.5 



Sample 

Diluent 

Sample 

Diluent 

Sample 

Diluent 

Sample 

Diluent 



d a* , 
1uumus:ndiaii;l n~rAiuamunqinn~smpIaouXavafi[ili;l q flr;uii i%aw4irflu 

.. 
d i n ~ u ~ d ~ ~ ~ i u ~ n i n i s m " ~ u q . u n i ~ ~ ~ i  daur~1~~arraz~umeunifd~u%v89ni?~1naauiu q 

qt?lrjnsjia;O;l~ud$ 

1. n i 9 ~ 1  Median Effective Dose (MED W% ED,,) 

~u f l f i u~eun isu iua  (effectiveness) nedoi?nsz@d (stimulus) do biological subject 44 

dpl .4 naubuaab~~drruuvod quanta1 response s=aa lu~daruusaa f i u i  stimulus mueum$m 441 
" 

4 4 91" 

~w"riimuauan'Lu subject 6auuw d u n i i  minimum effective dose u?an"Lnun<i;l"oi;la'i 
9- Cl 

minimum lethal dose (MLD) r r o i n im i~n~as~~~dmi~d~~~~r&a~ f l u~d~m"u inu in  k d u i s I 6 i n ~ t  

rl~~rlq;r'i"snisr~uni~~~i~uim~e;r stimulus d ~ i . 1 G r i i ~ u n  50% ~ u ~ o v ? i l f i r i i m ~ ~ l u  
d P' 

population nmvuq ~ m v a i ~ ~ ~ i ~ ~ i u a ~ ~ i n ~ o ~ n d i i ~ i r " ~ ' i ~ u a ~ i ~ u ~ ~ a z ~ ~ ; l  500% ludiq: 

n i i a i i a n i ~ u i  MED diiou13fium~luflq3flu 

.naJiwanismmaau ( m i s i d  I) ~ i 2 ~ r ~ u ~ a e d i ~ ~ ~ o ~ i u a t l d n i u 3 ~ n i ~ d i ~  q dard 

mimud 1 wani~nnaauds~3mfniw.nm;l stimulus Pie biological unit 

Column 

3 " a  ~ ~ d m ' ? o d i ~ r d l a n i n i ~ m ~ ~ a ~ ~ a a d i ~ ~ ~ u ~ ~ " s u u ~ ~ ~ n a i ~ ~ ~ u $ u  4 s-6u 'Fie Log dilution 

k u h  -5 & -8 (column 1) ~ in immf iou1u experimental unit naiurb4u'ran: 22, 24,22 rm: 23 

v d a h m i u i i ~ u  (column 2) rrazI&wa positive L L W ~  negative miu column 3 rmz 4 

~ia~~:!~iwa.o'u6!diiuamwi ED5, m i ~ ? ~ h i 4  q d ~ ~ u ~ $ ~ u d a ! d  

1 

Log dil 

-5 

-6 

-7 

-8 

2 
Total number tested 

22 

24 

22 

23 

3 
I 

Number positive 

4 

Number negative 

22 

21 

8 

1 

0 

3 

14 

22 



1.1 n imi  ED, fwu33 Reed and Muench 

~ B I ?  Log ED, = Log dil 2 d (proportionate distance) 

4-1 Log dil = Log dil riouu?ou& cumulative 50% 

d = Log dil factor 

Proportionate = 8mdqumo4s:u:?:uiq4 cumulative fiouu?nu& 50% 50% 

Distance dos:u:?:udi4 cumulative positive finurm:u&! 50% n i ? ~ i  
-4 d 

ED, lmu# Reed and Muench d %ii~bi 2 ?a ~o 

(A) Log ED, = Log dil rinu cumulative positive 50% + d (&FI~~uYIQ~~:(I: 

?:uii4 cumulative positive nnu 50% n'u 50% des:ur?:ui?4 

cumulative positive finul~a:ui% 50%) 

(0) Log ED,, = Log di lv64 cumulative positive 50% - d (&rnd.ru¶io.r.r:oz 

s:uii4 cumulative positive 50% 50% d0?:0:?:~i14 

cumulative positive finullA:u64 50%) 

- - -6.726 Ans 

-1 -4 iiuAni?nmeau~inmi?i~n 1 ~ i ~ i u ? ~ l d ~ ~ ~ ~ n u i  percent cumulative positive 6% 

~146146 

4 (0) Log ED,, = - 7 - (-1) (50 - 34.6) 
90.9 - 34.6 

Log dil 

-5 

-6 

-7 

-8 

- - -6.726 Ans 

* 
(A) Log EDm = - 6 + (- 1) (909 - 

90.9 - 34.6 

Number 

Positive 

22 

21 

8 

1 

Number 

Negative 

0 

3 

14 

22 

Cumulative 

Positive 

52 

30 

9 

1 

Cumulative 

Negative 

0 

3 

17 

39 

Cumulative 

% Positive 

100 

90.9 

34.6 

2.5 



1.2 ni899i ED,, ~ R U %  Arithmetic Method 

- - i ( A -  B)(C + B) 
i p s  Log ED,, Logdil -- d 

2 AD - BC 
.d 
"a Log dil - - Log dil fiau 50% 

d - - Log dil factor 

A, C - - Cumulative Positive 

B,  D - - Cumulative Negative 

e81"7s&. Valid a& A > B rmz C < D 
d 

~iuan?twmaauqinwi?i~m 1 ~ 1 6 1 u a l l d ~ a i ~ a ~ i  Cumulative Postive LLa: Negat~ve 

30 ara: 52 mi81AiKu ~ITVI Cumulative Negative n"viil8mudiuasr3uarYu ? i n  -5 $4 -8 &I 0,  

adaiinwmdiuas A, B,  C am: D Kqdo~ei$ 

a i a ~ ~ d 7  Cumulative Positive LLR"egative bm$a fh14uwd7 A, B, C LLW: D $9 50% 

Log dil 

-5 

-6 

-7 

-8 

* 
&Gu Log ED,, - - -6--~1----- 1 (30-3)(9+17) 

2 (30x17)-(3x9) 

- - -6-0.5 (27 x 26) 

483 
- - - 6.727 Ans 

1.3 nisvi ED,, PmU% Spearman - Karber 

I41 Cumulative Positive i 7~8 iT rn~?781~1~ '2u  Positive IEEWqlfl 8 $9 -5 ~ Q ~ Z ! C %  I ,  9, 

$ m t  Log ED,, - - X p = ~  + - d - ~ E P  
1 
2 

X p = ~  = Log dil ~s$~$I$R@ 100% pos~tive 

Cumulative 

Negative 
Number Postive 

d = Log dil factor 

P = proportion positive ~a.lrr61a = Log dil 

Number 

2 1 

8 

22 

Curnlative 

3 

17 ;4 0 i 0 

Negative 

1 22 
-- 

39 
7-- 



d s 
EP = un?auua;lril P & L L ~  x,=, tmzqn 7 dil m~.~~lub! 

hunnlsnmaauqlnnisiqd 1 U I ~ I ~ Q N ~ B L ~ B V ~ F ~ I  ED,, h~?; Spearman-Karber 
" 

84d 

Number in gr.(n) Number Positive Proportion Positive 

0.875 

-5 22 22 1,000 

I Number in 1 Number 
Log dil Percent Positive Probit* 

group Positive 

EP = 2.282 

36.4 Lrn:: 4.3 7l.i dil -6, -7 LLRZ -8 Pllu~l ik  Y Y L ~ ~ ~ I  percent positive ~ I L J M I ~ ~  probit ~un7siq 

Transformation of percentages to probits I I ~ M C ~ I B ~ W U N T ~ ~ T : : I ~ " L V ; ~ ~ ' ~  6.15, 4.65 bta: 

3.28 niuBi%~ 

1.4.2 ~ B W V I I " ~  ED, T7nh7 probits Lwti iQ 

LWSI"I 50% 431i1$9n'u probit tn7& 5.00 
d 4.4 a asaiuisnvi!X 2 as no 

.4 4 Y 34 
(A) 6 l d l  probits I d  plot graph h log dilution BdSU coordinates ASU AB 

(-8, 3.28) (-7,465) tam:: (-6.6.15) r a & ~ w i r ~ u m s s s = M j i 4  coordinates $4 3 
9 

q'In<pa ~ l n ~ ~ p a m ~ . r 9 l n  probit 5 aulun'ysanu X $PI regression line 1ln 

w 

6ak Log ED,, = -5 + 0.5 X 1 - 2.282 

= -5 t- 0.5 - 2.282 

= -6.782 

1.4 nisui ED,, gnu?; Probit transformation 

1.4.1 Mi61  Probit (probability unit) 111-1 table 

22 

21 

-7 8 

-8 ::u, 1 

9 7 n ~ ~ n l ~ M ~ ~ ~ ~ ~ l n ~ l ~ l ~ ~  1 ~ 7 ~ 7 d 7 ~ 1 ~ ~ 7  percent positive ~rilfiu 87.5, 

100 

87.5 

36.4 

4.3 

0 

6.15 

4.65 

3.28 



C RgL$SPJbL?OL$YL\ MU1CyLvCBILhLPbLb = N 
rn 

ueau = w 

j!qold a! a(qe!Jeh iuapuadap = A 

l!p 601 a; alqeyeh iuapuadapu! = x 
uns = s 

t n_u~y~y~ x 5~4 A e~~iyw~k adois = q 
f- 

ewttg ri 

~y9,k anel nl-' L~~LJ~~LMIA J ~ynn~4n~gpl~$kggee~uky~prapb~c~pe P 

(sa~qe!~eAtuapuadapu!) -s~~s~IIL~~~~~~IP~MM[!z~ (salqe!leA luapuadap) 

KLUS~IL$ ~~kcneynp~b (p~n&~pkv~y) lua!s!&aos uo!iela~~or, = J 
' -F * 

""!+I - (a) o&n_sla+? PJ~~~L~~IAIISLUZUII~~=~~~RU$~~~ 
m .x 

uo!ssa~ba~ Jeau!l ceib (xq + e = A) 

uoilenba uo!ssa~6a~ z@n (q) adojs '(A) iua!o!yaos uo!ielauo3 L~LMPUL~L~~~ (a) 
vb E cg saieu!p~oos rLplazs 

.x 

cs~n~rnrapr~ura~~on~pi~envy~~~w~ucaibreyub~~eu (t IA@) 8.9- 
rrp- P 

nu~$sylxa ,. P OSa3 607 eu PF ~lv~ub a PU x ~U~IU~~MUL~~~CSYP~~~ULMP~U~ 
.' R 

uo!inl!a 601 

9- 9- ''a3 L- B- 



;id1 Log dil abaz probit qin+m 1.4.1 uii~uawim~dmm ED,, dm!d 

X x2 Y u' XY 

qindi X ~ba:: Y ~ i u a w d i ~ m ~  x2, ?, XY, S L L ~ Y  M ! ~ W I ~ J W I ~ I ~ ~ I ~ Y ~  dau N %I 

- 2.87 - - = 0.9997 Ans 
2.871 

5% level of significance aaaz degree of freedom rvilfiu 1 (n-2) h?%$3f14d!&4i d l  probit 

(y) fifiV18uw'u~log dil (x) 8?.il;l%~~ln'ry~14fi~? 

dm!d V I ~ I  slope b wiuiws 



' 2  n?iuvlu?uses b = 1.435 fla rdadi log dil ~ % u s u  1 ~ d u  47n -8 iflu -7 (-8 + 1) "7 

' 2 
probit 4:rfiuvu 1.435 

h'il!dGidi b ! d ~ ~ ~ u d u  regression equation 

y = 4.6933 - (1.435 x (-7)) + 1.435X 

= 4.6933 + 10.045 + 1.43% 

= 14.7383 + 1.43% 

4:'l&munis regression ;a 

Y = 14.7383 + 1.435X 

rsi i iv-~di ED,, 'lamu 50% response 4"iidlns.a Y = 5 Giuirmudiiiq:Vi 

I&#Q Log ED,, = - 6.786 

2. nls9rll Virus titer 'illn33 ~ laque  techniaue 
%. 

4- Q asuniuisnGiu113nir Virus titration Fmu Plaque technique, plaque reduction test 

aaa:aiuisn~iuid%5unisGu bacterial colony 16 

~innisnola.iluu"oa?w~~!dd4i~flu~~~iuni~~~u~m We 

1. dilution uQ.a~?.ildi~d1.a" 

2. inoculum 

3. hd?u plate ~ $ 3  petri dish $!%ha dilution 

2.1 n75P117 titer glilu conventional method 
d .. 

Kaedi.aw 1 aaan.a~?"li~rji.aTlFmu inoculum = 0.2 mi 

d 
inoculum = 0.2 ml rra~1.a" 3 plateldil d~ column m 2 4:rflld~iu?u plaque dn~u!flu 3 plate 7m.a 

I 
Log dil 

-5.6 

-5.9 

-6.2 

-6.5 

~ ~ n & ~ ~ d i . a d i ~ u n i s  titrate virus ko?% two-foid dilution &.ar~i -5.6 ;.a -6.5 

I Average plaque 1 Log pfu I Titer 
Plaque per dish 

20-24-12 , 

5-6-1 0 

3-5-4 

2-3-3 
s 

per dish ----- 
18.67 

7.0 

4.0 

2.67 

per 0.2 ml 

6.87 

6.75 

6.8 

6.93 
" 

Log pfu10.2 ml 

6.84 



d 
aaPi8"ilution Column n 3 Cdu  average plaqueldish %uLbi8"ilution bdui -5.6 = (20 + 24 

+ 12)13 = 18.67 \u column i 4 afluni~wi log pfu (plaque forming unit) ~ F I  inoculum \UaLi8" 

dilution adu< -5.6 

Log pful0.2 ml = -5.6+ (-log 18.67) 

- - -5.6 - 1.27 

- - -6.87 

% ~ ~ l ~ F I 4 ~ ~ ~ 9 < 9 J w i d i  log pfu10.2 ml. am4 log dil -5.9, -6.2 La8'. -6.5 Ig~Prii<u 6.75, 

6.8 aw= 6.93 miuGiKu 

n i m i  titer vesbYti log pfu10.2 mi ~LLW["IS!%U column d 5 T m ~ w i 6 1  average V F I ~  

d 1 % ~  column $ 4 t 4  4 d l  ~ ? u ~ F I  (6.87 + 6.75 + 6.8 + 6.93) 14 = 6.84 '74.1~6~ virus titer 

pfu10.2 ml 

~ 9 m d 1 9 i  2 bdUb~fl969,1&~fh~$ 1 ~ b i \ %  ten-fold dilution &%16 virus titer 10''' 

pfu10.2ml 

Average plaque Log pfu 
Plaque per dish 

per 0.7 ml Log pfu10 2 ml 

11 2-1 08-98 

2-3-2 2.33 7.368 

2.2 ni'd61naam Virus titer bid$ weighted mean factor 

T = total number of plaque counted 

N = number of dishes per dilution 

d 
h d l s w  3 (inoculum = 0.2 ml) 

Log dil 

-5.6 

-5.9 

-6.2 

-6.5 

M x W  'pl'i virus titerlinocuium = 
d pfu 

T 

97 

Plaque per dish 

20-24-1 2 

5-6-1 0 

3-5-4 

2-3-3 

M 

32.33 



W = weighted mean factor 

d = lowest dilution counted 

Weighted mean factor for !wo fold dilution of virus 

For count over a range of 3 dil it is 4 + 2 + 1 = 7 W = 417 

For count over a range of 2 dil it is 2 + 1  = 3 W = 2/3 

For count over a range of 1 dil it is 1 = 1 W =  1 

~ i n ~ a d i ~ h ~ ~ u r r i E ; i u a m  T (4quau plaque $Cu'l&?wurn) aviinir 97 ~ r ~ ~ i i u a m  

M 76 (9713) in'lfh = 32.33 
Y 

84Cl.4 virus titerl0.2 rnl = 
32.33 x 8 
15 x 1 o - ' ~  

4 h a d i m  4 (inoculurn = 0.2 rnl) 

I Log dil I Plaque per dish I 

Weighted mean factor for ten fold dilution of virus 

For count over a range of 2 dil it is 10+1  = 11 W =  10111 

For count over a range of 1 dil it is 1 = 1 W = l  

am9 virus titerlinoculum - - M x W  
d 



2.3 nisiiuanr virus titer 6aij~mimwYa constants 

~ldnl?~lld?61d~i virus titer U D ~ L M G B ~ I ~ ~ I M ~ M  plaque d~uirrtirr69 ai?rrdsiu 1 
dsznaubiw 

1. i l ~ 9 ~  dish vie dilution 

2. i iuw dilution d~auni r~u  plaque 

3. lowest dilution dl% plaque 
d 

4. Volume ~.rm.r~~awi:~nnGml(il~n~~G~vu~ 

~ n ~ 1 ~ l r r 1 r m ~ ~ ~ l i l l f i ~  constants ~IVI?U $9 1, 4 LLFI:: weighted factor rdDR?lb, 

r~rnr%lunisku?m titer 

14 Total number of plaque count = T 

Log constant = K 

Lowest dilution = d 

l i l  Log,, virus titer (pfulml) = Log,, T + K + log d 

nlsrmIiruu Table of constants (K) 

'1fi W = weighted mean factor 

V = volume of inoculum 

d = lowest dilution 

T = total number of plaques counted 

n = number of dishes per dil 

llnqmr nlsul virus titerlml Cmiru weighted mean factor 

Virus titerlml - - M x W  
V x d  

. T  W  6 % ~  virus titerlml = - x - 
n  V x d  
T W I  - - - X - X -  

n V d  
W 1  = T x -  

n x v X d  

1  LO^ virus titerlml = log T + log [&I + log 2 
w 

term - dsznouhonirrdsdi~ 1 iiu?unisbiiu~mdi constants : 
n x  V  



~ ~ W Y I J  weighted mean factor !&ndia!~ulilauk.&"ld n~rAiuamdi constant L& 
rlil?PTuurflu Table +1!3m~Aiuarn~id7 K liliuKa14ab~d~dig 7, idu n??nmdau$~$3 dishesidill% 4 

dilution inoculum = 0.2 ml, 2 fold dilution 

W - - 8 
- (Gu plaque 4 dilution) 
15 

Log K = -0.051 

Table of Log K for two fold dilution of virus (0.2 ml inoculum) 

No of dishes I No of dilution over which plaques were counted 

Per dil 3 4 

0.699 0.523 0.456 0.426 

0.398 0.222 0.155 0.125 

0.222 0.046 -0.021 -0.051 

Table of log K for ten fold dilution of virus (0.2 m inoculum) 

I No of dishes No of dilution over which plaques were counted 

Per dil 

Ka4a.ileiig ~76n~nwn~. i l d iG !  3 2 2  ui i iuamui titer Fnu'L4' K 

Log pfulml = 
1 

Log T + log K + log - 
d 

- - Log 97 + (-0.051) + 5.6 



- - 1.987 + 5.6 - 0.051 

- - 7.54 

Kaediq di%eMalin6aadiq 4 %a 2.2 u i i iuaw~ i  titer tmu%%K 

Log pfulmi = Log T + log K + log1 
d 

- - Log 358 + 0.177 + 5.0 

- - 2.55 + 0.177 - 5.0 

- - 7.73 

2.4 n?~R?olanr virus titer &a weighted mean number 

tns Log virus titer pfulinoc = Log D+log T-log EW 
d rue D = highest dilution counted 

T = Total plaque counted 

W = weighted number 

Weighted mean  number ge 4iuau dishesldil X ~ luau~~ luas~a lur$u~u~e  D 

fiaoiiai I (inoculum = 0.2ml) 

Log virus dill Plaque per dish I T  I W E w 1  

9 

rmlcu 3 uigmm"au~iuaurdiue~maiur~u%uua~ dil cun"Pr highest dil (D) ~"d; log dil -5.6 7'. 

dmaiudu%u 8 r m i  uoq D K~;U W BIM?~ log dil -5.6 ;a 3 x 8 = 24 ~u~iuaqc&~ak! W 

Y 

W 6wuml:ailu EW = 45 
" 

6 4 5 ~  Log pful0.2 ml = 6.5 + log 97 - log 45 

= 6.5 + 1.99 - 1.65 

= 6.84 



k~"7ediqfl 2 (Inoculum = 0.2 ml) 

Log virus d ~ l  Plaque per dish 

2-3-2 

Vld7  T. W LLA'. EW b h ~ ~ u a f u ~ ? ~ e i i . ~ d ~ i & 7  
%. 

K46l.I Log pful0.2 ml = 7 + log 358 - log 333 

2.5 n'Is6'Ipraw virus titer Pn-?.I%'dYtable of constants 

~ ~ ~ U U q i n  weighted mean number qintFI4 

Log pful0.2 mi = Log D + log T - log EW 

q=dul6<im'aards"m ~19d7l.I dishldil (n) ~~fl;iild?ld dilution $GU plaque L9lfIIUlTfl 

LFI~UU~I constant (K) 1~6~6aw4wiebI6 

aw. K = log EW 

fiuuii)~+ two fold dilution I# 3 dilution dilution 1= 3 dishes 

w 

546l.I log EW (K) = 1.322 

m X i 4  constant (K) $ . ~ a ~ ? ~ s l q - < n  weighted mean number ~ I V ~ U  two fold dil bla= 

lnoculum = 0.2 ml 

Log virus titerl0.2 ml = log D + log T - K 

= 6.5 + log 97 - 1.653 

No of dishes 

Per dil 

6qi7edia u"eyaqinn'?neiw$ I %FI 2.4 
I--- 

No of dilution over which plaques were counted 

1 

0.000 

0.301 

0.477 

0.602 

2 

0.477 

0.778 

0.954 

0.079 

3 

0.845 

1.146 

1.176 

1.477 

1.322 1.653 

1.447 1.778 



= 6.5 + 1.986 - 1.653 

= 6.834 

~u61wa~s~uan'w~rifiiblisnb[iliuu table of constants (K) ~ I U &  tten fold dil Tmuii 

lnoculum 0.2 ml 

3. nis'tr1idi SNgD llB9 Plaaue reduction test 

1ufllswAfi89%8d virus stock 4916 titrate L ~ f i m s i Y  titer L L & ~  ~ I W I  dilute k81rnbi 

working virus w i ~ w $ ~ ' i l a n i ~ ~ ~ u n i s m ~ w ~ ~  Tin working virus !! JIP~IY~[~~~~FIYUI~~Y 
A v -  

~ n t i b o d y  Y[ilu plaque reduction test ~lsldz$uaKu titrate ?a% :daui titer wuw.lfa6au 

No of dishes 1 No of dilution over which plaques were counted 

~ a e e j i a ~ s ~ d u f i r n a n i m  SN,, Pmu Plaque reduction test 

w i n ~ h a d ? ~ ~ r 8 u n i s  titrate working virus 4.1 dilute ? i n  stock virus 

Per dil 

1 

2 

3 

4 

Log pful0.2 ml 
Log dil Plaque per dish 

per dish of undil virus Log pfu10.2 mi 

-5.6 20-24-1 2 18.6 6.9 

-5.9 5-6-1 0 7.0 6.7 
6.8 

-6.2 3-5-4 4.0 6.8 
Titer 

d hod14 Jii'i)9;fisinAodi~m 2 $9 2.4 

Log virus titer!0.2 ml = log D + log T - K 

= 7 + log 358 - 2.522 

= 7 + 2.55 - 2.522 

= 7.028 

1 

0.000 

0.301 

0.477 

0.602 

2 3 

1.041 

1.342 

1.519 

1.643 

2.045 

2.346 

2.522 

2.647 



m~?~qh;ld?;l{rfluni?rbanqwani~iu plaque ? i n  virus serum mixture unxrlmani? 

6lu?Ild~17 serum titer (SN,,) 

Log serum dil 

(x) 
-2.9 

-3.2 

-3.5 

rflu average plaque per dish (2 + 3 + 0)13 = 1.67 J l d l  1.67 d L d ~ U ~ b f l ~  log10 7:Idi 0.22 

I -4.1 

&?U 1.8 ?:I& log VsNo ~ G l r h  -1.58 

Plaque per dish 

2-3-0 

4-4-8 

10-6-1 6 

~IHFU log VSNO daauwaviissleq log virus survive q l n  neutralization (column 4) nii 

d 
'luaria: Log serum dilution A ~ u a m v i  Log VsNo I&& h a f i w  M -2.9 colum d 3 7" 

28-24-25 

log u a ; l ~ ? ~ f l $ ' l u u  serum dilution rfhd final virus concentration b.4 virus serum mixture 

Average piaque 

per dish 

1.67 

5.33 

10.67 

lnu working virus titer (6.8 - 4.7) = 2.1 rdawrlutu serum ~ufiu~~ldrYii?fu final virus 
d 

conc. I:LVI&~ (2.1 - 0.3) = 1.8 m'9:rflu Log Vo &'l"iiflunY?auewnqin Vs uaarrin: Serum 

25.67 

dilution 
d d d 

wa~iu?mnourr&? mium~owh;luu$ n"7rZA coturnn n 1 varflu log serum dil rra: 

Log suwing V. 

pful0.2 ml (Vs) 

0.22 

0.73 

1.03 

log VsNo (column 5) r i l u h r r d s ~  rw: y sled linear regression ~aflqd~$~~u!6.a'w~7u$nn!;l~e 
I I 1 

Log VsNo (Y) 

-1.58 

-1.07 

-0.77 

1.41 

Log serum dil (X) Log VsNo (Y) 

-2.9 -1.58 

-3.2 -1.07 

-0.39 



A 4 ad 4 

9 i n ~ v i i i  SN,, 5N~fluhi x L& y = -1 %?ii!K 2 95 ma 

1. bIfl"i?$~~n?id miUidd 2 ~ f l f l ~ i n L f i ~ m a ' 4 ~ 1 ~ ?  coordinates $4 5 &a (-2.9, 
* d 

-1.58), (-3.2, -1.07), (-3.5, -0.77), (-3.8, -0.80) ran: (-4.1, -0.39) q i n C u v i i i  x run Y = -1.0 
2 
%49~!m" -3.42 9 = & 4 l n m r ~ u ~ i n i s n i n ~ ~ u  regression line ~u~9aii~~!bi~iflLnun"ir&uuL~uun'y 

xd! I 

2. Tmernisiiuamvi regression equation 

y = a+bx 

~181%'2 1.4.2 (B) 9:!6 

a = -4.01 

b = -0.98 

r = -0.95 

= -3.42 

1 Cuia SN,, = v& - 
1 o3 42 

= 112,630 (1 : 2.630) 
d 

91~~15 '14  correlation coefficient m 5% Level of significance df(3) il r = 0.878 

:dd 2 bbaaqniswi SN,, 9nu54s~3uunsirl 

I (-2.9, -1.58) 

-4.1 -3.8 -3.5 -3.2 -2.9 

Log Serum Dilution 



w?i? I3  
luum~q=l&nd~a~.rlc'i'i~la"eiou q l u~ iu?a in i s~an iw&mi  nisrlcuaq=rBuldlu 

* -4 
;drruudrranqrvlqwnd4ir~urGi6u i i v?us iunz i8und q q = ~ d ~ a n ~ ~ % u d %  ~~Diqzruua~ni? 

~ lpd?c ld~f l~LdT8;1~1~~ 

~umuw:s 

d7i%rnm (Observation) #a ~ i " ~ ' ~ w n ~ i n n i ~ ~ ~ ~ n r n ~ i n n i s m n n ~ v " s a ~ i n n i s d i a  ~du 
a Y 

'Lunisrrn~uu chick embryo fibroblast Lua cell ~~af iu~u1anr~iz~~&?PdYu~iuau~a~64 'UanlA 

r ~ n & ~ i u ? u  2.56x107, 4.87x107, 1.49x108 brat. 3 .65~10~  miuiiKu i~iuau~aa&rrDin=di&a 

i75q~nrn~~inzt=iiiuraq 

nq~diaqrnm1uniswmsaqw6q 1 Psunii +jays (data) i ~ n w m z i i a  r n ~ i u ~ ~ ~ ~ s  
d 

(variation) hi5~mm~dnaiufiu~Lds~ h n i i  Variables mrs i Ia"8~6 'nwdx rrmu bdu 

x, - - 2.56~10~ (Celllbottle) 

x, - - 4.87~10' (Celllbottle) 

x, - - 1 .49~10~  (Celllbottle) 

x 4  
- - 3.65~1 o7 (Celllbottle) 

4 d 
K?i?rrds5maqaunna mirrd4Diarua;l (continuous variables) rdu h1&16qi77nn7skqmaqa~m 

2 4 ,  a rflun"u ~ ~ d i ~ v l d ~ u q d ? ' u n i ~ ~ q  ?1k11uIufi8u ((range) 6u7 rrn~mirrdslaii~ruaq (discontinuous 
2 a w *  4. 

variables) rdu ~ iuauqmuuv l%i~nrd i  aqubrwuq 1.2, 3 ,4 ,5  rrec. 6 rniPdYu rflun"u 

maiunszqlu (distribution) 6'arrdswd~~~u!d16i;I q nv9d arsar6szdiq=dsing 

luds~~insr8ulrsuimuin6audi.1 q Ku nisdsinguin~auluds~~insPsun~~ m?iud 
3 

(Frequency) ~nw~znisd4ing91u~uds~a1ns~~u~~?iui lu ln~auDi1~ nid=m[ii?L~dsvl& 
d d 

Gun41 n?lunszq7u (distribution) i f ; l~lmn~1$~~unaiun~l;1q 'Ua;ldi~~vlunum~~aLrds~u~ 
M I  2 
asanna iu~ ib lu i~p  (Central tendency) ~~'oa; lndr~n8u~~udi~~~nmu~nvl i~PdYaunua~ 

nYU~u im~~n i~mme0 .1  Yi iunn1~~1~iurrmnoii~~0;1hi&~~nmlurr~~~ayn ~z i t= i i v l&~~anq I$  

r~uiidauuinuo;1di~~vlumIn&rii~~n'udi% d~rfluni~l~duCd3udnni~~a~%a'oa;l~6u~~vlil~n~ 
d d d v r  d d 

Y~I~ILQOJU (Mean) diranum'lanuliou q ~ Q f l f l m ~ ~ ~ a m  (Arithmetic mean) aqiiuandl&qin 
Y * 

wns~u~o~P;~&~~nmM'~vlunvli~~au41uaudi8~rnmPdYu 1 



d X = dia~aouasmik~nm~u data {u 7 
d - Il erp. d Kaediddia~au (x) qindi&rnm 4 d i  $1;19uu; iiuamimms; 

- 
X = S(X)/N 

X = (2 .56~10~+4.87~10~+14.9~10~+3.65~1 07)/4 

w~iuaLnndidszviiqdi$srnmLrdazdin"udiLado Guna'i Sample deviate deviation 
d d  ni asurwse~wuiuuan~~eau~qXau 

adu d l  d = deviation 

d = (X, -XI) 
subscript i r?lumandaesdi8grnn 

&6u d, = (2.56~1 0' - 6.495~1 07) = -3.935~10' 

d2 = (4 87x10~ - 6.495~10') = -1.625~10' 

d, = (1 .49x108 - 6 .495~10~)  = +8.405xI o7 

d, = ( 3 . 6 5 ~ 1 0 ~  - 6 . 4 9 5 ~ 1 0 ~ )  = -2.845 x107 

q ~ f i U ~ ~ M d d i ~ ~ ~ ~ 8 ~ d ~ ~ ~ O L 8 B A ~ R  We u8sauae.l deviate qxw'l6u 0 
* 

d,+ d, + d, + d, = 0 

(- 3.935 - 1.625 + 8.405 - 2.845) x lo7  = 0 

o x 1 0 7  = o 

0 = o  
, d d  uenq ind i r~ i u rav f i ~mra la  usuwirQauau q t r r~nswa iu~duw i~ue f i  Ze 

Median vuio?~a ~ d ~ ~ ~ ~ d i ~ ~ ~ n ~ ~ i n h i ~ i u ~ i ~ u ~ d v i ~ i ~ ~ r r ~ a  dituqmnaemsnaiq 
d 

q z s n ' i i i n < i u a z g ~ n i i e e i i 9 8 m ~ ~  ~ i v i n d i ~ d ~ n m 6 u ~ ~ ~ u a u r ~ u ~ ~ v ~  median qz 
d 

~ w ' i n " ~ l ~ ~ ~ ~ ~ ~ d d i ~ ~ ~ ~ ~ ~ d n ~ 1 d d B d d i  rdu i$eya&< 4, 6, 8 ara: 10 median b i i f k  

(6+8)/2 = 7 qinns~<qzrs;iua'i~amgaLaau~irrazv6qq:adduu1dedidIs 61 median qzfhnd 

rw'irsu rdu ~ i ~ @ ~ a r d d a ( l u ~ ~ u  5;6,8 LLP:: 30 median n"Gwa 7 rw'irZu Kid18~rnm~4iuaurBu 
d 

rauA median q"~9ii~udi8~~nmMdedmsdnaiq rdu $flap 1, 3, 6,8,  9 median q::rdinlEl 6 
I r d ,  d d 

Median qzuan~s~aiu~Cue9i~u~mmnea&eudiauniw (Symmetrical) &di$quazdi 
W *d d, 1 

Mode a3u~iirafimawaiu~Cuwi~uuenasw6s wuiuds ~iwmmvusjewd~n riu l a y s  

I ,  2, 3, 4, 4, 4,4, 4, 5, 5, 6, 7 qzI6 mode a n i h  4 r w s i ~  4 dsinOiusj80t2m 



diaa$uaswim6iw (Geometric mean) a v ~ i = ~ i v ~ u i i ~ ~ b n ~ ~ r ~ u u a n ~ r a ~ f i i i ~ ~ u  

Tmdau 

qmr G = .Jw 
w 

Geometric mean (G) = n" root ~oquw~maeqii&qbnmn'qvlblrn 

d - r w  24 
m'7afh4 r ? l v l l  serum titer 16 5 ~?~'aodi~ .mJblmJuno 1.12, 1:17, 1:23, 1:45 l a %  1:9 

6o4nl~vli geometric mean 

- 1 - -  
18.02 

Harmonic mean (H) ;?I &nnu6i&qanm vlir6auuwuanao~daun~u"~o~ve~6i&~~nmi 

J 
Harmonic mean (H) = 

1 1 1 1  I + - + - + - + -  
2 3 4 5  

-rr( u 

qin%ayaa3ua<unisvli mean lwu6i~asnueiqqz16iil~amifiu Q:$unirrrawJii 

mean 6?1q~anld&iau4irBu~ii mean .a%mlwu 

Variance ZFI ~ w w v a n s l o ; r ~ i ~ ~ ~ o ~ v s ~ w a i ~ r r m n 6 i ~ r a ~ a ~ ~ i & ~ r n m n " p r i i r ~ ~ u  vlir6au;u 

ak lh~a ib l~~ rz  (degree of freedom) vl&~ ~ 1 ~ ~ ~ ~ ~ ~ F I ~ n ~ l ~ i ~ ~ ~ ~ i ~ ; r ~ ~ ~ ~ ~ b l ~ ~ ~ ~  (n-1) 
- - 

(Xi - x ) ~ . . . + ( x ,  - x )  2 
qW4 Variance (V) - - 

( n  - 1) 



d 
Standard deviation daur'~u;la'~lu~imrs~i1dAiua~!6qin variance 

s = J s ( x , - ~ ) ' / ( n - l )  

= JF 
qinn'aaeiiaGiwu s = JiGW 

= 0.957 
d ~un i s r s i u~ iud i r~aumi  dikmm 4 d i  m j n ~ i a ~ n q ~ r s i u ~ i u l u ~ d ~ ~ ~ ~ l i ' i l ~  

- 
= X+S.D 

du = 3.75k0.957 
d 

Standard error A ? I u ~ w I R L A A ~ ~ u I ~ s ~ I ~ " ~ ~ ~ ~ ~ ~ ~ ~ A I u ? ~ ~ ~ I ~ ~ I ~ ~ ~ s  

= 0.4787 
d 

~U~I?? I~~ IUW~LQ~UT '~~~  data 'Fli9Ak1$ S.E. ranu S.D 
- 

u = X k S.E. = 3.75 + 0.4787 

Limits of error of a mean em 

Limit of error 

q i n ~ a a d i q 4 i q ~ l u ~  em = 0.4787; N = 4 
d 

t = 3.18 (~rnwnirsa~rn table n & = 3, P = 0.95) 
" 

~746'~ ~ i m i t  of error = +3.18x0.4787+fi 

= +0.76 

Confidence interval = k+ limit of error 



IS'V-66'5. = 

(~L'o + SL'E) -@LO - SLX) = 

9L'O TSL'E = 



3190'0 
= Id 

ZO'P - OZ'P 

P=N 

90'0 = o 

ZO'P = d 

OZ'P = W .a.\ kP 

K\L~S,M~~L~I~L@ ua6o~l!u E@BfULltJbe4FiPIR@pi 
P 

SLU FL~POLCI %OZ.P rt;~~i ueau g\wbr~~riu P M~MSLU~~ %go.o n;~?1.a.s ~2e411 

"hZ0.P n)Ly ueau y\2@VRLnLW1nE1$PUgMgMb@[b ua6o~l!u PIILPOSJrLBbSldUSLUEy\ 

ELRBG. 

~~vt-~mPlrj~~~~tp~?a ueau asJaA!un UL~ELFUM~~~~G ueau aldues 
" 

(56.0 < d) 96.1 L~UULPO 'd LV~RL~~V gg~r~aby~pnogr~p@ ueau asJaA!un u~br~yu~ii 

wau aldues (~6.0 > d) 096'1 L~UTJB>~RPULRLM~ (Id) ale!Aap IeuJou L~LK 
'I- 

ueau aldues = 

fl/,o 
d-u1 = 'd sub 

BLY 

eylnLslhr@y (,o) uo!le!Aap pJepuelS asJaA!un nmsunl qap (d) ueau asJaA!un umoun 
kP 

u~b~gps~~plrj~p~prgr~p~r~~u~ii ( W) ueau a~dues LpnEif\aaki#\,elhnabuusLu 
FP P 

Isat ewnap leuJo(\l 

1 Ra~Pm;~\~n~Lu~~rgeL~uy\ 
Pk 

zbnnalonl a3ue3!j!u6!s 40 lsai u~b~~~~~s~r~~ur~~uuii~~~eure~bny::~~~ gglgr~a~~j~p~pr 
R 

nr~pa~;c~yuuii~~~~iuu_i Fn (s!saq~odAq nnu  pung gap) JoJJa leluau!~adxa UL~E~RIP~E~ c F- 

2bb~onn - auGnbm pP z y\p\n~rgreyiiggur~a ~jr~~uuil~~yrw (ueau) npes~y~~~i~g P 



p, i id iqqni i  1.96 (p = 0.95) u%~~fiuoi 2.576 (P = 0.99) ~ r a r n ~ i ~ f i u i r n o e ~  nitrogen 
3 tuuZrnri'rn~74 qmw~~ur rmno i i ~~ in f i u i~dn ' I aL i i ~ i iCu i iK~n i~ f i i iE  

me t Test 
4 I 

rflunisnrnfiourdo~ii sample means 2 .& rrrnnoi1~5uaLii~iiCud~6~n~~finrnusa~u 

~rnu~ri~irflubia4nsiu universe mean U?Q standard deviation 

t = t valve 

mA = mean of NA 

m, = mean of N, 

N, = number of observation in data A 

N, = number of observation in data B 
A 

tbd? t n r t l ~ & ~ 4 n i l d l  P = 0.05 luollsl4 Vaiue of t (mu degree of freedom 

N, + N,-2) r r h  d? mean i4fia~iu~:Lrmntii?~~uo~i4~~uii6ryni~fiii'i ~rtiiKidi t $IXCQU 

d 
n ~ l ~ l & 9 ~ ? l ~ ~ ~ ~ n ~ l 4 . U ~ 4 ~ l  mean kaao4LnmauLua.rwn experimental error u?a by chance 

&%2i?adl4 technician 2 nu i?n?~~~~1:~diuds:nau21a~ru~n~uoi?adi4 10 K~aLii4 44  

* d u 

~Giunumnoil4nidCu rua4~inmn~n.ae4 technician n j a a 4 ~ % ~ 1 ? 1 ~ u ~ n m i ~ ~ ~ u ~ d ~ m u  chance 
4 na n?iurmnd1~~Cu~1Kry~'.a!ri~Cu~1Kryn?4fiii'i 

wa~a~nwnmamu 

Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

x A 

4.40 

4.62 

4.43 

4.60 

4.55 

4.43 

4.46 

4.39 

4.75 

4.71 

x: 
16.3600 

21.3444 

19.6249 

21.1600 

20.7025 

19.6249 

19.891 6 

19.2721 

22.5625 

22.1841 

x, 
4.62 

4.57 

4.58 

4.94 

4.67 

4.50 

4.55 

4.35 

4.90 

4.80 

x; 
21.3444 

20.8849 

23.5225 

24.4036 

21.8089 

20.2500 

20.7025 

18.9225 

24.0100 

23.4256 



m,, m, ~ i u a m v i h i S 2 ( X , ) ~ , ,  S2(X,)INB ~~&a6 iuamhi  S(X:)-S2(X,)IN,, 

d 
noaqqdi  t ?u valve of t m degree of freedom anin'u 18(N, + N, - 2 )  P = 0.05 7:: 

4 * 16 2.10 h i  t $ 1 ~  1.95 wuaunii ka$1n"di naiu~mndi~~~n~7!awin chance W?d~~rnnd i ; l  

o u ' i ~ ~ ~ ~ d i ~ ~ m i ~ ~ i ? ~  

~f lu%?~~f iuu~n"f~u ratio 4184 variance 2 d i  (diuinvli~biaudifi'i]u~69~'i]) variance 

ratio test &%nil d i  F 81 Sample ~ 4 i ~ ~ a u F i i & ~ ~ n n r U ' ~ v i i ~ ~ ~ d i  F 6'i]4Eiiulin degree of 

freedom E4 2 sample 

l inweniom~asfia'i] i i441~4 technicla" i 4  2 2RU ~ 1 ~ i i i u a ~ v l i d i  F 1&$4% 

vA = s ( x ; ) - s ~ ( x , ) I N ~  
0.1554 = -  

9 

v,=s(x; ) -s~(x, ) IN,  
0.3445 = -  

9 
0.3445 

Variance ratio F (largerlsmaller) = - = 2.22 
0.1554 



d 
V1idi F 1inmi419 Points for the distribution of F w P' = 0.05 LLn"egree of 

freedom d 9 -% 2 w i q b % i  &a 3.18 K ~ & J  41 F ~ ~ ~ i l i n n i ~ ~ i u a m ~ i n ~ a e e i i ~ ~ i ~ u u  2.22 
d 
T4lkltIn61 ~ 4 & 4  ~ 9 d f d ! ~ d l ~ ~ l 8 1 1 ~ n ~ l ~ ~ Z ~ 6 l 9  VA LbQZ VH ~ ~ ~ I % I d i ~ ~ ~ l ~ ~ ? i i ?  
A-is of Variance 

4 d 
Analysis of Variance YIJFI!~%$LL~~U~"U~ biological assay T ~ U I Q W I ~ ~ I ~ &  LW8W4: 

d d r i ~ ~ r G u n a i u ~ i r ~ e n e " u e ~ ? ~ m m a ~ ~ % ~ ~  7 

%u biological assay a4124 dose "Uuimhl47 ~adau%un~81"Ues&m?"wmne9 ~ba"9dfdUn 

nismsuaues~u ideal situation " ~ e ~ & ~ a b W m ~ 8 9 % ~ b ~ h ~ ~ n ~ 8 1 ~ 7 4 ~ V I ~ ~ ~ n ' ~  6qb~dn<i5u niTmou 

wua.lbi8 dose T ~ l ~ b i l 4  7 A947:dld linear function Ye4 log dose, Ideal situation $ 7 5 ~ ~ ~ 1 1  

d uu k$u % u n i ~ w m n o a ~ ? ~ ~ i r 3 u n " e ~ m ~ a ~ ~ e u i i n i ~ m e ~ a u e ~ w ~ ~ m n ~ i ~ d u r i i m  rdeqqinni? 

~ 4 ~ 1  dose ~ 1 %  riinrdeqqin animal variation nYin14wwwau!~uAai ni?neuaua4aien1~~4u 

dose r r n n d i ~ ~ i n i G u d i A q w i ~ ~ E R  r~ai&uurfiuun"~i back ground of animal variation 61 
u 

back ground of animal variation r i i udau%w~~es  total variation ?"siTwmfleu~u~airvui:au 

rrw~~aiau~a~diui%a"rB~~iuei~z41 ~ d e ~ ~ i n n i ~ m e u ~ u e ~ ~ % d ~ n ~ a u r r w " ~ ~ ~ " ~ ~ ~ n i ~ ~ ~ u  dose 

Analysis of variance ~~uen!6niini?m~uaueQ"u~4 log dose q:r8urAum44 (linear) 

nlu%n" limits uaq animal variation 
A l un i s$a~ i~z%$d i  F (variance vatio) r~udi%uni~r&uur f iuu~~r4 i~z~qei  $w~&A$  

kni~i4%1qdia$ 

Sum ofsquare 1 Symbol ~ Formula 
Degree of 

Variance 
freedom ~ 

Y = individual response 

s ( Y , ) - s ~ ( Y ) I N  
N  - s (z2) -S~(Y)IN S2 / (n  - 1) 
n  

S ,  - S ,  N - n  s, ( N  - n)  

S2 - S ,  

Total 

Between column 

Within column 

About regression 

Due to regression {S(XZ)  - S ( X ) S ( Z )  I n)2 I s ( x ~ ) - S ~ ( X ) I ~  

Z = Average response %urdn: group 

s, 
s, 
S3 

s4 
S5 

N  = Total number of response (# gr x # unit) 

X = log dose "LurrbiaZ group 

n = number of dose group 



S  = Sum 

S, = Sum of the square of the deviation 

V = Variance 

df = degree of freedom 

n'?epiirr !w'vbniswi FMDV titer ~ u g n w y s l a ~ w d l u u  TnfJaa" dilution & L L i  -5 z-3 -8 

rrn::aa'gnw;~i? 5 k i o  dil 6 ~ P l 1 5 1 ~ ~ 1 4 ~ 1 ~ ~  (Number of response) 

Expt. Animal Log dose I 
# -8 -7 -6 -5 

1 0 1 1 1 

2 0 0 1 1 

3 0 0 1 1 

4 0 0 0 1 

5 0 0 0 1 

Y 0 1 3 5 S (Y)  = 9  

Mean ( Z  ) 0 0.2 0.6 1.0 s ( z 2 ) = 1 . 4  

S ( Y 2 ) = 9  N ( 4 x 5 ) = 2 0 , n = 4  

N l n  = 5  

$ ~ T o t a l  S, = S ( Y 2 ) - ~ 2 ( Y ) I ~  

92  = 9 - - = 9 - 4 . 0 5 = 4 . 9 5 ( d f  = N - 1 )  
20 

2i 
S, idd?::n'il~n'?f~ sum of squares between dose group ( S , )  LLFI,' sum of squares of 

animal variation within dose group ( S , )  

w% ( S , ) = S ,  -s3 
&~ ldw id i  S,  

qinqms S ,  = 
N  S ( Z Z )  S 2 ( Y )  -- 

n  N  



V, =2/16=0.125 

F = V2 IV, = 0.9810.125 = 7.84(df = 3,16) 

rTlmdi%umitia Theoretical F 5% probability f m ~ i  df 3 raazI6 16 3.24 ~ 9 l h i i  

d P 
F nth (7.84) 49f l< l  Theoretical F (3.24) ~ ~ f i ~ 9 4 l  Variance dsaiimsu~mu dose difference $9 

8 , A  
ndi variance 989 animal variation ? ~ n i t n ~ a a u u u 9 ~ a i  1s i1$~~~iau i~ in isnmaau16 ardKi 

V3 p n d i  v2 ku% animal variation q9 r?in"qz1$~;aiawmaau!aj1n" 
d F i a 1 d w i 4 i ? " s i ~ w m a e u % ~ ~ u i z a u ~ ~ z l ~ ~ ~ a ' b ~  TWU?LFITI" regression aweqz$41 

mean group response (z)G linear function Fia iog dose group (~)M+atai S2 rrEisaanrflu 

sum of square deviation Yay4 X, Z o n  regression line (S,) rLaz sum of square deviation 

from the mean of theoreticai responses i i u a m q i n r ~ u 6  

S, &ndi sum of square about regression & ~ ~ f l i ? n ? 3 i f l 9 a 9 ~ n  X,Z %U 

regression line 

S, &ndi sum of square about regression 4 9 5 ~  square deviation ? In  group mean 
u 

~unis&n.iamv? Variance ratio V, /V3 6a~i ia8uni~n"; ld (1) VI S,qinqms (2) MI 

S, = S, - S, (3) araz V, miui?& ~ ~ i i r ~ u n i ~ 6 ~ ~ ~ ~ a W  
v ,  2 

q~nGayahauudiui~m~drruu%.w~r~aazm~nluni~8iiu~m1mm~u 

Log dose x 
-8 64 

-7 49 

-6 36 

-5 25 



J 
dnr$uurTu'lramqsqq~~d~ 147 F ;I& dn 0.24 6auni.l Theoretical FYI P' = 0.05 d f  = 2 

LLR: 16 (3.24) ~ ~ f i m 4 i l  V, LLRZ V, sample variance U19'In distribution r#u?r%d ~ 1 ~ i ~ ~ ~ l i l ~ ~ i ~ ~  

d 
ijGui'16unqqfiiii7 n?q~~rmndqqrF~lruaqqqn animal variation i q f i ~d I& i i nqs  response i a  log 

dose rgu linear function LLA~~'I F di7u?ru16uqhni7 3.24 rr6Plqi7n7swaumua43aq log dose 

~drflur4ums~ (non-linear) 

risarsqaq~q:rrq~1~qu&uGuB11aq Y LLA: x Ihqinqms9'0.1 Coretation coefficient ( r )  

~ ~ n n ~ s i ~ u ? m l u  linear regression ;a 

q ~ u ~ q s q ~ d  5 % level of significance, d f  = 2 Id' r = 0.950 KGU 1 4 q d d i u I ~ a  0.988 

&qqni7rranqiq n?~u&uw'ras's=tlii~n7?maumua~~~~v~~7?6~ log dose 9a4I9?mi7Gud76ry 



SM~ULL?I (q) adols L~LH aaue!JeA 40 s!sAleue ~p~nl J L~RIL~L~SLU EL~PC~ULC 

(adois) I rt_u~~i x @p d EOLL~ = q 

0 = X@KlX bBrLy@.p ida3~aiu! d = a 
P 

(salqe!Je~ iuapuadap 'luapuadapu!) uurb$LynFi d 'x nu3 

xq+u = 

uo!lenba 



- - -10.0-(-26)@.8)14 
174 - ( - ~ 6 ) ~  / 4 

rmupii b lu regression equation q:l6 qms y = Y + b ( X -  X )  
q~nmieriiq X = -(8+7+6+5)4=-6.6 

- 
Y = (0+0.2+0.6+1.0)4=0.45 

y = 0.45 + 0.34 [ x - (-6.5)] 

= 0.45+0.34 x +2.21 

= 2.66+ 0.34 x 

Regression equation ( Y  = 2.66+0.34 x )  % ~ ~ u a ~ n i ? d i u i u  %I Ki fd l  X r ~ i i u i d i  
3 

y I&' u%lmunA'yn'u fiaiaJni?uiPii y qiniiaaq x rdu q i n h a ~ i a 4 i i ~ u u u r ~ i ~ ~ ~ n i t  ED, 

(50% response) q z m ~ h  41 x  nil? 41 y d?ii~ldm%~ 0.5 (50% response) . 
&Su 0.5 = 2.66+0.34X 

0.5 -'2.66 
x = = -6.353 

0.34 
Regression analysis % id~zla~J~inlun~~?.iuBiiu~~niw8mi ~ d u  19id reference 

u% Standard method ~ ~ ~ ~ ~ I ~ ~ ' w ] u I ~ ' I ~ I ? ' I u ~ ~ ~ ~ u I  h~~~u1uni0~~u~~+a~??3nit1urj~i1# 
1 1  1 rtnu%ni?rftu~&u~f~!d rdu n?tnnnoud?zAn?niw~oqi~1u 7; Standard d ~ % n ' u a ~ ~ o ~ m  

Tmilulu&m.Snmna~~~&~lmGm"u dirrwnplid(u~?~lm" rroi~ti~&w'wui7~nisns~~uit:~u 

rrou2uo~rrnu Bnitr4uur+uuAo h$rninn~oadl~wi~1ul6~&~riou~m~1m'u~~iz~1am~~~~ 

w i ~ z ~ u r r o u ~ u o i  ~ ~ ~ u l u 8 r n ~ n m ~ a a h d  1 K ~ : I : ~ A A ~ I u L ~ u ~ ~ ~ ~ Q ~ ~ ~ u u ~ ' o ~ I ~ ~ ~  PD,, dl# 

rqudi X ,  ~ ~ : ~ : ~ l u r r o ~ ~ u ~ ~ ~ i n ~ ~ k u ~ m i n m ~ o ~ ~ i ~ d  1 rf ludi y,  mY?do'ldn'Air0uni~lu 

dqua~riuqnid 

~ O ~ R P ~ I  x y ... ~ ~ u ~ l u ? u ~ l n w ~ n ? ?  ~ i u i ? r n ~ i z ~ u i  correlation coefficient KI 61 

r d~i iuqna~di~an i i  theoretical r rr&q ? $ n i t ~ u ~ ' l ~ u ~ l a m ~ 1 ~ ~ ~ n ' ~ ' i ? 3 n i ~ ~ ^ n u a r i i a d ~ a d i ~ r y  

niqaa'i rrdfiidi r d ~ i u ~ n d l ~ d a a n i i ~ ~ d m ~ i i ? ' I n i ? ~ u r j ~ l j ~ ~ ~ i u & ~ w ' u d n ' ~ ? ~ n i t ~ ~ ~ ~ i ~ i ' ~ a '  

lljlBir~a:rsiau~~s~i~0unimi regression equatlon ZnliioW 
* J-r  ' luntnan~ani t~uu '$~~iuXuw'udn'Y?~nis~~uo~i ia~~ud'o~~ryniaa ' i ' i  8'Lfiui 

regression equation ~wdela'dtzla~~dold 



- 
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