
içåÇçå=bñ~ãáå~íáçåë
d`b=lêÇáå~êó=iÉîÉä

j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
Ñçê==mìêÉ=j~íÜÉã~íáÅë=TPSO

j~óLgìåÉ=OMMM



bÇÉñÅÉä=áë=çåÉ=çÑ=íÜÉ=äÉ~ÇáåÖ=Éñ~ãáåáåÖ=~åÇ=~ï~êÇáåÖ=ÄçÇáÉë=áå=íÜÉ=rh=~åÇ
íÜêçìÖÜçìí=íÜÉ=ïçêäÇK=tÉ=éêçîáÇÉ=~=ïáÇÉ=ê~åÖÉ=çÑ=èì~äáÑáÅ~íáçåë=áåÅäìÇáåÖ=~Å~ÇÉãáÅI
îçÅ~íáçå~äI=çÅÅìé~íáçå~ä=~åÇ=ëéÉÅáÑáÅ=éêçÖê~ããÉë=Ñçê=ÉãéäçóÉêëK

qÜêçìÖÜ=~=åÉíïçêâ=çÑ=rh=~åÇ=çîÉêëÉ~ë=çÑÑáÅÉëI=bÇÉñÅÉäÛë=ÅÉåíêÉë=êÉÅÉáîÉ=íÜÉ=ëìééçêí
íÜÉó=åÉÉÇ=íç=ÜÉäé=íÜÉã=ÇÉäáîÉê=íÜÉáê=ÉÇìÅ~íáçå=~åÇ=íê~áåáåÖ=éêçÖê~ããÉë=íç=äÉ~êåÉêëK
cçê=ÑìêíÜÉê=áåÑçêã~íáçåI=éäÉ~ëÉ=Åçåí~Åí=çìê=fåíÉêå~íáçå~ä=`ìëíçãÉê=oÉä~íáçåë=råáíW
qÉä===H=QQ=OM=TTRU=RSRS
c~ñ==H=QQ=OM=TTRU=RVRV
fåíÉêå~íáçå~ä]ÉÇÉñÅÉäKçêÖKìâ
ïïïKÉÇÉñÅÉäKçêÖKìâLáåíÉêå~íáçå~ä

j~óLgìåÉ=OMMM

lêÇÉê=`çÇÉW=rlMNMUQS

^ää=íÜÉ=ã~íÉêá~ä=áå=íÜáë=éìÄäáÅ~íáçå=áë=ÅçéóêáÖÜí
«=bÇÉñÅÉä=cçìåÇ~íáçå=OMMN



j~êâ=pÅÜÉãÉ=~åÇ=`ÜáÉÑ=bñ~ãáåÉêDë=oÉéçêí
j~óLgìåÉ=OMMM

mrob=j^qebj^qf`p=TPSO

j~êâ=pÅÜÉãÉ
m~ÖÉ=O=çÑ=NU

`ÜáÉÑ=bñ~ãáåÉêDë=oÉéçêí
m~ÖÉ=NP=çÑ=NU

dê~ÇÉ=_çìåÇ~êáÉë
m~ÖÉ=NU=çÑ=NU



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=O=çÑ=NU

mrob=j^qebj^qf`p=TPSOI=j^oh=p`ebjb

m^mbo=N



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=P=çÑ=NU



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=Q=çÑ=NU



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=R=çÑ=NU



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=S=çÑ=NU



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=T=çÑ=NU

m^mbo=O



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=U=çÑ=NU



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=V=çÑ=NU



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=NM=çÑ=NU



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=NN=çÑ=NU



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=NO=çÑ=NU



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=NP=çÑ=NU

mrob=j^qebj^qf`p=TPSOI=`efbc=bu^jfkboDp=obmloq

dÉåÉê~ä=`çããÉåíë

qÜáë=ï~ë= íÜÉ= Ñáêëí= óÉ~ê= íÜ~í= ~åó=é~êí= çÑ= íÜÉ= ëóää~Äìë= ÅçìäÇ=ÄÉ= íÉëíÉÇ=çå=ÉáíÜÉê=é~éÉêK
mêÉîáçìëäó=íÜÉ=ãçêÉ=ÇáÑÑáÅìäí=íçéáÅë=ïÜáÅÜ=íÉåÇ=íç=ÄÉ=í~ìÖÜí=ä~íÉê=áå=íÜÉ=ÅçìêëÉ=~ääçïáåÖ
Ñçê=äÉëë=ÅçåëçäáÇ~íáçå=íáãÉI=ïÉêÉ=íÉëíÉÇ=çå=m~éÉê=OK=`çåëÉèìÉåíäó=íÜÉ=ã~êâë=íÉåÇÉÇ=íç
ÄÉ= äçïÉê=çå= íÜ~í=é~éÉêK=qÜáë=óÉ~êI=~äíÜçìÖÜ=íÜÉêÉ=ï~ë=åç=~éé~êÉåí=ÇáÑÑÉêÉåÅÉ= áå= íÜÉ
ëí~åÇ~êÇ=çÑ=íÜÉ=é~éÉêëI=íÜÉ=Å~åÇáÇ~íÉë=ëÉÉãÉÇ=áå=ÖÉåÉê~ä=íç=ÑáåÇ=m~éÉê=O=ãçêÉ=ÇáÑÑáÅìäí
íÜ~å=m~éÉê=NK=eçïÉîÉêI=íÜÉ=Ö~é=áå=éÉêÑçêã~åÅÉ=çå=íÜÉ=íïç=é~éÉêë=ï~ë=å~êêçïÉê=íÜ~å
éêÉîáçìëäó=ëÉÉåK

qÜÉêÉ=ïÉêÉ=íÜÉ=ìëì~ä=éêçÄäÉãë=~êáëáåÖ=Ñêçã=Å~åÇáÇ~íÉë=ëéÉåÇáåÖ=~=ÖêÉ~í=ÇÉ~ä=çÑ=íáãÉ
~ííÉãéíáåÖ=ãçêÉ=íÜ~å=íÜÉ=êÉèìáêÉÇ=åìãÄÉê=çÑ=pÉÅíáçå=_=èìÉëíáçåëI=çÑíÉå=áå=~å=~ííÉãéí
íç= ÅÜççëÉ= íÜÉ= çåÉë= íÜÉó= éêÉÑÉêêÉÇ= ê~íÜÉê= íÜ~å= ìëáåÖ= ëé~êÉ= íáãÉ= ~í= íÜÉ= ÉåÇK= qÜáë
ÑêÉèìÉåíäó= êÉëìäíÉÇ= áå= ÑáîÉ= çê= ëáñ= èìÉëíáçåë= óáÉäÇáåÖ= ã~êâë= ïÜáÅÜ= ïÉêÉ= îÉêó= ëáãáä~êI
áåÇáÅ~íáåÖ=íÜ~í=íáãÉ=ïçìäÇ=Ü~îÉ=ÄÉÉå=ÄÉííÉê=ëéÉåí=ÅçåÅÉåíê~íáåÖ=çå=ÑçìêK

j~êâë=ïÉêÉ=äçëí=íÜêçìÖÜçìí=ÄçíÜ=é~éÉêë=Äó=Ñ~áäìêÉ=íç=êçìåÇ=~åëïÉêë=~ë=áåëíêìÅíÉÇ=~åÇ
ïçêâáåÖ=ä~íÉê=é~êíë=çÑ=èìÉëíáçåë=ïáíÜ=éêÉîáçìëäó=êçìåÇÉÇ=~åëïÉêë=íÜìë=äçëáåÖ=~ÅÅìê~ÅóK
`~åÇáÇ~íÉë= ëÜçìäÇ= ~ééêÉÅá~íÉ= íÜ~í= íç= çÄí~áå= ~å= ~åëïÉê= ïÜáÅÜ= áë= ~ÅÅìê~íÉ= íç= P
ëáÖåáÑáÅ~åí= ÑáÖìêÉë= íÜÉó= ãìëí= ïçêâ= ïáíÜ= ~í= äÉ~ëí= Q= ëáÖåáÑáÅ~åí= ÑáÖìêÉë= áå= íÜÉáê
Å~äÅìä~íáçåëK= líÜÉê= Åçããçå= Éêêçêë= çÅÅìêêÉÇ= áå= íêáÖçåçãÉíêáÅ= èìÉëíáçåë= ïÜÉêÉ= íÜÉ
~åëïÉê=ï~ë=êÉèìáêÉÇ=íç=ÄÉ=áå=ê~Çá~åëI=ÅçêêÉÅí=íç=P=ëáÖåáÑáÅ~åí=ÑáÖìêÉëK=^åëïÉêë=ïÜáÅÜ=~êÉ
ÉáíÜÉê= áå=ÇÉÖêÉÉë=çê= áå= ê~Çá~åë=Äìí=ÖáîÉå=~ë=~=ãìäíáéäÉ=çÑ=π = Çç=åçí= Åçãéäó=ïáíÜ= íÜáë
áåëíêìÅíáçå=~åÇ=~êÉ=íÜÉêÉÑçêÉ=éÉå~äáëÉÇK

m~éÉê=N

pÉÅíáçå=^

nìÉëíáçå=N

qÜÉêÉ=ïÉêÉ=~=ÑÉï=ëáÖå=Éêêçêë=~êáëáåÖ=ïÜÉå=ÑáåÇáåÖ=íÜÉ=ëìã=~åÇ=éêçÇìÅí=çÑ=íÜÉ=êççíë=çÑ
íÜÉ= êÉèìáêÉÇ= Éèì~íáçåK= pçãÉ= Å~åÇáÇ~íÉë= éêÉÑÉêêÉÇ= íç= ÑáåÇ= íÜÉ= åÉï= Éèì~íáçå= Äó= Ñáêëí
ëçäîáåÖ=íÜÉ=ÖáîÉå=çåÉK=mêçîáÇÉÇ=íÜÉó=âÉéí=íç=íÜÉ=ëìêÇ=Ñçêã=çÑ=íÜÉ=~åëïÉêë=íÜÉ=êÉèìáêÉÇ
Éèì~íáçå=ÅçìäÇ=ÄÉ=ÑçìåÇ=ïáíÜçìí=äçëë=çÑ=~ÅÅìê~ÅóI=Äìí=íÜçëÉ=ïÜç=ïçêâÉÇ=ïáíÜ=P=ÑáÖìêÉ
~ééêçñáã~íáçåë=ÅçìäÇ=åçí=çÄí~áå= íÜÉ= êÉèìáêÉÇ=~ÅÅìê~Åó=Ñçê= íÜÉ= áåíÉÖÉê= ÅçÉÑÑáÅáÉåíë=çÑ
íÜÉ=åÉï=Éèì~íáçåK

nìÉëíáçå=O

`~åÇáÇ~íÉë=ëÜçìäÇ=ÄÉ=~ï~êÉ=íÜ~íI= áå=ÖÉåÉê~äI=íÜÉ=áÇÉ~=ÄÉÜáåÇ=èìÉëíáçåë=çÑ=íÜáë=íóéÉ=áë
íç= ëáãéäáÑó= íÜÉ= ÖáîÉå= ÉñéêÉëëáçåK= qÜìë= ÅÜ~åÖáåÖ= äçÖSNO= íç= ~= H= äçÖSPI= ïÜáÅÜ= áë= ãçêÉ
ÅçãéäáÅ~íÉÇI=áë=åçí=íÜÉ=~åëïÉê=êÉèìáêÉÇK=`~åÇáÇ~íÉë=ÅçéÉÇ=ïÉää=ïáíÜ=äçÖQSK

nìÉëíáçå=P

jçëí= Å~åÇáÇ~íÉë= âåÉï= íÜÉ= éêçÇìÅí= êìäÉ= ~åÇ= ÅçìäÇ= ~ééäó= áí= ÜÉêÉK= qÜçëÉ= ïÜç
ÇáÑÑÉêÉåíá~íÉÇ=ÅçêêÉÅíäó=ïÉêÉ=ìëì~ääó=~ÄäÉ=íç=ÅçãéäÉíÉ=é~êí=EÄF=ÅçêêÉÅíäóK



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=NQ=çÑ=NU

nìÉëíáçå=Q

`~åÇáÇ~íÉë= çÑíÉå= ÅçåëáÇÉêÉÇ= 2 24  rather than 4 0b ac b ac− − …0> 0 K= tÜÉå= ëçäîáåÖ= íÜÉ
èì~Çê~íáÅ=áåÉèì~äáíó=ÑÉï=ÅçåëáÇÉêÉÇ=ÉáíÜÉê=íÜÉ=ëÜ~éÉ=çÑ=íÜÉ=Öê~éÜ=çê=íÜÉ=ëáÖåë=çÑ= íÜÉ
Äê~ÅâÉíë=íÜÉó=Ü~Ç=çÄí~áåÉÇK

nìÉëíáçå=R

jçëí=ëìÅÅÉëëÑìä=Å~åÇáÇ~íÉë=ìëÉÇ=íÜÉ=ÅçëáåÉ=êìäÉ=íïáÅÉ=çê=ïÉêÉ=Å~êÉÑìä=íç=~îçáÇ=ÑáåÇáåÖ
íÜÉ=ä~êÖÉëí=~åÖäÉ=Äó=íÜÉ=ëáåÉ=êìäÉK=qÜçëÉ=ïÜç=ìëÉÇ=íÜÉ=ëáåÉ=êìäÉ=íç=ÑáåÇ= ACB∠ =ìëì~ääó
Ñ~áäÉÇ= íç= êÉ~äáëÉ= íÜ~í= íÜÉó= Ü~Ç= ~å= ~ãÄáÖìçìë= Å~ëÉ= ~åÇ= ÅçåëÉèìÉåíäó= Ö~îÉ= íÜÉ= ~ÅìíÉ
~åÖäÉ=Ñçê=íÜÉáê=~åëïÉêK=^=ëáÖåáÑáÅ~åí=åìãÄÉê=çÑ=Å~åÇáÇ~íÉë=ÑçìåÇ=íÜÉáê= íÜáêÇ=~åÖäÉ=Äó
íÜÉ=ëáåÉ=çê=ÅçëáåÉ=êìäÉ=ê~íÜÉê=íÜ~å=íÜÉ=~åÖäÉ=ëìã=çÑ=~=íêá~åÖäÉK

nìÉëíáçå=S

qÜáë=èìÉëíáçå=ï~ë=ìëì~ääó=ïÉää=~åëïÉêÉÇ=Äó=íÜçëÉ=Å~åÇáÇ~íÉë=ïÜç=âåÉï=íÜÉ=Ñçêãìä~É
Ñçê= íÜÉ= îçäìãÉ= ~åÇ= ëìêÑ~ÅÉ= ~êÉ~= çÑ= ~= ëéÜÉêÉ= ~äíÜçìÖÜ= ëçãÉ= ìåìëì~ä= ÅÜ~áå= êìäÉ
~ééäáÅ~íáçåë=ïÉêÉ=éêÉëÉåíÉÇK

nìÉëíáçå=T

j~åó=Å~åÇáÇ~íÉë=ÉáíÜÉê=Ñ~áäÉÇ=íç=Éñé~åÇ=íÜÉ=Äê~ÅâÉíë=ÄÉÑçêÉ=áåíÉÖê~íáåÖ=çê=Ö~îÉ=
1e
1

x

x

+

+
~ë= íÜÉ= áåíÉÖê~ä=çÑ=ÉñK= pçãÉ=çãáííÉÇ=íÜÉ=Åçåëí~åí=çÑ= áåíÉÖê~íáçåK=^=ÑÉï=ÉáíÜÉê=ÇáÇ=åçí
âåçï= íÜÉ= Ñçêãìä~= Ñçê= ~= îçäìãÉ= çÑ= êÉîçäìíáçå= çê= Ñ~áäÉÇ= íç= êÉ~äáëÉ= íÜ~í= íÜÉ= áåíÉÖê~ä
êÉèìáêÉÇ= ï~ë= íÜÉ= áåíÉÖê~ä= Ñêçã= é~êí= E~FK= pçãÉ= ÉîÉå= ã~å~ÖÉÇ= íç= éêçÇìÅÉ= ~= ÅçêêÉÅí
ëçäìíáçå=Ñçê=é~êí=EÄF=~ÑíÉê=Ñ~áäáåÖ=ïáíÜ=é~êí=E~F>

nìÉëíáçå=U

pçãÉ= Å~åÇáÇ~íÉë= ÅçìäÇ= ëçäîÉ= íÜÉ= Éèì~íáçå= ~í= é~êí= E~F= Äìí= ÅçìäÇ= åçí= çÄí~áå= íÜÉ
Éèì~íáçåë=çÑ=íÜÉ=~ëóãéíçíÉë=áå=é~êí=EÄF=ëç=ïÉêÉ=ìå~ÄäÉ=íç=ëâÉíÅÜ=íÜÉ=ÅìêîÉ=ëìÅÅÉëëÑìääóK
bîÉå=íÜÉ=ëâÉíÅÜÉë=íÜ~í=ëÜçïÉÇ=íïç=~ëóãéíçíÉë=ÇáÇ=åçí=~äï~óë=Ü~îÉ=íïç=Äê~åÅÜÉëK

pÉÅíáçå=_

nìÉëíáçå=V

`~åÇáÇ~íÉë=ÅçìäÇ=ÖÉåÉê~ääó=ÑáåÇ=íÜÉ=ÅççêÇáå~íÉë=çÑ=íÜÉ=íïç=éçáåíë=çÑ=áåíÉêëÉÅíáçå=çÑ=íÜÉ
äáåÉ=~åÇ=ÅìêîÉ=ëìÅÅÉëëÑìääóK=eçïÉîÉêI=íÜÉ=~êÉ~=ÄÉíïÉÉå=íÜÉ=ÅìêîÉ=~åÇ=íÜÉ=äáåÉ=ÅêÉ~íÉÇ
ãçêÉ=éêçÄäÉãëK=lÑíÉå= íÜÉ=~êÉ~=ìåÇÉê= íÜÉ= ÅìêîÉ=ï~ë= Å~äÅìä~íÉÇ=ïáíÜ=åç= ÑìêíÜÉê=ïçêâ
ìåÇÉêí~âÉåK=qÜÉ=Éèì~íáçå=çÑ=íÜÉ=åçêã~ä=ï~ë=ìëì~ääó=ÅçêêÉÅíK=qÜÉ=~êÉ~=çÑ= íÜÉ=íêá~åÖäÉ
ÄçìåÇÉÇ= Äó= íÜÉ= åçêã~ä= ~åÇ= íÜÉ= ÅççêÇáå~íÉ= ~ñÉë= ï~ë= ãçêÉ= çÑíÉå= Å~äÅìä~íÉÇ= Äó
áåíÉÖê~íáçå=íÜ~å=Äó=ìëáåÖ=íÜÉ=ÅççêÇáå~íÉë=çÑ=íÜÉ=îÉêíáÅÉë=~åÇ=íÜÉ=Ñçêãìä~=Ñçê=íÜÉ=~êÉ~
çÑ=~=íêá~åÖäÉK

nìÉëíáçå=NM

jçëí= Å~åÇáÇ~íÉë=ïÜç= ~ííÉãéíÉÇ= íÜáë= èìÉëíáçå= ÑçìåÇ= áí= ëíê~áÖÜíÑçêï~êÇK= bêêçêë=ïÜáÅÜ
~êçëÉ=ïÉêÉ=ã~áåäó=ÇìÉ=íç=~êáíÜãÉíáÅ=ëäáéëK



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=NR=çÑ=NU

nìÉëíáçå=NN

qÜÉ=ëçäìíáçåë=íç=é~êíë=EÄF=~åÇ=EÅF=ëÜçïÉÇ=íÜ~í=ÑÉï=Å~åÇáÇ~íÉë=ïÉêÉ=~ï~êÉ=çÑ=íÜÉ=ê~åÖÉ
çÑ=î~äìÉë=Ñçê=ïÜáÅÜ=íÜáë=íóéÉ=çÑ=Äáåçãá~ä=Éñé~åëáçå=áë=î~äáÇK=få=é~êí=EÇFI=ãçëí=Å~åÇáÇ~íÉë
áÖåçêÉÇ= íÜÉáê= êÉëìäí= Ñêçã= é~êí= E~F= ~åÇ= ãìäíáéäáÉÇ= íÜÉáê= íïç= Éñé~åëáçåë= ê~íÜÉê= íÜ~å

Å~äÅìä~íáåÖ= ( ) ( )1 12 1 2 3 1 3x x− −− + + =ïÜáÅÜ=íÜÉó=ëÜçìäÇ=Ü~îÉ=ÑçìåÇ=É~ëáÉêK=eçïÉîÉêI=Å~êÉ

í~âÉå=áå=ãìäíáéäáÅ~íáçå=ÖÉåÉê~ääó=éêçÇìÅÉÇ=~=ÅçêêÉÅí=çê=~äãçëí=ÅçêêÉÅí=êÉëìäíK

nìÉëíáçå=NO

qÜáë=ï~ë=íÜÉ=èìÉëíáçå=ïÜáÅÜ=ï~ë=äÉ~ëí=ïÉää=ÇçåÉK=qÜÉ=áÇÉåíáíáÉë=áå=é~êíë=E~F=~åÇ=EÄF=ïÉêÉ
ìëì~ääó= ÅçêêÉÅí=~äíÜçìÖÜ=ëçãÉ=ÑáÇÇäáåÖ=ï~ë= ÑçìåÇ=ÉëéÉÅá~ääó= áå= EÄFK=kçí=~ää= Å~åÇáÇ~íÉë
íÜÉå=ìëÉÇ=íÜÉ=áåëíêìÅíáçå=íç=ìëÉ=é~êí=EÄF=Ñçê=íÜÉ=êÉã~áåáåÖ=é~êíë=çÑ=íÜÉ=èìÉëíáçåK=m~êí
EÅF=ï~ë=ÑêÉèìÉåíäó=ëçäîÉÇ=ÅçêêÉÅíäó=~äíÜçìÖÜ=åçí=~äï~óë=áå=ê~Çá~åë=~åÇ=åçí=~äï~óë=ÖáîáåÖ
ÄçíÜ= ëçäìíáçåëK= m~êí= EÇF= éêçîÉÇ= Ü~êÇÉêI= ÇÉÑÉ~íáåÖ= ã~åó= Å~åÇáÇ~íÉë= ïÜç= ÅçìäÇ= åçí
çÄí~áå=~=íêáÖçåçãÉíêáÅ=Éèì~íáçå=áå=~=ëáåÖäÉ=ÑìåÅíáçåK=lÑ=íÜçëÉ=ïÜç=éêçÅÉÉÇÉÇ=íç=é~êí
EÉFI= ãçëí= ïÉêÉ= ëìÅÅÉëëÑìä= Äìí= ëçãÉ= ã~ÇÉ= ~êáíÜãÉíáÅ= ëäáéë= ïÜáÅÜ= äÉÑí= íÜÉã= ïáíÜ= ~
åìãÉêáÅ~ä=íÉêã=~ë=ïÉää=~ë= 4cos 2θ =íç=áåíÉÖê~íÉK=qÜÉêÉ=ï~ë=~=ä~Åâ=çÑ=~ééêÉÅá~íáçå=çÑ=íÜÉ
íÉêã=“Éñ~Åí=î~äìÉÒ=~åÇ=ã~åó=Å~åÇáÇ~íÉë=Ö~îÉ=~=P=ëáÖåáÑáÅ~åí=ÑáÖìêÉ=Ñáå~ä=~åëïÉêK

nìÉëíáçå=NP

få=é~êí=EáF=E~F=ãçëí=Å~åÇáÇ~íÉë=íêáÉÇ=íç=ÅçåîáåÅÉ=íÜÉ=Éñ~ãáåÉêë=íÜ~í=íÜÉ=ëí~íÉãÉåí=ÖáîÉå
ï~ë=ÅçêêÉÅí=Äìí= áå= íçç=ã~åó= Å~ëÉë= íÜÉ= Ñçêãìä~=ÇáÇ=åçí= Ñçääçï= Ñêçã=íÜÉáê=ïçêâáåÖK= få
é~êí= EááF= ãçëí= ÅçìäÇ= ÑáåÇ= ( )f x′ = Äìí= ëçãÉ= Ñ~áäÉÇ= íç= êÉ~äáëÉ= íÜ~í= çåäó= íÜÉ= ëáÖå= çÑ= íÜÉ

åìãÉê~íçê=åÉÉÇ=ÄÉ=ÅçåëáÇÉêÉÇ=íç=ÇÉíÉêãáåÉ=íÜÉ=î~äìÉë=çÑ=ñ=Ñçê=ïÜáÅÜ=íÜÉ=ÇÉêáî~íáîÉ=áë
åÉÖ~íáîÉK=sÉêó=ÑÉï=ëí~íÉÇ=íÜ~í= 4x ≠ − K

nìÉëíáçå=NQ

jçëí= Å~åÇáÇ~íÉë=ïÜç=~ííÉãéíÉÇ= íÜáë=èìÉëíáçå=ÅçìäÇ= ÑáåÇ= íÜÉ=îÉÅíçêë= êÉèìáêÉÇ= áå=é~êí
E~FK= få=é~êí= EÄF= ëçãÉ=Å~åÇáÇ~íÉë=ã~ÇÉ=ìëÉ=çÑ= íÜÉ=Ñçêãìä~= Ñçê= íÜÉ=éçëáíáçå=îÉÅíçê=çÑ=~
éçáåí=ÇáîáÇáåÖ=~=äáåÉ=áå=~=ÖáîÉå=ê~íáç=~åÇ=éêçÇìÅÉÇ=~=ëìÅÅáåÅí=ëçäìíáçåK=eçïÉîÉêI=ã~åó

çíÜÉêë=ïÜç=~ííÉãéíÉÇ=íç=ëçäîÉ=íÜÉ=éêçÄäÉã=Äó=ìëáåÖ=~=ãìäíáéäÉ=çÑ= BC
�

ÅçìäÇ=åçí=ã~âÉ
ÅçêêÉÅí= ìëÉ= çÑ= íÜÉ= ê~íáçI= ~äíÜçìÖÜ= íÜÉó= çÑíÉå= ÅçåîáåÅÉÇ= íÜÉãëÉäîÉë= íÜ~í= íÜÉó= ÅçìäÇ
çÄí~áå=íÜÉ=êÉèìáêÉÇ=ëí~íÉãÉåíK=qÜÉêÉ=ï~ë=äáííäÉ=ìåÇÉêëí~åÇáåÖ=çÑ=íÜÉ=ÅçåÇáíáçå=Ñçê=íïç
îÉÅíçêë=íç=ÄÉ=é~ê~ääÉä=~åÇ=ÜÉåÅÉ=ÑÉï=ÅçêêÉÅí=î~äìÉë=çÑ=λ K=`çåëÉèìÉåíäó=ãçëí=Å~åÇáÇ~íÉë
ÑçìåÇ=áí=áãéçëëáÄäÉ=íç=ÅçãéäÉíÉ=íÜÉ=êÉëí=çÑ=íÜÉ=èìÉëíáçå=ÅçêêÉÅíäóK

m~éÉê=O

pÉÅíáçå=^

nìÉëíáçå=N

jçëí=Å~åÇáÇ~íÉë=âåÉï=~åÇ=ÅçìäÇ=~ééäó=íÜÉ=éêçÇìÅí=~åÇ=èìçíáÉåí=êìäÉë=ïÉääK=qÜÉ=ãçëí
Åçããçå=Éêêçê=ï~ë=íç=~ÇÇ=íÜÉ=íïç=íÉêãë=áå=íÜÉ=åìãÉê~íçê=çÑ=íÜÉ=èìçíáÉåí=êìäÉ=ê~íÜÉê
íÜ~å=ëìÄíê~ÅíáåÖK=j~åó=Ñ~áäÉÇ=íç=íáÇó=ìé=íÜÉáê=~åëïÉê=áå=é~êí=EÄFK



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=NS=çÑ=NU

nìÉëíáçå=O

qÜÉ=Äáåçãá~ä=Éñé~åëáçå= áå= áíë=Ä~ëáÅ= Ñçêã=çÑ= EN=H=ñFå=ï~ë= ÅäÉ~êäó=ïÉää=âåçïåK=eçïÉîÉê

ã~åó=çÑ=íÜçëÉ=ïÜç=éêÉÑÉêêÉÇ=íç=Éñé~åÇ= ( )92 x− =Äó=Éñíê~ÅíáåÖ=~=Ñ~Åíçê=çÑ=O=ÑçêÖçí=íÜ~í

OV=ï~ë=êÉèìáêÉÇ

ÖáîáåÖ= ( )99
22 1 x− K= iÉëë= ÅçããçåI= Äìí= ãçêÉ= ÑêÉèìÉåíäó= ëìÅÅÉëëÑìäI= ï~ë= íÜÉ= ìëÉ= çÑ= íÜÉ

Éñé~åëáçå=çÑ= ( )na b+ K

nìÉëíáçå=P

qÜÉëÉ=ïÉêÉ=Öê~éÜë=íÜ~í=íÜÉ=Å~åÇáÇ~íÉë=ëÜçìäÇ=Ü~îÉ=ÄÉÉå=~ÄäÉ=íç=ëâÉíÅÜ=Ñêçã=ãÉãçêó
Äìí=ã~åó= Å~äÅìä~íÉÇ= î~äìÉëI=ï~ëíáåÖ= î~äì~ÄäÉ= íáãÉK= qçç=ã~åó= Öê~éÜë= ëíçééÉÇ= ~í= íÜÉ
ÅççêÇáå~íÉ=~ñÉë=~åÇ=ã~êâë=ïÉêÉ=äçëí=~ë=~=ÅçåëÉèìÉåÅÉK=pçãÉ=Öê~éÜë=ïÉêÉ=åçí=ëâÉíÅÜÉÇ
çå=íÜÉ=ë~ãÉ=~ñÉë=ã~êâáåÖ=é~êí=EÄF=îáêíì~ääó=áãéçëëáÄäÉ=íç=~åëïÉêK=cÉï=Å~åÇáÇ~íÉë=Ö~îÉ
Ñìääó= ë~íáëÑ~Åíçêó= ëçäìíáçåë= Ñçê= m~êí= EÄFX= íÜÉ= ëâÉíÅÜ= çå= áíë= çïå= ëÜçïë= íÜ~í= íÜÉ= êççí= áë
ÖêÉ~íÉê=íÜ~å=N=Äìí=ÑìêíÜÉê=ïçêâ=áë=åÉÅÉëë~êó=íç=ëÜçï=íÜ~í=áí=áë=äÉëë=íÜ~å=OK

nìÉëíáçå=Q

qÜÉêÉ=ïÉêÉ= îÉêó= ÑÉï= ÅçãéäÉíÉäó= ÅçêêÉÅí= ëçäìíáçåë= íç= íÜáë= èìÉëíáçåK= j~åó= êÉÅçÖåáëÉÇ
íÜ~í= ~å= áåÑáåáíÉ= ÖÉçãÉíêáÅ= ëÉêáÉë= ï~ë= áåîçäîÉÇI= Å~äÅìä~íáåÖ

( ) ( ) ( )2 3 34 4 4 4
5 5 5 52 2 2 2 2 ...+ × + × + × + × + K= `êÉÇáí= ï~ë= ÖáîÉå= Ñçê= íÜáëI= Äìí= Ñìää=ã~êâë=ïÉêÉ

çåäó=~î~áä~ÄäÉ=íç=íÜçëÉ=ïÜç=êÉä~íÉÇ=íÜáë=íç=íÜÉ=éêçÄäÉã=~åÇ=çÄí~áåÉÇ=íÜÉ=Ñáå~ä=~åëïÉê
çÑ=NUK

nìÉëíáçå=R

m~êí=E~F=ï~ë=ïÉää=~åëïÉêÉÇ=Äìí=ãìÅÜ=áã~Öáå~íáîÉ=ÑáÇÇäáåÖ=ï~ë=ëÉÉå=áå=íÜÉ=~ííÉãéíë=íç
éêçîÉ= íÜ~í= íÜÉ= íïç= ÖáîÉå= îÉÅíçêë= ïÉêÉ= éÉêéÉåÇáÅìä~êK= sÉêó= ÑÉï= êÉ~äáëÉÇ= íÜ~í= íÜÉ
éÉêéÉåÇáÅìä~êáíó=ÇÉéÉåÇÉÇ=çå=íÜÉ=áëçëÅÉäÉë=íêá~åÖäÉK

nìÉëíáçå=S

jçëí=Å~åÇáÇ~íÉë=êÉÅçÖåáëÉÇ=íÜ~í=íÜÉ=áÇÉåíáíó= 2 2cos sin 1θ θ+ = =ï~ë=êÉèìáêÉÇ=íç=çÄí~áå=~
èì~Çê~íáÅ=Éèì~íáçå=áå= cosθ K=qÜçëÉ=ïÜç=ëçäîÉÇ=íÜÉ=êÉëìäíáåÖ=Éèì~íáçå=ÅçêêÉÅíäó=ìëì~ääó
ëí~íÉÇ= íÜ~í= cos 2θ = − =ï~ë= áãéçëëáÄäÉK= pçãÉ=çåäó=Ö~îÉ=çåÉ= ëçäìíáçå= Ñçê= 2cos 1 0θ − = X
îÉêó=ÑÉï=~åëïÉêë=çìíëáÇÉ=íÜÉ=êÉèìáêÉÇ=ê~åÖÉ=ïÉêÉ=ëÉÉåK

nìÉëíáçå=T

qÜÉ=êÉã~áåÇÉê=íÜÉçêÉã=ï~ë=ïÉää=ìåÇÉêëíççÇ=~åÇ=~ééäáÉÇ=áå=é~êí=E~FK=eçïÉîÉê=áå=é~êí
EÄF=íÜÉ=ÅìÄáÅ=Éèì~íáçå=ï~ë=ÑêÉèìÉåíäó=íêÉ~íÉÇ=~ë=~=èì~Çê~íáÅ=~åÇ=íÜÉ=Ñçêãìä~=ï~ë=ìëÉÇ
íç=ëçäîÉ=áí=ïáíÜ=Çáë~ëíêçìë=êÉëìäíëK=qÜçëÉ=ïÜç=ÅçìäÇ=Çç=~äÖÉÄê~áÅ=Çáîáëáçå=çÄí~áåÉÇ=íÜÉ
íÜêÉÉ=~åëïÉêë=É~ëáäóK=qÜÉ=Öê~éÜ=áå=é~êí=EÅF=ï~ë=ëâÉíÅÜÉÇ=ïÉää=Äó=ãçëí=çÑ=íÜçëÉ=ïÜç=Ü~Ç
çÄí~áåÉÇ=~=ÅçêêÉÅí=ëçäìíáçå=íç=EÄFK=eçïÉîÉêI=ëçãÉ=Öê~éÜë=ëíçééÉÇ=~í=íÜÉ=ñJ~ñáë=~í=çåÉ
çê=ÄçíÜ=ÉåÇëK

nìÉëíáçå=U



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=NT=çÑ=NU

qÜçëÉ= ïÜç= ÅçêêÉÅíäó= çÄí~áåÉÇ= íÜÉ= Öê~ÇáÉåí= çÑ= íÜÉ= éÉêéÉåÇáÅìä~ê= ~äãçëí= ~äï~óë
éêçÅÉÉÇÉÇ=íç=~=ÅçêêÉÅí=Éèì~íáçå=áå=é~êí=E~FK=^ííÉãéíë=~í=ÑáåÇáåÖ=íÜÉ=ÅççêÇáå~íÉë=çÑ=íÜÉ
éçáåí=çÑ=áåíÉêëÉÅíáçå=çÑ=äN=~åÇ=äO=ÅçìäÇ=çåäó=ÄÉ=~ÅÅìê~íÉ=áÑ=~=ÅçêêÉÅí=Éèì~íáçå=Ü~Ç=ÄÉÉå
çÄí~áåÉÇK=få=é~êí=EÅF=ã~åó=Å~åÇáÇ~íÉë=ëÉÉãÉÇ=íç=íÜáåâ=íÜ~í=ëÜçïáåÖ=íÜ~í=íÜÉ=Öê~ÇáÉåí
çÑ=_a=ï~ë=íÜÉ=ë~ãÉ=~ë=íÜ~í=çÑ=äN=ï~ë=ëìÑÑáÅáÉåí=íç=ëÜçï=íÜ~í=íÜÉ=éçáåíë=ä~ó=çå=íÜÉ=äáåÉK
sÉêó= ÑÉï=Å~åÇáÇ~íÉë=ìåÇÉêëíççÇ= íÜÉ=ÖÉçãÉíêó=çÑ= íÜÉ= êÜçãÄìë= ëìÑÑáÅáÉåíäó= íç= ~åëïÉê
é~êí=EÇF=ëìÅÅÉëëÑìääóX=íÜÉó=ÑçìåÇ=íÜÉ=ÅççêÇáå~íÉë=çÑ=íÜÉ=ãáÇJéçáåí=çÑ=_a=~ë=ëìÖÖÉëíÉÇ=áå
íÜÉ=èìÉëíáçå= ~åÇ=~ëëìãÉÇ= íÜ~í= íÜáë= Ö~îÉ= íÜÉã= íÜÉ= ÅççêÇáå~íÉë= çÑ= `K=^= êçìÖÜ= ëâÉíÅÜ
ëÜçïáåÖ=íÜÉ=äáåÉë=~åÇ=íÜÉ=î~êáçìë=éçáåíë=ãÉåíáçåÉÇ=ïçìäÇ=Ü~îÉ=ÄÉÉå=ÄÉåÉÑáÅá~äK

pÉÅíáçå=_

nìÉëíáçå=V

m~êí=EáF=E~F=~åÇ=EÄF=ïÉêÉ=ãçëíäó=ÅçêêÉÅí=Äìí=é~êí=EÅF=éêçîÉÇ=íç=ÄÉ=ãìÅÜ=ãçêÉ=ÇÉã~åÇáåÖK
qÜçëÉ= ïÜç= ã~å~ÖÉÇ= íç= ÅÜ~åÖÉ= íÜÉ= Ä~ëÉ= ë~íáëÑ~Åíçêáäó= çÑíÉå= Ñ~áäÉÇ= íç= ÅçåîÉêí= íÜÉ
Éèì~íáçå= íç= ~= èì~Çê~íáÅ= ïÜáÅÜ= íÜÉó= ÅçìäÇ= ëçäîÉK= få= é~êí= EááF= ã~åó= ãáëáåíÉêéêÉíÉÇ
f ( ) 3 and f ( ) 4 as f (3)  and f (4)r s r s= = = = K

nìÉëíáçå=NM

qÜáë= èìÉëíáçå=ï~ë= ÑçìåÇ= íç= ÄÉ=ãçêÉ= Éñ~ÅíáåÖ= íÜ~å= éêÉîáçìë= èìÉëíáçåë= áåîçäîáåÖ= íÜÉ
ëóããÉíêáÅ=ÑìåÅíáçåë=çÑ=~=èì~Çê~íáÅ=Éèì~íáçåK=qÜÉ=~äÖÉÄê~= áå=é~êí= E~F=Å~ìëÉÇ=éêçÄäÉãë

ïÜÉå= ( )2 22 α β+ = ï~ë= ÅçåîÉêíÉÇ= íç= ( )22 2α β αβ+ − K= `~åÇáÇ~íÉë= Ñ~áäÉÇ= íç= ~ééêÉÅá~íÉ

íÜ~í=ïÜÉå=íÜÉó=éêçÅÉÉÇÉÇ=íç=é~êí=EÄF=íÜÉó=ïÉêÉ=ëíáää=ïçêâáåÖ=çå=íÜÉ=ë~ãÉ=Åçåíáåìçìë
èìÉëíáçå=~åÇ=ëç=íÜÉ=î~äìÉë=çÑ=  and α β =ïÉêÉ=ìåÅÜ~åÖÉÇK=sÉêó=ÑÉï=Å~åÇáÇ~íÉë=ïÉêÉ=~ÄäÉ
íç=~ííÉãéí=é~êíë=EÅF=çåï~êÇë=~ë=íÜÉó=Ü~Ç=åç=î~äìÉë=Ñçê=~I=Ä=~åÇ=ÅK

nìÉëíáçå=NN

j~åó= Å~åÇáÇ~íÉë=éêçÇìÅÉÇ=ÖççÇ= ëçäìíáçåë= Ñçê= íÜáë= èìÉëíáçåK=eçïÉîÉê= ëçãÉ= Ñ~áäÉÇ= íç
ìåÇÉêëí~åÇ=íÜÉ=~åÖäÉë=íÜÉó=Ü~Ç=íç=Å~äÅìä~íÉ=çê=ìëÉÇ=äÉåÖíÜó=ãÉíÜçÇë=áåîçäîáåÖ=íÜÉ=ëáåÉ
~åÇLçê=ÅçëáåÉ=êìäÉë=íÜêçìÖÜ=ÉáíÜÉê=åçí=~ééêÉÅá~íáåÖ=íÜ~í=íÜÉ=ÜÉáÖÜí=ï~ë=éÉêéÉåÇáÅìä~ê
íç=íÜÉ=Ä~ëÉ=çê=ìëáåÖ=~=ä~êÖÉê=íêá~åÖäÉ=íÜ~å=ï~ë=åÉÅÉëë~êóK

nìÉëíáçå=NO

qÜÉ=ãçëí=Åçããçå=~ééêç~ÅÜ=ï~ë=íç=ìëÉ=íÜÉ=êÉã~áåÇÉê=íÜÉçêÉã=íÜêÉÉ=íáãÉë=íç=éêçÇìÅÉ
íÜêÉÉ=Éèì~íáçåë=ïÜáÅÜ= ëçãÉ=Å~åÇáÇ~íÉë=ã~å~ÖÉÇ= íç= ëçäîÉ= íç=çÄí~áå= ÅçêêÉÅí= ëçäìíáçåë
Ñçê=é~êíë=E~F=~åÇ=EÄFK
^=ÑÉï=êÉ~äáëÉÇ=íÜ~í=íÜÉ=ÖáîÉå=ÅççêÇáå~íÉë=ÅçìäÇ=ÄÉ=ìëÉÇ=íç=ÖáîÉ=~=Ñ~Åíçêáë~íáçå=çÑ=ÑEñF
ïÜáÅÜ=íÜÉó=íÜÉå=ãìäíáéäáÉÇ=çìíK= få=é~êí= EÅF=ã~åó=Å~åÇáÇ~íÉë=Ö~îÉ= íÜÉ=~åëïÉêë= áå= ëìêÇ
Ñçêã=~åÇ= íÜÉå=ï~ëíÉÇ= íÜÉáê= íáãÉ=Äó=éêçÅÉÉÇáåÖ= íç=éêçÇìÅÉ= P= ÑáÖìêÉ= ~ééêçñáã~íáçåëK
qÜÉ= ëâÉíÅÜ=Öê~éÜë=ïÉêÉ=ÖÉåÉê~ääó=ÖççÇ=Äìí=~Ö~áåI= íçç=ã~åó= ëíçééÉÇ=~í= íÜÉ=ñJ~ñáë= ~í
çåÉ= çê= ÄçíÜ= ÉåÇëK= qÜçëÉ= ïÜç= Ü~Ç= êÉ~ëçå~ÄäÉ= î~äìÉë= Ñçê= éI= è= ~åÇ= ê= ïÉêÉ= ~ÄäÉ= íç
áåíÉÖê~íÉ=íÜÉ=ÑìåÅíáçå=ÅçêêÉÅíäó=~åÇ=ã~åó=ÅçêêÉÅí=î~äìÉë=ïÉêÉ=éêçÇìÅÉÇ=Ñçê=íÜÉ=~êÉ~K

nìÉëíáçå=NP

qÜÉêÉ=ïÉêÉ=~=ÑÉï=Éêêçêë=áå=é~êí=E~FI=ÖÉåÉê~ääó=ÇìÉ=íç=Å~êÉäÉëëåÉëëK=^=ëáÖåáÑáÅ~åí=åìãÄÉê
çÑ=Å~åÇáÇ~íÉë=Ñ~áäÉÇ=íç=êÉ~äáëÉ=íÜ~í=íÜÉ=ÜÉáÖÜí=~åÇ=Ä~ëÉ=çÑ= PQR∆ =ïÉêÉ=âåçïå=Ñêçã=íÜÉ
ÅççêÇáå~íÉëX=~Ö~áå=~=êçìÖÜ=Çá~Öê~ã=ïçìäÇ=Ü~îÉ=ÜÉäéÉÇK=s~êáçìë=ÅçãéäÉñ=ãÉíÜçÇë=Ñçê



bÇÉñÅÉä=fåíÉêå~íáçå~äI=l=iÉîÉä=j~êâ=pÅÜÉãÉ=~åÇ=bñ~ãáåÉêëD=oÉéçêí
mìêÉ=j~íÜÉã~íáÅë=TPSOI=j~ó=L=gìåÉ=OMMM m~ÖÉ=NU=çÑ=NU

ÑáåÇáåÖ= íÜÉ= ~êÉ~= ïÉêÉ= ìëÉÇ= ~ë= ~= ÅçåëÉèìÉåÅÉK= cáåÇáåÖ= íÜÉ= äÉåÖíÜ= çÑ= mn= Ö~îÉ= ÑÉï
éêçÄäÉãëK=j~åó=~ëëìãÉÇ=íÜ~í=p=ï~ë=íÜÉ=ãáÇJéçáåí=çÑ=mn=~åÇ=ëç=ÅçìäÇ=åçí=ÅçãéäÉíÉ=íÜÉ
èìÉëíáçå= ÅçêêÉÅíäóK= qÜçëÉ= ïÜç= ìëÉÇ= íÜÉ= áåíÉåÇÉÇ= ~ééêç~ÅÜ= Ü~Ç= äáííäÉ= ÇáÑÑáÅìäíó
çÄí~áåáåÖ=~å=Éèì~íáçå=çÑ=opK=qêóáåÖ=íç=ïêáíÉ=Ççïå=íÜÉ=áåÉèì~äáíáÉë=êÉèìáêÉÇ=áå=é~êí=EÑF
ïáíÜçìí=~=ëâÉíÅÜ=ï~ë=Çáë~ëíêçìë=~ë=ã~åó=ïÜç=ìëÉÇ=íÜÉ=ÅçêêÉÅí=Éèì~íáçåë=êÉîÉêëÉÇ=ëçãÉ
çê= ~ää= çÑ= íÜÉ= áåÉèì~äáíó= ëáÖåëK=j~åó= Å~åÇáÇ~íÉë=ïçêâÉÇ= çìí= Éèì~íáçåë= Ñçê= mn= ~åÇ= mo
E~åÇ= çÑíÉå= Öçí= íÜÉã=ïêçåÖF= áåëíÉ~Ç= çÑ= ìëáåÖ= íÜÉ= çåÉë= íÜÉó= Ü~Ç= ÄÉÉå= ÖáîÉå= ~í= íÜÉ
ÄÉÖáååáåÖ= çÑ= íÜÉ= èìÉëíáçåK= bîÉå= áÑ= íÜÉ= Éèì~íáçåë=ïÉêÉ= ÅçêêÉÅí= ~äãçëí= ~ää= Å~åÇáÇ~íÉë
ìëÉÇ=  and  instead of  and „ … < > K

nìÉëíáçå=NQ

qÜáë= ëÉÉãÉÇ= íç= ÄÉ= íÜÉ= äÉ~ëí= éçéìä~ê= èìÉëíáçåI= éçëëáÄäó= ÄÉÅ~ìëÉ=ãçëí= Å~åÇáÇ~íÉë= Ü~Ç
ÑçìåÇ= Ñçìê= ëìáí~ÄäÉ= èìÉëíáçåë= ÄÉÑçêÉ= êÉ~ÅÜáåÖ= íÜÉ= Ñáå~ä= çåÉK=jçëí= Öê~éÜë=ïÉêÉ=ïÉää
Çê~ïå= ~äíÜçìÖÜ= íÜÉêÉ=ïÉêÉ= ëíáää= ëçãÉ= Å~åÇáÇ~íÉë=ïÜç=Ü~Ç= çÇÇ= äìãéë= ~åÇ= Äìãéë= áå
íÜÉáê= ÅìêîÉë=ïÜáÅÜ= íÜÉó= ëÜçìäÇ= Ü~îÉ= êÉÅçÖåáëÉÇ= ~ë= ÉêêçêëK= ^= ÑÉï= éÉêëáëíÉÇ= áå= ìëáåÖ= ~
êìäÉê=íç=àçáå=íÜÉáê=éäçííÉÇ=éçáåíë=ïÜáÅÜ=áë=åçí=~ÅÅÉéí~ÄäÉK=qÜçëÉ=ïÜç=~ííÉãéíÉÇ=íç=Çê~ï
íÜÉ= äáåÉë= ïÉêÉ= ìëì~ääó= ëìÅÅÉëëÑìä= áå= é~êí= EÇF= Äìí= áå= é~êí= EÉF= ã~åó= ÇêÉï

10 204  instead of  2x xy y= − = − K

mrob=j^qebj^qf`p=TPSOI=do^ab=_lrka^ofbp

dê~ÇÉ ^ _ ` a b

içïÉëí=ã~êâ
Ñçê=~ï~êÇ=çÑ

Öê~ÇÉ
TU SP QU QP PS

kçíÉW= =dê~ÇÉ= ÄçìåÇ~êáÉë= ã~ó= î~êó= Ñêçã= óÉ~ê= íç= óÉ~ê= ~åÇ= Ñêçã= ëìÄàÉÅí= íç= ëìÄàÉÅíI
ÇÉéÉåÇáåÖ=çå=íÜÉ=ÇÉã~åÇë=çÑ=íÜÉ=èìÉëíáçå=é~éÉêK





bÇÉñÅÉä=mìÄäáÅ~íáçåëI=^Ç~ãëï~óI=j~åëÑáÉäÇI=kçííëI=kdNU=QikI=rh

qÉä=H=QQ=NSOP=QRM=TUN
c~ñ=H=QQ=NSOP=QRM=QUN

lêÇÉê=`çÇÉW=rlMNMUQS

cçê=ãçêÉ=áåÑçêã~íáçå=çå=bÇÉñÅÉä=èì~äáÑáÅ~íáçåë=éäÉ~ëÉ=Åçåí~Åí=ìëW
fåíÉêå~íáçå~ä=`ìëíçãÉê=oÉä~íáçåë=råáíI
píÉï~êí=eçìëÉI=PO=oìëëÉää=pèì~êÉI=içåÇçåI=t`N_=Ra
qÉä==H=QQ=OM=TTRU=RSRS
c~ñ=H=QQ=OM=TTRU=RVRV
fåíÉêå~íáçå~ä]ÉÇÉñÅÉäKçêÖKìâ
ïïïKÉÇÉñÅÉäKçêÖKìâLáåíÉêå~íáçå~ä

bÇÉñÅÉä=cçìåÇ~íáçå=áë=~=êÉÖáëíÉêÉÇ=ÅÜ~êáíó=~åÇ=~=`çãé~åó=iáãáíÉÇ
_ó=dì~ê~åíÉÉ=oÉÖáëíÉêÉÇ=áå=båÖä~åÇ=kçK=NSUSNSQ

http://www.edexcel.org/
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