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S o o n a fte r th e d isc o v e ry th a t w e liv e in a se p a ra te

g a la x y a n d th a t th e re a re m a n y o th e r g a la x ie s

in th e u n iv e rse , H u b b le d e sig n e d a c la ssī c a tio n

sch e m e o f g a la x ie s b a se d o n th e ir a p p e a ra n c e s.

It w a s su ch a ro b u st sc h e m e th a t it c o n tin u e s to

b e o n e o f th e b a sic to o ls o f m o d e rn a stro n o m y ,

a n d m o tiv a te s a stro n o m e rs to lo o k fo r c o n n e c -

tio n s b e tw e e n d i® e re n t ty p e s o f g a la x ie s.

G a lax ies are th e b u ild in g b lo ck s of ou r u n iverse. T h ey
com e tog eth er to form d i® eren t stru ctu res, su ch as clu s-
ters a n d su p erclu sters of g alax ies, w h ich ¯ ll ou r u n iv erse.
B u t th ey a re n ot b u ild in g b lo ck s in th e sen se of a tom s
b ein g th e fu n d am en ta l b u ild in g b lo ck s of m atter. E a ch

ga la x y lo ok s d i® eren t an d o n e w ou ld b e lost in th e zo o of
ga la x ies if th ere w ere n o t so m e b ro ad classes in to w h ich
ga la x ies cou ld b e sep ara ted . It w a s E d w in H u b b le w h o
¯ rst classī ed g alax ies a cco rd in g to th eir ap p earan ce.

T h is classī cation sch em e h a s n ow b eco m e th e b ed ro ck
of m o d ern a stron om y, an d a stron o m ers h av e ev en w o n -
d ered if th ere is som eth in g in th is cla ssī catio n sch em e
th at g o es b eyo n d m ere ap p ea ran ces. F o r ex am p le, is
th ere a p h y sica l b a sis to th ese categ ories? G o in g fu r-

th er, a stron o m ers h av e even w on d ered if H u b b le's ga la x y
ty p es fo rm an evolutionary seq u en ce: d o es on e ty p e of
ga la x y evo lv e into a n oth er?

1 . T h e D isc o v e ry o f G a la x ie s

A stron o m ers b eg an to p on d er th ese issu es o n ly after
th ey d iscov ered w h a t w as m ean t b y a galax y. It w a s

in th e 1 920 s th at astro n om ers realised th at w e live in a
sep ara te galax y, an d th at o th er ga la x ies w ere ìslan d s'
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Figure 1. A sketch  of the

Whirlpool galaxy (Messier

51) by William Parsons (The

Earl of Rosse) in the 19th

century.

in th e vastn ess of sp a ce. E a rlier a stron o m ers h ad n o -
ticed a few d i® u se p atch es of ligh t in th e sta rry sk y,
an d w on d ered a b o u t th em . T h e ¯ rst reco rd ed ob serva -

tio n s o f th ese d̀ i® u se p a tch es o f ligh t' w ere m ad e b y
a P ersian astron om er n a m ed A b d a l-R a h m an al-S u ¯
(p o p u la rly k n ow n in th e w est as A zop h i), w h o o b served
th e A n d ro m ed a g alax y in 96 4 A D , a s w ell as tw o oth er
c̀lou d s', n ow ca lled th e L a rge a n d th e S m all M ag ella n ic

C lou d s. F erd in a n d M a gellan ob served th ese clou d s w h en
h e sa iled aro u n d th e w o rld in early six teen th cen tu ry,
an d w rote a b ou t th em .

A fter th e in v en tion o f telesco p es, in m id -eigh teen th cen -

tu ry, C h arles M essier m ad e a cata lo gu e o f b̀ lu rry ' o b -
jects th a t d id n o t m ov e, so th at h e d id n ot m ista ke th em
for com ets, w h ich w ere h is m ain targ ets. A n u m b er of
ob jects in h is list (th e M essier C a talogu e) w ere later
revealed a s sep arate ga la x ies. A ro u n d th at tim e, th e

G erm a n p h iloso p h er Im m an u el K an t h y p oth esized th at
w e liv e in sid e a c̀lu ster' o f sta rs, w h ich w e call th e M ilk y
W ay, an d w on d ered if th e b lu rred ǹ eb u la e' w ere d istan t
version s o f o u r ow n M ilk y W ay. A fter a cen tu ry, th e E arl
of R osse m ad e sk etch es o f som e o f th ese n eb u la e (F igure

1), w h ich sh ow ed stru ctu res like sp iral a rm s em a n atin g
from a cen tral region .



228 RESONANCE ⎜ March  2009

GENERAL  ⎜ ARTICLE

1 See article by Biman Nath in

Resonance, Vol.6, No.6, pp.2–

3, June 2001.

A stron o m ers m ad e som e p ro gress in learn in g a b ou t th ese
n eb u la e w h en th ey b ega n to stu d y th eir sp ectra in th e
early tw en tieth cen tu ry. V esto S lip h er a t th e F la gsta ®

ob serva tory (A rizon a ) fou n d th a t lin es in th e sp ectra of
so m e of th em w ere sh ifted to th e red sid e. If w e stu d y
th e sp ectru m of th e S u n , w e ¯ n d a n u m b er of d a rk lin es
su p erp osed o n a b ack g rou n d of th e rain b ow co lo u rs from
b lu e to red . T h ese d a rk lin es are ca u sed b y ab sorp tion

b y a tom s in th e ou ter p a rts of th e S u n . T h e sp ectra of
n eb u la e also sh ow ed th ese d ark lin es, b u t o ften sligh tly
sh ifted tow ard th e red .

O n e in terp reta tio n of th ese r̀ed sh ifts' w as th at th ese

n eb u la e w ere m ov in g aw ay fro m u s. W h en w e listen to
th e sou n d com in g from a reced in g sou rce, its p itch a p -
p ears to d ecrea se, im p ly in g th at th e w avelen g th o f th e
so u n d h a s in creased . T h e sa m e p h en o m en o n h ap p en s
in th e case of lig h t a s w ell, b eca u se ligh t is a n electro -

m agn etic w ave. S o , th e lig h t from a reced in g n eb u la
ap p ears red b eca u se th e w avelen g th sh ifts tow a rd s th e
red p art of th e sp ectru m , a n d th e a m o u n t o f red d en in g
is p rop ortion a l to its sp eed relative to u s.

S lip h er h ad d iscov ered red sh ift in th e ca se o f som e n eb -
u lae, a n d sp ecu lated th at th ey d id n ot b elo n g to ou r
M ilk y W ay. H u b b le h ap p en ed to a tten d a sem in a r b y
S lip h er d u rin g h is stu d en t d ay s, an d w as p ossib ly in -
sp ired to in vestigate th is fu rth er. M u ch la ter, h e w a s

ab le to resolve six p ecu liar stars in th e im ag e of A n d ro -
m ed a ga la x y, ta ken w ith a 100 -in ch a p ertu re telesco p e
at M ou n t W ilso n , in 19 24. T h ese sta rs w ere p ecu liar
in th e sen se th at th eir b rig h tn ess va ried in a regu lar
fash ion , an d th ey h ad b een ea rlier stu d ied b y H en rietta

L eav itt1 in 19 12. S h e h ad d iscovered th at th e tim e p e-
rio d for th e b righ tn ess variatio n in th ese C̀ ep h eid stars'
w as in versely p rop o rtio n al to th eir a ctu a l b righ tn ess.
T h e lon g er a C ep h eid star to ok to g o th rou gh a cy cle
of b rig h tn ess variation , th e b righ ter it w as. A n d o n ce

on e k n ow s th e a ctu al b righ tn ess o f a n ob ject, th e com -
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2 The classification of plants and

animals was done by Carl

Linnaeus in the eighteenth

century. We now know that it is

related, to  a large extent, to

common descent based on the

theory of evolution by natural

selection proposed by Darwin

and Wallace.

p ariso n w ith its apparent b righ tn ess g iv es its d ista n ce
from u s.

H u b b le u sed th e d ata of C ep h eid stars in A n d rom ed a
ga la x y to d ed u ce its d ista n ce, an d fou n d th a t it lay at
a d istan ce m u ch larger th an th e size of ou r M ilk y W ay
(w h ich w as estim ated ea rlier, ag ain fro m u sin g C ep h eid
stars in ou r G a la x y ). T h e p ictu re of ou r u n iverse w a s

at on ce tran sform ed b y th is m easu rem en t: K an t w a s
correct a fter all, a n d th e n eb u lae-lik e A n d ro m ed a w ere
sep ara te galax ies like o u r M ilk y W ay.

In th e d eca d e after th is, H u b b le stu d ied th ou san d s of
ga la x ies, an d so u gh t to b rin g so m e ord er in to th e zo o of
m y ria d g alax ies. H is cla ssī catio n sch em e w a s b ased on
th e ap p ea ran ce of th e ga lax ies. It m akes sen se to clas-
sify o b jects a ccord in g to th eir m o rp h olog y w h en th eir

p h y sical con stitu en ts a re n ot w ell k n ow n . N atu ralists
in p rev iou s cen tu ries h ad d iv id ed th e p lan t a n d a n im al
k in g d om in to d i® eren t cla sses m o stly b ased on th e o u t-
w ard ly a p p eara n ces a n d b eh av iou r of d i® eren t sp ecies2 .
O n e h ow ever h op es th a t th e cla ssī ca tio n sch em e w ou ld

reveal so m e u n d erly in g p attern th a t h a s so m e physical

m ea n in g as w ell. In th is resp ect, H u b b le w a s fortu n a te;
h is sch em e h as p roved to b e so rob u st th at it h as n ot
on ly su rv iv ed u n til n ow , b u t a lso h as b eco m e a n essen -
tia l to o l in stu d y in g ga la x ies.

2 . H u b b le 's G a la x y C la sse s

H u b b le d iv id ed ga lax ies b ro ad ly in to th ree ty p es: ellip -

tical, sp iral, a n d irreg u lar, w ith su b d iv isio n s w ith in ea ch
cla ss.

E llip tical g ala x ies a re ca lled so b eca u se th ey look like

ellip ses. T h ey are d en o ted b y th e letter È ' an d a n u m -
b er th a t d escrib es th e ga la x y 's a p p aren t sh a p e: 0 for a
com p letely rou n d sh a p e, 5 fo r on e fo r w h ich th e len gth
is tw ice its w id th , a n d 7 fo r a p p aren tly ° a t (b u t actu ally
ellip tical) ga la x y. O f cou rse, from th e im a ge o f a g alax y,
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Figure 2 a.  Hubble’s galaxy

classification scheme can

be shown in the form of a

‘tuning fork’ diagram: ellip-

tical galaxies are on the left,

with spherical to more flat-

tened  galaxies arranged

from left to right; and spiral

galaxies are put in two par-

allel branches, for ordinary

and barred spirals, in a se-

quence of gradually loos-

ening of spiral arms and

diminishing brightness of

the central bulge.

on e can n o t in fer its true sh a p e. A g alax y m ay lo o k ° a t-
ten ed b y a d i® eren t d egree if v iew ed from a d i® eren t
d irectio n .

S p iral ga la x ies a re m a rked b y sp iral à rm s' a rou n d a
b righ t, n u clear reg io n , o ften called th e b̀ u lge'. T h ey are
d iv id ed in to tw o b ran ch es, ca lled ord in ary (a n d d en oted
b y S̀ ') an d b a rred ( S̀ B '). B a rred sp iral g alax ies ap p ear

to h av e an elon g ated ro d -like fea tu re in th eir cen tre, a n d
th e sp iral arm s b egin at th e en d s of th is b̀ a r'.

T h ese tw o b ra n ch es are fu rth er su b d iv id ed in to a se-

q u en ce S a , S b , an d S c (w ith p arallel su b d iv isio n s in
th e b a rred b ra n ch , S B a, S B b , an d S B c). T h is seq u en ce
track s tw o a sp ects of sp iral galax ies: (1) th e b righ tn ess
of th e cen tral b u lg e, a n d (2) th e tigh tn ess o f th e w in d in g
of a rm s. S p iral ga la x ies w ith a b righ t b u lge a n d tigh tly

w ou n d arm s fa ll in to S̀ a' category, an d th ose w ith a
relatively less b rig h t b u lg e an d lo osely w ou n d a rm s are
called S̀ c'. T h o se w ith in term ed iate b u lge b righ tn ess
an d tig h tn ess o f arm s a re p u t in th e S̀ b ' catego ry. T h e
b arred b ran ch o f sp iral galax ies h a s a sim ilar su b d iv i-

sion , d ep en d in g o n th e b rig h tn ess of th e b u lge an d tigh t-
n ess o f th eir a rm s.

H u b b le p u t ellip ticals an d th ese tw o b ran ch es o f sp iral
ga la x ies in th e form o f a t̀u n in g fo rk ' d iag ram , in w h ich

th e seq u en ce o f b arred sp ira ls m irror th a t o f th e ord in ary
sp irals, w ith th e d i® eren ce th at th ey h ave a n ad d ition al
b ar. (F igure 2a an d 2 b )
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Figure 2b. Hubble’s ‘tuning

fork’ diagram with actual

images of galaxies.

T h en th ere are galax ies w ith n o p a rticu lar sh a p e, a n d
H u b b le ca lled th em ìrregu lar' ga la x ies ( Ìrr'). A fter
H u b b le, astron om ers also in clu d ed a n in term ed iate ty p e

of galax ies, b etw een ellip ticals an d sp ira ls, called S O .
H u b b le h ad h y p o th esized su ch an in term ed ia te cla ss, b u t
it w as recog n ized m u ch la ter.

3 . P h y sic a l B a sis o f th e H u b b le S e q u e n c e

F ortu n a tely, th e H u b b le seq u en ce of ga la x ies co rrelates
w ith m an y p h y sical asp ects of g alax ies, a n d n o t ju st
th eir a p p eara n ce.

S te lla r P o p u la tio n : E llip tical ga la x ies are d o m in ated
b y a n old er p op u lation of sta rs, w h erea s ligh t from you n g
stars m ostly d eterm in e th e b righ tn ess o f sp ira l galax ies.

W e k n ow th a t stars sh in e b ecau se o f th erm o-n u clea r re-
actio n s in th eir co res. N u clei can b e fu sed at h ig h tem -
p eratu re a n d d en sity th at is ava ilab le in stellar in teriors,
an d th e en ergy relea sed in th e fu sio n reaction is rad iated
b y sta rs in th e form o f lig h t. B u t stars h ave a p ecu liar
p rop erty th a t m ore m assiv e stars u se u p th eir n u clear

fu el faster th an a low -m a ss star. F o r ex am p le, a star
like ou r S u n w ill tak e ab ou t ten b illio n y ea rs to u se u p
its f̀u el' in th e core, w h erea s a sta r ten tim es a s m assive
w ill tak e as little a s ten m illio n years to d o th e sam e.
T h is im p lies th at sh o rt-lived stars a re u su a lly m assive

stars, an d if on e ca n ob serve a region of on -go in g star
form ation , on e is lik ely to sp ot several of th ese sh o rt-
lived a n d m assiv e stars.
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N ex t, co n sid er th e relatio n b etw een th e colou r o f a star
an d its m ass. M a ssive stars are u su ally h o t, ow in g to
th e fact th at grav itation a l p ressu re at th e core of th ese

stars is ex trem ely la rge, w h ich com p resses th e g as to a
h igh tem p eratu re. W e also k n ow th a t th e colou r of an
ob ject d ep en d s on its tem p eratu re: as o n e in creases th e
tem p era tu re, th e co lo u r ch an g es from red to ora n ge to
yellow an d so o n . T h e sam e th in g h a p p en s to stars, a n d

so th e co lo u r of th e h o t, m assive sta rs is b lu er th an th at
of th e rest. L ow -m ass sta rs are, th erefore, u su ally red .
O u r S u n is a n average sta r a s far as m ass is con cern ed ,
an d its yellow colou r fa lls m id w ay b etw een th e ex trem es
of b lu e a n d red sta rs.

E llip tical galax ies, w ith a p rep on d eran ce o f old stars,
th erefo re lo o k red . T h e arm s in sp iral ga la x ies are u su -
ally sites of cu rren t star fo rm a tion , an d th erefore lo ok
m ostly b lu e. T h e cen tral b u lge of sp ira l g alax ies, h ow -

ever, lo ok s red b ecau se th e sta rs th ere a re m ostly old
an d red . A s a m atter of fact, th e co lou r ch a n ges from
red to b lu e a s o n e go es alon g th e sp ira l seq u en ce, from
S a to S c. T ig h tly w ou n d sp iral g alax ies, closer to th e
p ivot in H u b b le's tu n in g fo rk d ia gram , a re red d er th an

sp irals a t th e en d of th e sp ira l seq u en ce.

T h erefo re, th e H u b b le seq u en ce of g ala x ies is a seq u en ce
of th eir co lo u rs (from red to b lu e as on e go es from th e
left to righ t of th e tu n in g fork d iagra m ), an d an age

seq u en ce of stars from old to you n g.

G a s a n d D u st C o n te n t: T h e H u b b le seq u en ce of
ga la x ies a lso tu rn s ou t to b e a seq u en ce w ith in crea sin g

am ou n t of d i® u se ga s, from alm ost d u st a n d g as-free
ellip ticals to d u st an d ga s-rich sp iral g ala x ies. A lso , S c
(S B c) g alax ies co n ta in m o re d u st a n d g as th an S a (S B a)
an d S b (S B b ).

T h is seq u en ce can b e u n d ersto o d in term s of star-fo rm a -
tio n activ ities. S tars form in d en se ga seou s clo u d s, w h ich

The colour of an

object depends on its

temperature: as one

increases the

temperature, the

colour changes from

red to orange to

yellow and so on. The

same thing happens

to stars,  and so the

colour of the hot,

massive stars is bluer

than that of the rest.

The Hubble

sequence of galaxies

is a sequence of

their colours (from

red to blue as one

goes from the left to

right of the tuning

fork diagram), and

an age sequence of

stars from old to

young.
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are a lso v ery co ol (w ith tem p era tu res ab ou t 10 {10 0 K ).
It is im p ortan t to h ave a low tem p eratu re clo u d to b e
ab le to form a star, b ecau se oth erw ise th e co llap se o f a

ga seou s clo u d ca n n ot p ro ceed to v ery h igh d en sities th at
are n eed ed to fo rm a sta r. A cru cia l in g red ien t to k eep
th e gas co ol is m o lecu les, an d it is ex trem ely im p ortan t
to h ave d u st gra in s in th ese clo u d s to b e ab le to form
m olecu les in th e ¯ rst p la ce. S o, g alax ies w h ich sh ow

yo u n g stars (a n d a re th erefo re b lu e in colou r), also h ave
a lot of g as an d d u st.

G a la x y E n v iro n m e n t: W h en on e stu d ies th e im m e-
d iate en v iron m en ts of ga la x ies in th e H u b b le seq u en ce,

on e is ag ain stru ck b y a n oth er correla tion , th at o f b e-
tw een a ga la x y 's ap p earan ce an d th e d en sity of ga la x ies
around it. E llip tica l ga la x ies are u su ally fou n d in reg io n s
of sp a ce w h ere ga la x ies crow d to geth er to fo rm c̀lu sters
of g ala x ies'. T h ese clu sters u su ally h ave n o sp ira l g alax -

ies in th eir cores, b u t on ly in th eir p erip h ery w h ere th e
crow d in g is less. S p ira l g alax ies a re m ost o ften fo u n d
in less d en sely crow d ed g̀ alax y gro u p s'. F or ex am p le,
ou r M ilk y W ay (a sp iral g alax y ) a n d o u r n eigh b ou rin g
ga la x y, th e A n d ro m ed a galax y, a re m em b ers of a lo o sely

b o u n d g rou p o f ab ou t tw o d ozen ga la x ies.

W e th erefore ¯ n d th at H u b b le's classī cation sch em e
th at w as origin ally d esig n ed so lely on th e b a sis o f th e
ap p earan ces o f g alax ies, a ctu a lly correla tes w ith m a n y

p h y sical p rop erties o f g ala x ies. T h is is w h y H u b b le's
tu n in g fork d iagra m rem ain s an essen tia l to ol in th e
stu d y o f ga la x ies in m o d ern a stron o m y.

4 . E v o lu tio n o f G a la x ie s?

In th e origin al sch em e, H u b b le u sed th e term s èarly -
ty p e' a n d l̀a te-ty p e' for ellip itcal an d sp iral ga la x ies. H e

in sisted th at h e d id n ot h av e an y evolutionary seq u en ce
in m in d th ou gh , on ly th e p o sitio n o f a galax y alon g th e
tu n in g fork d iag ram . B u t w h eth er or n ot th e H u b b le

Our Milky Way (a

spiral galaxy) and

our neighbouring

galaxy, the

Andromeda galaxy,

are members of a

loosely bound group

of about two dozen

galaxies.

Hubble’s tuning

fork diagram

remains an

essential tool in

the study of

galaxies in modern

astronomy.
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Figure 3.  Example of a pair

of colliding galaxies in Ca-

nis Major constellation.

Image courtesy: NASA

seq u en ce h as a n y evolu tion ary sign ī can ce h a s rem a in ed
on e o f th e h otly d eb a ted top ics in astron om y for d ecad es.
S in ce sp iral g ala x ies h ave you n g stars a n d ellip ticals are

m ostly m a d e o f old stars, d o es it m ea n th at sp ira l g alax -
ies som eh ow evolve in to ellip tical g alax ies?

S om e astro n om ers h av e su gg ested th a t th is k in d of evo -
lu tion m ay b e trig gered b y collision s o f g ala x ies. It

m ay a p p ear a t ¯ rst sig h t to b e an u n lik ely o ccu rren ce
th at tw o g alax ies sep a rated by m illion s of lig h t y ea rs
w ou ld ever collid e w ith on e an oth er. B u t ob serva tio n s
h ave th row n u p m a n y ex am p les of eith er g alax ies g oin g
th rou g h a co llision , o r of g alax ies w ith tell-ta le sign s of

h av in g collid ed in th e p ast (F igure 3).

In su ch collisio n s b etw een sp iral g alax ies, th e sp iral arm s
are lik ely to b e d estroy ed , a n d a stron o m ers th in k th at

th e likely resu lt o f su ch a co llisio n is a n ellip tica l g alax y.
P erh a p s th is is w h y o n e ¯ n d s a p rep on d eran ce o f ellip -
tical ga la x ies in d en se an d crow d ed region s o f ga la x y
clu sters, b ecau se th ey a re th e resu lt o f p ast collisio n s.

R ecen t o b servatio n s w ith large telescop es h av e allow ed
astro n om ers to ta ke a lo ok at very d istan t galax ies. T h e
ligh t from th ese ga la x ies w ou ld h av e ta ken a lo n g tim e
to reach u s, an d so th ey form ed very ea rly. T h u s a p eek
at th ese galax ies allow s a stron o m ers to ¯ n d ou t h ow

ga la x ies h ave evo lv ed . A n d it d o es n o t a p p ear to b e a
sim p le sto ry.
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T h ere a re in stan ces of ellip ticals in th e ea rly u n iv erse,

im p ly in g th at th ey w ere p rob a b ly n o t th e resu lt of col-

lision s b etw een sp irals. O b servatio n s sh ow th at th ey

form ed in a m on olith ic m a n n er an d form ed very ea rly

in th e h isto ry o f th e u n iv erse. A t th e sam e tim e, m a n y

early g alax ies ap p ea r to b e very irregu lar.

S o, th ere m u st b e a m ix o f d i® eren t p h y sical p ro cesses

th at g overn th e ap p ea ran ce of ga la x ies, an d it m ay n ot

b e p ossib le to ¯ n d a sim p le sequ en ce of evo lu tion for th e

H u b b le ty p e o f g alax ies. S tu d ies w ith b ig ger telesco p es

in th e fu tu re w ill certain ly tell u s m ore a b o u t h ow th e

p o p u la tio n of g alax ies h a s evolv ed from th e d aw n o f th e

u n iverse till n ow .



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 215
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.04651
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 215
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.04651
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


