
~eJfl ~tllQ 
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~I~ ~~8£11~6Q ?J~I €1~12.1 

(MATTER IN OUR SURROUNDINGS) 

·~IYl ~*1 lllm (ii'E)Q, ~16YI ~~IQ 
~ Q~ Q~ ~l<i?IQ, ~I~ C3 ~o ~l<a (texture) 

l!jQIQ 6~QI~ rnQQI I '<IQ Q~6Q l',!QI <CJYIQ 

~ 6~Q ~~ 6gQ Q~I, g121~ 6~Sil~Gl'Y11Bg 
'OOleJ' (matter) Ql6Q g1Y11il'OO QQi~ I i!ll6Y1 

~l'<l6Q 6~~1 Ql'1 ~IQ~ ~K;i-1, 000, 600, 

rnQ1, QQQ C3 o~rna1 ~IQ <aY16Q 6£11£'-<1 6£11£i'<l 

OOlei I '<IOQ"' 6Qi£''<l ~ "'A.I QIQQ '<l<i? 

~ Gl'Q<i?I YI~ OQlei ~6£1 I QOGQ ~lk"l1Ql!l91 
~6G'IW §~~ ~001 ~IYI ~IQOl~6Q 1',!91 <CJYIQ 

~ "~ l}lg ~~<i?IQ <i?QeJl-<I I '<IQIQ YI~ Q~ 
Qq~ QQeJl'<l I ~g~ ~ei6Q QQ6Q, g6G~Q 

OOleJQ QQQ ~q C3 ~IQ~ ~ii I 

~IQYI <i?I~ YI~~ <CJQQI glit!IQ ~014~ 
~QI £JIQ 6~1QQ ~I~~~ I g1~g QIQrnQ 

Qt~1~ Y16'6Q' <aoo ~ oimE>£11~ 6~~ 
6~ QOO I '<!QI~ 08~ '1.21~1'<l I 6<aq~<i? 

6~1- fll~ (earth), W (water), 91q (air) , ~~ 

(fire) '<lQ" ~IQl(.1 (sky) I 6<CJY1~ fig ~~'<ll6Q 

c.aoo ~ Q91Q QI ~19, '<IQ 018~ 6~~ 
6~ £100 I ~~ ~~ Ql~m16g fl~ £JQIOO 

'<lQ ~<i?IOO 6~ti11QQIQ QQl!j6Q I 

~I~~ 'J_QQ 6~11ll~~l6g <CJYIQ OQlei'l. 

6~fll~ 6~GQ ~a Ql<CJIQOO ~ ~~16Q 
'i2.'l QIQE>Q ~~ QQi~ I 

'<IQ ~~IQ6Q ~16Y1 £JQle]Q 6"1G<i? qtil 

~~6Q QIQQI I OOleJQ Ql<CJIQ~<i? i~ Q~Q6Q 
OOQQl ~IQY11~6Q ~16Ql~I <i?Q91 I 

1.1 ~OlelQ G~QQ ~~6' 
(Physical Nature of Matter) 

~ - -1.1.1. ~012J (ii'~QI~ G~Q QOG' : 

(Matter is made up of Particles) 

QlC<i?I~ ~Q OQleJQ g~§ '<lfl.~Q ~Q 

'YQIQ Q~g 'Y~O 6QIQC'.Jlq_l!lQI I 6Q60QQ' 

Y106Q 0Qlei£J.~<i? i!IQ~~ I k"JeJI - QIO, QI~, 
QIQli? Qb'~IQ I ~~f!lg~ yigE)Q 0Qlclq~6i' 

QQ<i?l'i 69Q £106', 6"'10QQ QIQ I 

~IC(! 6'1.' 6Q6Q "~YI OIQ <i?l0" Y11~'(16Q 

OQleJQ 'Y~G <a91~6Q i(iQ QQQI - '<l~I GJQ§~ QI 

QQQI~~ I 

"' . 
~fl ~IQ Qlfl : 1.1 

'<IQ 1 oo ?;Q 9<i?6'1 ~CJ 1 m6Q m.J1 
wqea QQ '<IQIQ Q£JQ QQ~ 9li:~' lii'Q I (;;\~ 
'J_Q Qfl.I ~ 6gQ 9<i?6'16Q l!jQI ~Q £l<i?ICJ 

'<IQ" -<IQ QI~ <CJIQ1"'1~6Q 6QIQI~ I 'l.~ ~fl.I 

~ ?;QQI £l6Q 9Q gQ6Q Q~ OQQQg GQQ~ 
- """ -GI' g12 Q~~ QQ I 9QQ mJ6Q f,!91 996Q 

<itil (ill m Q' Q 6QQI 6QIQ q_6fl QI~~ ? 

9~ QI 'l_Q ~·Q ~~16~ Q6QQQQI ? ~~Q6Q 

9i £]Q.qiQ·~ ~6fl Q~~ QQO!Gl_i 9 ? 

-qQ QYJC9 ~ Q6lQ oiQ ~1~ Y16~~ 
6QQ 6k"l, ooiei ~1£1~ 6gQ £100 621QeJl'<I I 

Q6l·Y11g 91~96Q 6"'1Q 9~ QI <i~ f;llill 01\?I 

~Q 91Q~l6~ ~10"'11Qi I '<lQI ~ 1'. 16Q 

\JOOQ6illl~ I 



--~ ~ 
G~ ~ 'ui-~ \\. ljjlljjl 

. I GQK.'I~ . i..,; ' li6l 
'1.61 

~ 1.1 ~~I Yl~()Q f.!QI gl~ll}IQ()Q 
~'il' I \iil._Gl ~lii'IYllEi'il' Qm 

1.1.2 £l~leJQ .qi? "~"I~~" 6~6' E>el~ I 

(How Small are these Particles of 

Matter I) 

~fl £JIQ "lfl : 1.2 

2-3~ 6tll~l~QY1 OOY'llfiirl6~ (KMnO,.)Q 

~w (crystal) 6gQ 100 fiQ ~Q ~~ QQ 1 ... 
'<IQ ~61. 10 ?1. Q. 6gQ 90 ~ ~fii' w QQGl 

OO!Zl I '<IQ~~~ 629 1.q2~ 
~IQ 10 ?llil 6gQ '<JQl'l. ~~ 90 fiQ ~fii' W 

@g 0012'.J 1-<JQ~QJ ~~~ ~ I 
'<12 ~61_ Q.~IQ 10 ?1§ 6gQ '<lstl'l. ~~ 90 

?i.lil. ~ ~Q 0012'.J I '<JQOO ~QE>Q QgE)QJ~ 

~£]~61_~1000~ l'<l~QJ~~ 

~~~ Q~ 6SXI' I '<l210CQ Q W 6l'1i'il' 

6QtQQ@ § ? 

~ 1.2 £JQlzlQ G?~G?l~~Q ()lii'()Q EiD'I~ I 

Q06QI~ tJQl~I ~~IQ~i§ §, Y112 ~i 

6~Q~ 6tl~IOOY1 0Qf11'16~ (KMnO ,.)Q <i~ 

~ ~IQW 00~ ~ ~~ Gi'OOl6Q I 6~ 

~16Yl 6~~6Q '<IQ Qfii'l~6Q' QO'il'lQ 6~6'1, 

60!£11009) 0001g16~ Y112 6£11~'<1 'i~Q 

004'~ ~ G?~fYlK;' ~~, ~lstiG? 9'!19o ~QIQ 

m ~Q G?QG?l6Q OOQG 6QIQeJl'<I I 

2 

fll6Yl '<IQ 001~1~ 6£Jl£'1~Qyt OQY!jglE)~ 

~Q 6m (2 ~'1) 6~ YI~ Gl'Qo!QQI I 

QIQA.IQ Qq_G?QQ (dilution) G?6Q Q ~QQ6Q 

6~Q QtJi§ ~Q ~ C(J§Xil()Q QIQf29 I 

• <C' - I -

OQlelQ G?QQl~~'ii' '<J6Q ~ 6'1, QIQI 
~ ~ ~ 

fll6Yl Q§Xil6Q ~I ~1001 'i1'12 I 6QY11~ 

~QI fllYl 'ii'~I ~~g I 

1.2 £J~lel Q~QIQ ~fl I E>9~filf 
(Characteristics of Particles of 

Matter) 

1.2.1 £J~lelQ "il"lfll~ Yl~E>Q 01 ... li!~ 
·~§: 

(Particles of Matter have Space 

between them) 

~ €11~ 'ii'IYl 1.1 '<IQ" 1.2 6Q 2'.Jl6Yl 6~Q 
6~, §~, !iil_Gl, 6~~'\ QA.I 6€ll~IQQY.1_ 

OQYllliiTl6~ liMilii'I~ ~ 006Q ~Yll;llQE>Q 

Qltlli 621Q ?;~~IQ~ I 6QQoQ 6'16616Q6~ ~16Yl 

~I, W G?A.t 6Qf!.£J~ §~IQ~ 6£1@-<J ~IQ 
£JQIOO GMi~i~ ~~ £JQieiQ lii'~'ii'I Y1~6Q e!QI 

~~Q~ra)§ I'@!~~§.~ 

~'ii'IYll~ 006Q fl6~ Ol~l'Ql'il' Q~ I 

1.2.2 £J~le1Q "ilQlfllE>~ ~~~QG' Q6\ 
QQ!U~: 

(Particles of Matter are Continuously 

Moving) 

~fl £JIQ "lfl : 1.3 

6£11£1-<J ~rl°I QIQ'il'eJ_QI ~Oli?IO E)gQ 

E)~Ql~QQ 6£11~-Q E)(ii'IQ6Q 00 I -QQIQ QIC(]l'l. 

QIOOI o"1 ~@100 £ll~li?_ ~Qllil_ o~ ? Q6)'y,1g 

~£JQl°'l. ~I~ I liil' Q £lQQQ~ 6QQI ? ~YI 

~Q Bfll 62Eilll YI~ ~li?IOO QIC(]I QIOOI~ 
- - 'I(' -Ii? ? '<IQ £l'1lfbOOQ~ 6~ ~ I 
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'1'Q69 I <it_Q El~ 6~ ~ ~11g91~ Q~ --6QQI C3 'ii'IQ'ii' ? 

~16f1 ~Q 'YG~ {]Qlfll~ 6Ql§-<J 6Ql~'<I 
'ii'~QI 691" f16~QQ91, 6(;169 6Q'if Q"Q 

£1Qlf116~ 91 '1'Q'ii'lq~'1' '<l~OKU_ ~~Iii' ~IQI 
OOQQ '<1~ 91~ 621Q Q2eJ6Q ? 

~ £11Q Qlfl : 1. 7 

6Q@'<J ~21 ~I, ~ij..q ~' '<19" 6£11.§"<J 

QQQ 9'11G ~~ I 6QICil_9<it_ 916~, Iii'@ 9Fll ~IQ 
~G ~ QQQl<it_ 6~1QQ I Q£16QIQ §6~1~ ~ 
~ 6~ ~ f1~6Q e!_91 'iM1Qlf1~ ~Q '<12 

tl~Q W ~IQI 91~621Q Q2e!_6Q 691Q 'i6f1 

Qt~? 

00 £11Q Qlfl : 1.8 ... 
6Qt§"<J £llQ £'1!1£1_ (water tap)'i, 6~1Q I 

6'<1e!_~ ~~fo ~IQ'i ~ t'.11'!.Q <Cll21~6Q lii'I~ 
QI§ ~g QQ91'i, 6~1 QQ I ~IQ'i Q..6f1 

QI§ QI~ 6el~ 6e1~ QIQ6Q 9Q~ QQ£llQ.ii 

Q ? ~ 6~161 "<llii'IO Q291Q QIOO Q'Q ? 

Q£16QIQ §6~1~ 'qf! £llQQlf1" (1 .6, 1.7 

·(3 1.8) ~~IQ~e~, £lQleJQ QQQlfll~ 006Q 

-<JQ 2'.Jl~Q W Ql'1~ ~ I ~121 QQQl~9'ii 
~10 lii'Q Q~Ql6Q Ql21~ lii'Qell"<l I 001el6Q 

~Qlf11~ f1~6Q ?_!QI "<l2 t'.ll~Q QQQ QIOO~ 
(strength) Q~ '1~ £1Qle1 f1~6Q Q~ Q~ 
6QIQeJl-<l I 

~~: 

1. ~6~1Q ~Q. 6QQq~ £1QleJ ? 

QIO, Qlq. Q2?, ~I, 91Qlf1, QKXi't, 001, 

eJGI £11~'1, tJOOQ Ql<ijl, ~1£1, <Clli\OQ, 

Gl£lf1121, ~GI, ~fii'I I 

2. ~100 961t1 I 

~~I 621Qe!_QI OOf1 ~I~ 91<iJI ~Q6Q 

eJIQ Q_Gfl 91tl£11~e!91696~ 001 ~l~Q 

4 

Ql<iJI QIOOI £!IQ@~ ~I~~ Ii?~ 
~QI~ £lf?eJl'<l ? 

3. Q661 <a~QQ91Q1 ~Q QI 6rn~Q16Q 

£l~Ql696Q ~ QI§ QI§ QIQ lii'Q 

£J2'Qell'<I . I "<l21 £lQle}Q 6QQ ~Q't_ 

~91Q~ ? 

4. £lQleiQ QQQl~~QQ 6~ifi~ 

(characteristics)~~ 61il~ I 

1.3 ri~taQ ti~ (States!>' Matte~) 
Qf1 91Q£16~ l',LQI 9'1~ £lQlf3'~~'t_ ... 

QIS'IQQ I '<lf116~ Q~ Q~ t'.JQIS16Q Q2etl~IQ I 

~lfl 91Q£ll~6Q e!QI £JQle1~~'"' q~618 Q6~1~ 
~16Q etl'Q I 001- ~(solid), 009 (liquid) 

G £1'11c.crt'1 (gaseous) I OOleJQ -<i2 2'.IQISI 61121 

f1~6Q ?_!QI QQ'ii't~9~ ~Q QI QISQ 600~~Q 

1!!91 9')~1 Q£16Q §QQ lii'Qe.11-<i I . 

961.fll~ ~l<a, OOleJQ 9')~ 2'.IQISl6Q 61121Q 

ry~§ I .t;JQIQ ~Q6Q ~IQQI I 

1.3.1 ~~ tl9i1 (Solid State) : 

Qfl £11Q Qlfl : 1.9 ... 
~I, lft'Qfl, 92, 21@, li?IOOI~, ~ijlii', 

6~Q - 'Y6~ 6Q@"<J 6Q\\11-Q ca"'2)2 QQ I 

6£l~li\ <;:1121~q6Q Q£l6Ql9 mq~ tllfilG 

~ ~1(;116Q tl'1'Q li?Q I "<l~~ 00~ Q' Q 

§Qfi ~llil'IQ, £lQ'<11f11 (3 tllQOO tie§ ? "<J~'i1_ 

€l§6Q, ~ltl6Q §fl.I 6£l'l£ll~6Q Q'Q 6W ? 

6Qf116~ 9' Q OO~Q 006Q QcaOO 6WI £!IQ 

iarn?J ? "<l'Cil_~ ~ 'Y6'11Q QQ Q'\_W QQQI({. 

6~1 QQ I "<l~9'i <Cl'!_W ~916Q Q.6f1 'ClOQ 

6QQ ~? 

Q£16QIQ 'Y6G'IW 6Ql§"<J 6£1@..q QOO 
ootekl~ 1~16f16~6~ •. ~~ 



~fl ~1'1'1Q, ~l<ilG a ~IQ{X;' eJl'<l I '<li~QQ 

~9, ~ QJ6_.I~ 621QeJl'<l I "'5~ tJQleJ QJ~QI 

m ~IQIQ WIQ Q~eJl'<l I ~ 'Y6QIQ ~ 

"00 tJQleJ'l_ '1'11elQtJl6Q, 626Q '<JQIQ ~1'1'1Q 
tJQ~·~ '1'Q91 QfiQQ I 6G'q '<li~'1' '1'6~ 

~I 

~ 'Y9G'ii OOQ '1'Q :-

(a) -<JQ OOQ ~IG~ £1~91 ~IQI 61121 '1''61 

~ ~l(i?IQ 00~·~ ~tJl6Q ? '<l21 (iii' 61 

'<J(jjl '1'00 tJQle1 ? 

(b) '.l_Q C3 9{;''l_ 6e6G696~ ~16f1 9'1~ 

eJl(i?IQQ ~16\ ~6Q ~ 6QJQ S!)_Q 91 ~ 

~ ~16\ ~l(i?IQ ~IOO (iil6Q I '<l~ (iii' 61 

QOO 001e1 ? 

( c) Qe. eoo QOO ~6~ GeJf{] ~16f1 '<l21~ -- - - ~- . 
QJ~Q ~ <a'I.~ QQtJI~ (iill2Q ? 

QtJE>Ql9 Qf19 tJQleli~G GO~ t'J~, 

(i?IQQ, 

(a) OOQ ~IGE>Q ~QI~ ~QIQ (iil6Q '<l21Q 

~~~ l~~fJOOIQQ 

(iil6Q '<l21 q~IQ q_~l~l'l_ 6~Qf.116Q I 

eQ t"J~Q ~ 'Y6QIQ QQ1e1-<1, 6~9 '<l21 

~l'<l 1-
-- - -.-< (b) 'Y69J(iil '.l_61 QI~ QQQIQ f.JIGIQ ~Qfi 

~6£1 I ~16f1 Gl21'i_ Ql~Q, 6Q_~Q QA.I 

QQ~ ~I~ ~Q ~Q 00 6Qf11~ 

~(i?IQ ~l(i?IQ ~Q~·g q62 I 

(c) Qe.6Q f.16~ ~ ~~ ~ I ~121 f1~6Q 

91.q QQ QQeJl'<I I 6~~96" ~16f1 Qei(ii 

~ 6'<!6~Q6" Gl21Q ~~ f1~6Q l!{QI 

91q 912lQ ~16<a I 6Gt\1_ '<l21'i_ QJ~Q 

'<l'I.W m1 '<l~QtiQ 621QeJl'<I I 

5 

1.3.2 E;\QQ ~~ (The Liquid State) : 

~~£!IQ ~I~ : 1.10 

~"' 6QlQ~6GQ, ~lQ, '<IQQG', ~~ C3 

eJGl£Jl~Q r<1°~2 QQ I ~~ t'Jl'iGQ 012 ~~ I 

Yl1£1 ~QGQ ~WIQ ~ 6~f.!91 £ll2Yl1~6Q 

50 ?lQ i~Q QIQ ~ I '<JQ ~ Wl616Q 

Ql9 621~Q (iil'61 629 ? 50 ?lQ YllOO 6~ 

6~61Q ~ 6~ 9Q~ ~l~GQ t'JQQI ~QQI 
£1126Q QIQ . I 'Y6Gil(iil £1126Q OOW ~IQG'~ 

~m1~ Q~ii § ? \169l(iil £il26Q G'QQQ ~1~§ 
Q'61 '<IYll~ ~ii. '<121 Q~~ QQ I GQ~ 6Ql~'<I 
£112q~~ £112 fl~~ ~1"6Q, ·-<JQI (iil'61 Q~Q 

691Qe1-<1 ? 

f.116YI 001~611ii".1. 6e, 009 £1QlelQ ~fl 
"" - -~ --~IQIQ ~12, CW~ '<l21Q ~Qfi t'JIQ{X;' ~ I "J21 

6~Q £1126Q Q62' Gl21Q ~IQIQ ~100 OOeJl'<l I 

009 'Y91Qo 621QeJl'<l C3 ~l(i?IQ YI~ ~IQeJl'<I, 

6Gq ~ lii'OO 00eJ 00 "9 ~~ I '<l21 QJSXiX>Q 

W~IQtJl6Q 691Q ~ tJQle1~ 'YW (fluid) fl~ 
'@~l'<l I 

~ ·g1Q' QIYI 1.4 '<JQ" 1.5'l_ Q~~ (iil6Q 

t'.116YI 6~ Ge, QOO C3 ~ 001eJ ~ OOGQ 

Q<aoo 621QeJl"J I QlqOO~Q ~IQ~ ~Q 

9'a00 C3 ~'l_G 621QeJ~ I '<12 ~IQ~ ~~ 
~ {ii%~'1QIQ~IQ9, C3 ~~ WlQ 'Yl611 

C3 QQQfll~_.Q 9BQ291 tJIQ ~G'~IQ~~(iil 
621Qell'<I I 

~Q,~6~ ~WQOO ~IQJ~Ql6Q QQ{iillQ 

621QeJl'<l I ~ 'Yl611f116~ ~ f1~6Q ~~'l_G 

f.!(iil,~6~ 6Qlf11~ 'Y~IQJ6Q ~261 QQeJlij I 

~16f1 '<IQ ~ti'l'i6Q Q~G' 6~ 6~, (iil00' 009 

C3 Q~IQJlQ tJQlej GQ" tJQ166Q Q'<JQG 

621~16Q I 9r<JQ61 'Y~QIQ 21Q QO~ f.16£1~1 
009 6~26Q f.l~Q ~6~ I {iillQQ QC~ ~~16Q 
~ ~~Ii~ f1~6Q ~~Q ~l_.l'fll~ e.11'<1 C3 

6r<lf116~ '<l~Q QG 00\llQQ I 
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Q41'<11Q ~Qlll6Q ~GJ..~~{ii' ~G' 6QQ6Q 

'<16QGG'6G1 ~§Q~G' QIGQ ~Q~Q§ I ~q~~{ii'Q 
'<IQ QGG~1£i 6'<lrn6'ti' §G' §G' Y1~6Q (3 

~IQ~l~Q {ii'l'Q!6Q Ql6~ ~~§ (3 {ii'l'Q! Q£16Q 

Q~ ty6QIQ lii'Q§ I Q41((']1£\ ~~J.fll~~ ~IQI 

~IQ"' "'l'Q!Q ~§ '<I~ 61S~~~ ~06Q "'1~4 
~~91 99~ Q41((]Q ~10 ~Ql'11'<1 I 

~~: 

1. 6§1G1~ ~Q '<llii'lii' ~IQ~Q e!QI ~~ 
6'<1Q ~Q '<ll~G'I (density) 'iil'l~l'<J I 

( '<11'16'1 = ~~ ) 
- ~l~W'ti' 

- - - ,""1( 

'ti'Y]Q~G''DJ.~'i '<ll~G'IQ Q~.g ~Y!ElQ 

'<1G'I~ I QI'!, ~§bl_ §£fo CJ..~, Yli{, 

~. ~,. ~QI '<IQ" {iQI I 

2. (a) £1QlelQ ~Q~ ~QCSIQ ·()Q~~4'DJ.~'i 
'<11001 <il'Q '<1W lii'Q I c:.. 

(b) '<1°~£1 ~"dGll tyQl'ti' lii'Q I . 

~~GI, '<l0 £11~4G'I, 'YQ2G'I, Q41<a 

~l~ElQ Q41<a QUI. ()291 'Y~QI, Q~~ 

~§ <3 <al~G'I I 

3. ~IQGJ 001~ I 

(a) £141'<1'1 '<IQ ~l~IQ £11\i!ElQ Q~()Q, 

G\121 ()<ClQ £112E)Q Qlll~~IQ £112 ffiJ'Q 

'Ql'ti''it. <a9l_iij QIQ()Q ~~lii'IQ QQ 

QEl2 I 

(b) 6£11~-Q QIO §?fo 6~~Q'i QQ'ti' 

OQlel 6QIQ 'iQl~l'<I I 

(c) ~16Y1 <a~Q §~ 21G'~ QlqYl~ElQ 

QG~lQ QQIQOIQQI, ~'I. '1'10£1~1 
- - - ,.JI' Y1~6Q -QQ ~QIQ QQOIQQI oti'IQ I 

(d) ~O'ti' ~~16Q OOQ ~60181~6' Qft 

'<ll~G'I Q~~ 6QIQe.Jl'<J, Yll\i! QQX:T 
...Jl'-

G'Q()Q Ql6<C1, '1'12'1' ? 

7 

1.4 £1~16 6\li?IQ ~9~1Q £JQ96l ~ 
QQ£ll()Q § ? 

(Can Matter Change Its State ?) 

OQleiQ ~Q'alGQ OQ~'ti' ~'<I I ~16Y1 
<C1Y16~ G'l~6ir El~. G'Q §()'ti'l£1 ~Ql].l()Q 

GlWl6Q I 
2)2i lii'O'ti' 6l066l - oox:r 

c:.. 

2]2i G'Q_. £J..06Q - liXii' 

2121 £141<C11Q ~~16Q - liXii'lQQI~ I QI~ I 

~~I OQQUl.oti' 6%Q OQleiQ ~IQ4~Q()Q ~·si 
Q~eJl'<I ? O~leiQ ~QCSIQ OQQUl.oti' 6Q6Q G'l21Q 

~GJ..COJ.~QQ Q' SJ ~'<I ? 2'.JIY'l{ii '<l'DJ.~QQ QUIQ 

G'l~Ql'i 629 I 

1.4.1 6'11£lf11~1 £]QQ61~ ~~19 : 
(Effec::t of Change of Temperature) 

Gift ~IQ Qlfl : 1.12 .. 
150 ~IYI (3~ '<IQ QQX1~~~ ()Q@..q 

QQQ()Q 6oti'Q '<Jilli Yl~()Q e.J6~1?i~Q'i '<JOQ 

QIQ6Q Q~ El~OQ~ e.JEl~l?i~Q6Q OIQ~ QQe!QI 

'iXilQ QOOQ ca0~()Q ( ~Q ~g) ~l~e!Q I 



~ 1.6 (b) w ~~~lfj()Q £JQ€1g 6291 

~i ~~l~IQI mlil_ QQYI ~ I '<121~1QI ~Q 
G'l00121 ~ I 6'1Q GllOOIQIGQ ~ ~ 
~IQR QQ9 9121 eJ6~1~~ '<1121'146Q Yll~ ~~ 
Q~ I 6'1Q 91t!Y11Ql6Q ~ '<!~~ ~169 m 
~Q Qtll'300 62'11, Gll211ii' Yl~ Ylltl (3 ~ QQ ... .... 
Q\\1 I 96lY11g 6Ql~'<l ~'<! 00, '<1121~6Q ~ 
6QKii'IQ 6QIQIQ 9121 ~I~ QOO ~ I 
~ q_~6{i) 9121 91~6Q t!QQ9 . 62911il_ fJIQR 

~ '<l I ?!~ Ql0~ g~ 91~1'l._9 62QI £Jd4~ 

eJ6~1~%1EiQ iW 9100121'1 Qa4 ~eJlfl I W 

OOQ ~~I~ Ql~Q ~~llil_ 009Eil9 62Ql69E>Q 

eJ6~1~~ i~9 ~e!91 91t!Y11211il_ ~Q1a~ ~ 
13 ~~ Q~ I 

~ 9100121991QEiQ, '<121Q ~~ 
QQ9 €1§ ~ tilQeJl'<I I QQQ €1§6) ~ 6'11til 

~q~~(iil ~~(iii 6QQ6Q 6QIQIQY11~ 62911il_ ~IQR 

~~ I 9ftl g6QIQ 626Q ~qi~Q 91tl ~§ 
~QE)~l~Q (jjlQ 6'<1Y11~ ~6Q e!91 ~l~Q ~ 
'<11Y111il_ ~'11QeJI~ 13 fl~(iil QQ~1Q fl~~ I '<IQ 
~(iill~ 6'<1Yll~Q iQ 'Qlg ~IQ~ fl~(iil 
6QQ6Q ij,~'1196Q QO. (iilQ~ I '<100 '<!(iii ~~I 

~'~ tJQl'11'<1, 6'169696~ ~q~~Q t!Q~l'i 
~6QQ '11~1~, (iilQ~ 96'l9911il_ ~IQQ lil'()Q G 

8 
- ... 

~Q OOQ9 ~'<I I 6'1Q Ql~fll216Q · ~ 

QO~ 91qflG91Q ~l~GQ 6'Q9 '<IQ G'QQ 

tJQllkQ 0000 ~' Qlif~ 6~i· QC~ OOI~ 
Q~I~ (melting point) 'l,i'lstll'<I I 

6Ql~'<I ~ Q~~' '<121 Yl~Q e!91 

(iil~(iillYllg~ mJ6Q Q~fJ91 ~l(iil~Q WQ 

'<llY1el4Q i~I ~'<I I 

QQOQ QQ~I~ (melting point) 

273.16K I 00tel .,a~ ~~ 009 ~i 
£JQ9Q~ 6~~ gjQI tJP11~ 001e1Q ~I 
~~Qlfi_ ~~ 91 00~ (fusion) ~stll'<l I 

G~Qb96Q QI~ ~QI~ Gstll~ GQ!Qij 

~Qla QQ99t~ ?.JIQQ (iilGQ, G'aGQG9G9 

G'l2!Q G'ltlfll~I ~~Q9QQ QGil I Gll'62GQ 

6'<12 GllOO§ 'l_ZJl6~ '11'<1 ? 

~ ~I 001aQ ~1Qe!91 '<IY1Q6Q 

~6Y1 Qa4 We!9 6'1. ~1~6Q £12891tl6Q 

'<!~ QQO ~QI tid4~ Gll21Q Qlt!Y11Ql6Q 

6~~ OOQQ'g fi'<I ~12° I ZJl6~ ~ ~ 
~QltJIQ ~9~ Ql69 Glltl ~QKr W91 '<16Q 9 
~ - - - -'®12 OOeJl'<l I '<12 Glltl ~1-~l~W ~Q 

~ -
?J91 fJIQ~Q ~ ~ ~ti 6QW ZJ~I 

~~16Q~~~ I~~ 
9!Q~1 ~6Q fll6Y16'11QIQf!!QI Glltl ~. ~ 
~I 6~100 621Q'11Q 6~ ~ ~IQQl6Q 
'<1121'14 (iil6Q YllQ Gllt!Y11~16Q 6§1Q~ ~~ 

~1-<1g1Q' I '<169 6'1~0 '<IQ 91tl ~ QQ6Q 

'J.~'11'<1 I 6Glq ~I ~·gE)Q69 ~l~QiQ 

Gll°'l. i£191tl (latent heat) '1.21~1'<1 I '<l016Q 

"i£1" ~Q t1e1 'l_~IQGl I 91qY1G91Q ~1£J6Q 
1 ~~IQ '<!" "5~ ~Ole'J~ QI' Q Q'iX'I~ 
G'l001216Q 0096Q ~Q'1Q ~91~ 6stl~ 

~QYllQQ 6'1~'1~ tll~~Q ft'<l, Qlill~ E)q§ 

~OlelQ Q'W~Q ~gQI~ (latent heat of 



fusion) ((,21~1'(] I (0°C QI 273K)6Q Q2e!QI 

~ '1'~'1'1fll~Q ~§ 6G2 010f11216Q 1'.!91 

000' ~'1'1f11~ ~§ ~60Q!ll ~~'1' I 

~16f1 6~6Q6Q69 ~9f1~~ GIO~~ 

6~1QIQeJIQ, \iXiil Yl~'il ~'111~~ ~'11 ~§ Ql<CIQ 

~Q ~~(iii 69Q6Q QQ '1'Q~ I '<J(iil §Qfi 

GIOY11216Q OQ8~1 06Q 6<CIQ (iilQ(ii!IYllg'ii°Q 

~eJfi ~§ 621Q~IQeJl'<I ~IQI g~Q 6<CJY116g 

OQQQ Y1~6Q e!QI eJl(iil~~ Q~ 00~ ij_9 

621Q ~QQQOl6J. ~QQ ~l~I~ I '<12 Ql~Y11216Q 
~9, 91~ 91 QYl<Cl6Q OQQQ·g 6291'i_ eJIOO 

li?()Q I GOO ~OOl~IGQ '(](jjl QQQ 91q~Q1Q 

91~GQ q_~91 ~IQ~ ·~Q Ql~l~G~~ QQQQ 

fi.Wlq {(_~l~l'<l I q_991 (boiling) '<lQ <al~Q 

000£'611 (bulk phenomenon) I ~ <aYlg 

~~Q '1'~(ii!IY1 16~ ~6eJfi ~§ 21<CJQ QQ q_~I 

<a006Q Ql~Q eJQCQl'i_ OOQQ.Q 62tQeJleJI~ I 

Q9Q <i_~l'ii° GIOf1121 6QQi 100°C 91 

373K [100°C = (273 + 1 OO)K = 373K] 

91'll1Q9~Q ~~GIO~ (latent heat of 

vapourisation) ~fl~~~~ Q ? ~ 
<i!~GIO'i_ ~6Yl 6'10Q Ql6Q ~l~I (ii!Qi QQ, 
6<CJQOQ Ql6Q '<121Q QYl~YI QQ I 373K 

(100°C)6Q el,QI 91~Q (iil&G1'1Yll6g 6<C1Q 

GIOOIQl6Q f.!91 ~ ~(iillfll~ ~6001 ~~Ii? 
~§ ~ Q§e11ei1ij I '<lQIQ QIOO 6~1, 91'llQ 

~(iillf116~ Ql~Q~ ~qGI~ ~06Q eJ~(iil . ~9 
6~!00 QQeJI~ I 

'<12 '<l!ii eJ16Ql~I OE>Q ~16Y1 '<12 ~fi\'1~6Q 
Q~Q 6~6'1 Gl00121Q OOQQ·~ ~IQI OQ~Q 
eiQCSl6Q 009Q~ 6it'1QOIQQ MIG, ooiej GQ@-<J· 

~lq ~IQ 6Ql~'<l ~9'Ql'i_ '11'1\JIQ9 I 

00 00 

1'161?~14 ., ~ 14 • 1~~1 
Ml Ml 

9 

~16f1 '<321 i~'l. 6'1, ellfl 91Qtl6~ eJ91 

QQ~ OQlei~~Q Git! ~6QIQ ~IQI l".J9il 

£1QQ6l.g QQ Q0~6J. QQ~ Cl OQ~ QYICCl1Q~ 
- • j - - - 'C' 

t!Q96lG 621QeJl~I~ I '1'1_ '<l£JQ 6"'6QQ OOlel 

eJi~ 6eQ'016~ li?O~ eJ9il6J. GQ~ ~Qil~ g 

elQ ~~1'<19~ QYl<CllQ ~9il't.. t!Q96l 'G 

621QeJl~I~ I 

q~ g1Q' (iill~ : 1.13 

~~~~I '<l6Y'IOO.f16~~ 
~ I '<JQl'i_ ~(ii!Q '<JQ ~~ t112()Q ~ I 

~ (iill9 0'6~ 9gfY1©Q ~12 QOE)Q ('j~Q 

h.&9"-~ ~ 00 

( 92 "1~) ~ I g6~ g1~Q el'2)'11Q6Q Q..QI 

oa QeJ 1 QQY11g '<l21'1 ~6Q ~6Q ~1 ""\:,) (3 

Q~ QQ I Q~ tJQ11Sl'i ~Yl '1'' €1 ~~ cn'il ? 

6eQeJQYJI 0096l·~Q QOO ~ ~~ 
g elQ ~~l<a~ Qlll'<l1Q ~Qil'i_ OQQGl.Q ~ 

..q~ <a0 q§ g QQQIQ QYl<C1_6J. '110~ el~l~ 
~ .. " 

~Q9QG S('<l Gl21~ Q~QIQ~ (sublimation) 

~el'<l I 

.· 



1.4.2 ~ltl tJQ~Q~ ~Gll~ : 

(Effect of Change of Pressure) 

~16YI q_~ g96~ 6f(!, gQlefo ~qYll~ 
~~6Q ~QI ~(;'I gQQQ.g 6QGQ '<IQIQ ~Q<(ll6Q 
gQ96)g 621QeJl'<l I '<Iii.' QlflC(J'l. 6£11~'<1 QQGQ 

Yl~GQ ~ -<121 ~m66l 91g ~6'11£1 ~ C(J'\_W 
~GQ -:JQIQ li.''61 g§QGi·~ Q~Q ? '<lf!l66l f!!91 
~q~~~ gQv.100 §ln'WQ 65"69 § ? 

~GYI Iii'' 61 QI~ § 91a ~~ §A.I ~IC(] ~IQI 
gQlaQ ~QISIGQ gQ9Q.g 62Q § ? 

°'~ °'~ ·~Q 

~ 1.8 9~ g6a~ OO~Q 
g~QKi~'i €11~~1~ ~IQf(_'<J 

910Q ~GQIQ -<IQ" 611aYll21Q ~IC(] 6'11iqi 

Qlflca~9G? ~1'!61 G21~e.11§ I 

616YI 6G?69 G?O~ G?IQg, 91Q~G?,c<llQ~ . . 

(C0
2

) ~Q6Q ~~~ . § ? '<121'i. f!Gl'l~G? 91€1 

~6QIQ 00 Q~ G?Ql'11QeJl'<I I -<IQ 91~ '<lli?G? 
QlqflG~lQ 910'i. G?

0

YllQ ~IQ6Q, G?6g G?IQg 

~~~I~~~~~ '11Q ~1'<19'cll QYI~ 
~Q'Sl6Q OQ6161 621Q'11'<1 I '<IQ lii'IQQ6J_ ~ 
G?19g U'IQ-2'.IG?,calQ~\'i ~~ QQg (dry ice) 

~~1-<I I 
661q ~16f1 G?Qal§91 6'1, 6110Yll21 C3 91a 

6£11~'4 gQlaQ ~Q<{ll'i. §1$1Q61 G?Qe.Jl-<1 I 

~@~ 
~~· ~OQ~ 

® Q'ia!Qg e 
.w 1.9 ooteJQ Q6~1~ ~IQ ~a1009il~ 

10 

~~: 

1. §6~1~ GllOYll21'i. 6C(JQ~Q~ 6«4.Q6Q 

OQQQ~ I 

(a) 300K (b) 573K 

2. §6Y,JI~ 611aYl1216Q ~ 6"1Qlii' ~Q<{ll 

lil\'Q i-<I ? 

(a) 2so0c (b) 100°c (c) -10°c 

3. ~6Gl'llii' aQ1ei6l ~Q<fll a6l96l"g 6969 
....r~ ~ ~ 

61100121 li.'129 '(lQ Q2e.Jl'<l ? 

4. 91~f1Gliilla QYIC(J~~Q ~lli.'00 a1Q' 

-<Iii.' ~Ql91 !Cll'f~6Q ~~IQ Q~ I 

1.5 ~1.i1Q~ (Evaporation) 

~IYl'i G?'Q !C1~6Q69 6Ql§'<l €1Qllfa 

~Q'(ll6Q OOQG)"g ~IQQI OIQ '<l21'i. QOO 0091 

§A.I 91€16Q OQQQ.g ~liiQI OOG?IQ 09Q ? ~fl 

G~g 91QgE)Q ~~QI ~ gQQGi·~ Q!Slf 

00 QQl2QQ 6QQgrQQ § 6~Q 6!S~Q 009 

'i.,~1"1' QIOOl~l66l g QQ fl~ 91fil6Q OOQ61 

6\Xi)~ ? 

QQ'i. 6Ql~IQ ~ Q~6Q '<l21Q aQf!IQ 

~6Q ~6Q ~IC(] al'<l I !3QI 'l.£11 ~~~l'<l I 

Q€16QI~ ~Q£1 QQl2QQ6Q 9QQ Q'Q 

Q~eJl'<I ? 

f.116YI Qlq 6'1 OOle16l 2'.lq~~G? caw1 QG 

lii'6J.ell§ I 6C(JYl16g 6969 6QGQ ~Q 61~ ~IQ I 

6~QQ -<Iii.' §Qfi 6110f11216Q Qlflc<l, 61QQ 

~eJQI lii'Qg €JQleJ6Q Q2~QI lii'Qlii'l~~lii' Q~ 
Q~ O~Yl161Q QG9 ~§Q ~~lii'IQl 621QeJI~ I 

gQ9Q ~~QIQ6Q f!l91 ~i C(J0~1flii' ~qQ ~~Iii' 

QGQ ~§ eJl'<l I 6C(JYll6~ ~~If lii'Qlii'IYllg'i? 

~lli.'~61 ~ ~QI~ ij_~ 621Q 616l~6J. ~QQI 
621Q Ql~6Q OQQQ 621Qel~I~ I '<l21'i 

91~1Q9~ 'l.21~1'<l I 



6~Q g~Ql6Q ~~~I~ 01~ (iilyt e.l91 

6~ 6~Q~ G'lg~l~l6Q G'Q9 gQ1el Q411(]6Q 

gQt.lG' 621Q211'<l, 6'121~ 91~1Q~ ~21~1-<J I 

1.5.1 91~1Q9~ ~Ql9G' Q'ieJ.91 QIQQ : . 

(Factors Affecting Evaporation) 

~I'<! gf.f "~fl g1'1°' (il'IY'I" Y'll~Y'16Q '<121\ii 

~Qll 
... 

G'f1 £11Q QI~ : 1.14 .. 
6Q@'<l gQ1!81 ~16Q 5 ?;§ ~~ g~ '<lQ" 

'<l211il_ ~001 §Q£16Q ~fl.I ggr1 Q6~ Q~ I 6Ql~'<l 

£'QG'I w1Y"11~ rnG16Q s ?i§ 996~ '<l211ii rn.1 . ~ 

6'<J2gQ ~QG?I g1~6Q 91 ggr1 Q6Q 00 I ~~ 

-<JG? 6~1'11 £'~1Y"11~ rn26Q rn.1 s ?iQ ~6~ 

'<l211ii '<lG? ~91~ "'fl.I 6~611 ~QQ eJl(i?EiQ Q~ I 

6~611~26l QlgY'll211ii ~00 I Qg6Qlg Q6g1~ 

g1Q6Q f.!91 ~ Qlfj1~9 62QIOIQ 6(il'6Q '<IY'IQ 

91 6(il'6G ~ 6~~~, GIQI 6Q~Q~ I '<lQ 

'<IY'I~ OQ1!81'!_ ~1~6g G?Q gd46Q!SQ 'i~lii 

~I 

g§a14Q QIOY'll~I, ~l~IQ gl2Q ~~QIQQ 
. 6~ ..qQ" O~ 6QQ Ql~QOO Qg6Q §00 

~QIQ OOIQc?Jl'<l 6QIQ ~6Y'I QI~ ? 

~6fi §QQ §Q1!861 G?Q~Q 6'1, '<lQ 

G?IQG?Y'llg'"° Qg6Q 91~1QQgQ QIQ §QQ 

QQeJl'<l I "<121 G6Q ~16Ql~I G?Ql'11~ I 

(I) ~~~ E>~~~QQ "i : 
. ~16Y'I Qlq 6'1,. 91'11'100 ~~QIQ6Q '<191~ 

6QQe/91 '<lQ ty~QI ~€£' I ~~QIQQ 6182~~ 

~~ gjQ6Q Ql~lQQgQ 69Q ~til' rnQeJl'<l I 

~ ~@. ~16fi ~Ql'l_ 4!6~QQI 696~ '<121'1_ 

6f1QI QQ i011Q6Q '<IQI ~1E;J t~'11'<l I 

11 

(Ii) 6'1£l~l~I 'ii : 
QQ9Q Gl£1Y'll21 ~~ OIQ6Q ~~G? ca·~Q 

~qY'l16g QI£!~§ ~2til G?Q ~~G? QQQ ~§Q 

~~G?IQ1 621QeJI§ t3 £141'<11"' ~Qlll'i_ ~g1Q§Q 

621QeJI§ I 
~ 

(iii) l!Jl~G'IQ g1~ : 

91q6Q QO~G e!91 ~Q91'1Q OQY'll~'l_: . 
< - -~ ' 

~IQGI (il'Ql'11'<l I ~IY'I ~1Qrn~6Q f.!91 91q gQfi . - ... 
GIOY'll216Q '<ll~G gQY'llQQ ~~1QQlfj ~IQQ . 

G?QOl6Q '<lQ" GIQIOI~ ~~Iii' ~Q . Qlfj ~100 . 

6?00100 giQ' I '1~ 91q6Q ~~~ ~Q~ 
Qt:l~G l!jQ 6Q69 Qlfj!Q~ 6QQ ~I'<! OIQQ I 

(iv) £l~E>OOQ "i: 
'<l~IOOGB 000 ~l!jQI ~Q t3QI 

liQI ~~ ~1-Q I~ 6QQ $Q ~QtfjQ 

. ~ OOO@'<IG?l6 6§(1Q $1'<1 I@~. 

QQOl46Q l!j91 ~1QQlfjQ OQY'lltl Gi'?i'11'<1 I 

'<lQl6'11~ 91~Q~ QIQ ~NJ I 

1.5.2 91~1Q9~ ~1~6'1 ~ij ~E)Q : 

(Evaporation Causes Cooling) 

6Ql~'<l 6~1QI 0126Q GQ~ £1Qlei° Q~6Q, 

'421 §Q9i~ QIQ6Q ~16Q ~16Q 91fj1~G 

621QeJl'<I 1 '<lQ QQQ OQlei°Q ~qY'll6~ a§a14~ 
~§ ~QE.i~l~til G?Q 91fj!Q00 696Q itlQIQf.!91 

~§'!. qggQOO (il'Qei1§ I g§rn4 91 ~IQal~ - - . - . 
~9 ~96~1~G 62Qf.!QI~ '<l~I OQal~'!_ eJGI 

~1'<11 

~ g~ ~~IQQI a1Q' ~ 6QQe!QI 

§~ gQY'llQQ '<lQ6£11g, -~IY'I 21Q g1qQ Qa<;Q 

Ql~Q (i?'Q i'<l ? '<lQIQ ~q 21~1q~ ~ 

~ G?6Q C3 g001~ Y'I~ ~ ~§ ~~ QQal'<l I 

'<l21 6~1~ '<lQ6£'1~ . Ql~QOO ~ '1121 ~Q 

~lfi 21001~ Glil'I 00! Ql6Q I 



~QIQ6~ ~IYI 6Q26)_ Q~G ~I~ QIQl6Q 

~121 Q~Q ~IYI 6QQ eJ.UI Q6Q I ~16Yl~lq 6~ 

Ql~!QOO QJYl.£\6Q 00~ ~~6Q l!!QI ~(iillY116~ 

~~~I ~QlQ ~6)_ ~§ ~IQQQ ~ Ql~~G 
6QIQeJI~ I Ql~!QOOQ ~£1 G'ltl QIQG' QYll~ G'ltl 

'iil§ ~Q1Q6)_ ~Q6~1~G ~:<l '1121 OQE;Q ~QlQ 
~1\;19 ~~Q I 'i.GI 6t:Jral(iil ~ QQ ~Q6~1~Gil I 

9.._GI 681~1(iil ~QlQQ ~I~ QQ QIQ6Q ~Q6-t>ll~Gl 

~Q ~IQI Qlq_YI~~ Q0Q~6Q ~16C(J (3 ~1~ 
Ql~~g 6QIQ'11'<1 I 

eJGI ~Q~-~Q ~~l~IQeJ.91 Gl,!~Q 
..$'- - . 

91~1Q ~E>Q QI~ ~QQ Qq(jjl .(droplets) 

~I~ 6~91~ ?169 ? 

6Q~'<l ~«16Q §~ eJ4JI IQ\QO ~ ~16YI 

6~1 I ~i QJYIQ 86Q 6QQ ~QQ QIQIQ tl6~ 

~~ <16~ 9~'ii1Yll6~ QIQ Q2~QIQ ~16fl 

6~1 I Qlq_6Q ~I ~~QI~ ~IY116~ ~«lQ 
~1GQ ~~Q QJ0Q~6Q ~1~6Q ~ 26l1Qe11ij 1 '<li?I 

6'11~ 6QY116~ Q41Ql.£\ ~QlllbJ. GQQ ~Qlll'i 
0000.G' ~~~. '1121'i ~16YI ~Q_Q QIQIQ ~~6Q 

~ OO(iil Q06Q 6~ I 
- <-

~~: 

1. '<JG? 'i'\Q (cooler) G?I~ t~ QOO ~Q 
~14<i ~ QQ QIQGQ eJ.UI ~eJl'<l ? 

~~ 

2. rn{,1 tllQ6Q Q~l'11Ql!!QI ~~ G?l2(iil 

3. 

4. 

5. 

~QIQ6~ eJ~l GJ..62 ? 

QIG 01q§6Q §~ '<1~6~1~, QI 686~1Q . 
~~ 

QI t;J_Qi (perfume) Q~6Q G?ISXi1 ~16YI 

eJ~I ~~QQ G?6J. ? 

2'.116Y1 QI~ QQYI ~I QI QOO ~lQ'i 'il'£\6J.. 

6Q.~6Q QI§ GQQl'i_ 6~1 G?6J. ? 

~I Q6~ ~16YI 6'iilQ ~G?IQQ 681~1(jjl 

GiQ1 QOO ? 

12 

~Q~l~~I: 

~1~1@ 6Qsal~l6~ \JQIOO 8lS~ ~Qlll 
~~ 6QIQ ~IQ6Q~ I 6C(J ~~G? 6QQI - ~00, 
G'Q~, Q41C(Jl.£\, ~~I (3 6Ql~-~IQ~,~IQ~, 

Q0 fJ§G (condensate) ~Qlll I 

~~I: 

OQleJQ '<IQ ~Q'al, ~G ~g~IQl C3 ~ 
Q6QW Q~(iillYll~ ~IQI QOO Ei21QeJl'<I I '<IQ 

~li?I~~ ~IQ~ 6QIQ~QI Q41«16Q. (ionised 

gas) ~IQ~ ~16Q eJl~I~ I ~m:;• ~ ~ 

(sign lamp)6Q ~Qg QYl«I ell'<l I ~G'ii'1Ci:1 . 

(fluorescent tube) ~1 QG'6Q QQQY1 QI ~gij 

§~ £141Q QQeJl'<l I '<lQ Q41«1YU~~ . Y1~6Q 

6'16G'6Q6~ QQ._%\ ~g ijQIQG §l'<I, 

6Q6G6Q6~ 6c.IY11~~Q QQQIY116~ ~l~G . 

621Q~l~I§ (3 Q41QJ6Q ~~I GQGlf116~ ~ij 

~~ij I ~~I G?QGIYllW Q~G 6'11'0f ~16fl 
g§Q1g ~16Q '<J(jjl ~~121'n' ~16Qlli? Qlg 

(glow) 6~0!6J.. I '<12 91gQ QQ' QltlQQ ~61 

Q06Q ?.'QQ G6Q . I Q~ ~ QYIQEiQ ~ ~Q 
QQ' ~ ~ 621Qell'<l I ~ (3 ~I~ OOIY116~ 
6'1Q 91£j gfii'I~ ooij 9121 6QOl6Q e!QI ~<a°~ 
~~Yll li?~GIYll'n'~ Qtl~§ 6'11~ «lBQOQ 

621QeJl'<l l.GIQIYllW6Q 00 Q{;' ~IOO~l 6'1~ 

~~I ~ij EiQIQeJl'<l I 

691~-~IQ~IQ~, ~·~w 

(Bose-Einstein Condensate) : 

Satyendranath Bose Albert Einstein 



1920 f1QQl6Q QIQQlQ mm5 Qsa1g1 

Q6G"l'lg1ei E>Q1~ £1Q1aQ £Jmf1 ~Q<Q1 QP1<n'6Q 

6~QQ Q61g1 ~Qe!6Q I G'l"1'Q 6QQ Q61gllii 

QQ'1'Q ~IQQ~ ~IQ~~IQ~ £1QlfJQ '<JQ ~gg 

~Q<QI 6Ql~-~1~~1Qg, Q0Q~ ~Q<QI (BEC) 

Q ~Q~~ ~~I (prediction) 6QQe!6lil k:JIQllil_ 

tJQleJQ £18fl ~Q<QI lil_Sl%1QI I '<lOO,.'<J.~qJQ 

(Eric . A. Cornell), (llQOQl!if 6Q6£'Q 

(Wolfgang Ketterle) '<l~ QIQ{it Q. QQm1g, 

(Carl E. Wieman) '6QI~- ~l~I~, '<!°~' 

(Condensation) Q£16Q tJQ1al~ £1600611· 

~ 2001 fl~Ql6Q £1Qlel Q&l~Q 6~16QQ, 

qQ~IQ tl1Qe!6Q I ~g ~ <al~G'l6Q ( '<11~100 

Ql'!_Q '<JQ-~Q-<Cl2'gl0~ '<ll~GI) 6"1Q~ '<JQ 

QlllCllil_ ~G"l~Q eJQI QQ6lil 001el6Q 6QI~­

~~~ Q0~ ~I (BEC) ~ 621Qell'<I I 

~Q ~QE>~Q www.chem4kids.com 

QQQI~ tJQleJQ ~ei (3 tl!Jfl e!Q<QI «ll'fQ6Q 

~fl ~~Q Gell OIQ OIQQ I ( tJIOO 'J,Q 6~1 

Q~'l~QQ q~ I Q~'I~ 9'19i?IQ QQQI 

ir.11 I) 

tJl6Y1 Q' t;i iiqi_E>Q : 

• OOleJ ~<a0ia!4 6~1~ 6~1£1 ~Qlfll~ 6~ 

GOO I 

• ~lfl 91Qtll~6Q e!QI 0Qlelf116g Q6~1~ 
~Q<Q16Q QQeJl~lij, ~ell- Q()g, OQ9 (3 

Q41'<11"' I 

• ziq ~~fllW f1~6Q e!QI ~l~Q W ~ 
ooeJ 6~Q ~ 6QIQ~l696~ 009 

tJQleJ 6~Q6Q 000 ~OOQ '<l~ Q41'<11Q 

001el~Q l(JOOf.I 6QIQeJl'<l I 
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• £1Qla QOQ 621Qe!QI ~~'ii'lfll~ flct16Gl 

~QI 01"1'1 'Sig 13 6QQ QQ'ii'lfll~Q QOG' 

~§. ~Q Q~, ~Q flctlfl ~Q 

C3 Q41Q6Q QQl~'ii' 6QIQeJl'<l I 

• Qog £1Q1e1Q ~qq~Q §o~ ~flE)Q <CJ§Q 

6QIQ QQeJl-<I I G'Q9 £1QleJE)Q ~qq~Q 

QQ QQ (layer) 6QIQ QQeJI~ <3 ~q~tl~IQ 

QQq~~ OOQQ <ClQQ Q~ 6QIQ £1QQQ 

Q£16Q ~~ (slide) tllQ~ I fll~ Q41Q1'1 

£1QleJE)Q ~qq~'ii' 6"1Gl~ §o~ ~f16Q g 

QQ . '<1€)6160661 ~§Q¢;Q Ql6Q Q§ 

QQeJI~ I 

• tJQleiQ ~QCSI ~'i8-00QQ~I~ I QIOOl~I 

QI 91£1 o§oog QE)Q OOlel 6Q@'<J ~QCSI~ 

~gt! ~Qllllil_ £1QQG!G 6QIQ£116Q I 

• Qfi[£11G'g g~'116Q £101eJ (iil()g ~Q~IGJ. 

G'QQ ~Q<Qllil_ g ~IQ ~~IQ~~ Q41<Cl1Q 

~QfilKii ~l'iOO 6QIQeJl-Q k:JIQI Qool~I 

(vice-versa) flctl 6QIQ£116Q I 

• 009Q ~~ (boiling) '<IQ QI~ £100£-Gll 

(bulk phenomenon) I <t_£1g g~Ql6Q 

OQ~ '<lfl~ ~0~6,)_ lii'~lii'I <aQ_Q Ql~la 

~Q<illlii ~tllOOG \l~ij ! 

• Ql~QQg '(](iii ~4iQQG' tJQQG'Gll ~()£" I 

~4iGQbQ e!QI ~"9.,~~ g6e.J~ ~§ ~IQQ~ 

QQ ~q ~q flctl6Q ~QI ~llii'~Gl Q~Q 

~"''i {)'{] G'Q~ ~Q~l6,)_ Q41Q1Q ~~l'ii. 

tlQQG!.Q 6QIQg(~ I 

• Ql~lQQOO 6QQ, ~l'!_Yltll~~ Q~g f_!QI 

Q~ ~~Q 6!a~O~, GIO~IQI, ~l~GI '<JQ0 

£1Qg ()QQ QOE>Q ~QQ 'ii'Qe.JM I 
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• 

• 

Ql'Jl~Q~Q ~J._£JQIO 6QQ~ '<l<il'<il' 

QlqYIGQlQ 910 '<IQ0 't_£'~11;i" QIOYll~l6Q 

~I '<l<il' ~I~ QYl~6Q tJOOQ ~I 
rnQ' ~IQ<Q~<il' 65Xill'_!QI QIO~§ I 

QQ{lill<il'Q~Q ~gQIO 62Q~ WQ~~(iil 

65Xill'JQI 6110~§ ~IQl~IQI '<l(iil §. '2)1 "'6~ 

OQlej Q~I-- QIOY11~16Q OO~Q oo~m 
621Qell'<I I 

14 

YllO 

GllOYll~I 

~QGll 

~~ 
(3~ 

~IQGI~ 

<al~Gll 

910 

II ~~19Q1 II 

(a) 300K (b) 470 K (c) 237 K 

2. ~6~1~ GlfOOIQl'!_ 6(iilQ'1~, 6Q.Q6Q OQOO <il'Q I 

(a) 21°c (b) 100°c (c) 273°C (d) o0c 

3. (i;llOO 001~ I 

(a) · Q~Q ~Q~~<il' §~Q~ 06Q ~~~ 621Qel'<I I 

'<l<il'~ 

(i(iXjj)Q~ 

?'i~Q 

Q6Ql'211YI 

~Q~ 

Q~ ~~Q 

Q'211 I ?13 

g1Q6l'lfii'\ 

(c) -20°c 

(b) ~16Yl ~gQ ~~016J. ~6~ ·~0016Q eJIQ Yl~ ~gQQ Ql~l -~~QQ QQOl6J. I 

~611~ 

K 

m 

kg 

N 

m3 

kg m-3 

Pa 

4. §6~1~ ~QleJ~~lii 6~Yll~ ~~ f1~6Q e!QI ~l~Q WQ ~QfllGllii ~l~IQ QQ Ql~£1 ~ ~~6Q 
6~ I 

~' ~. ~(iil,~6~ 

5. ~ 6~Q(jil ~~I §€~1~ Ql~f11216Q (jil'Q 6SXil ? 

(a) 2?°C (b) 0°C (c) 373K 
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9Y) ~~ G£~~Gi I Q1~4~~~ ~IQQI ~6~ ~~ 6fill~l,q' ~IQ61 ~QI~ 'i?Q 

(a) ~ICJIG't~ <O'l'CJ~IQl6Q \iii~ 00~ ~6£' I 

(b) '<l~ ~QI ~lfill~IQ1 Ql~IQ~ Gl~~l216Q 'ii'O~ ~6£' 

7. QQO t3 ~ Q(;)Q 273K Gl€l~l21GQ ~~~ I §'<l ~t.j~ eJ4.ll Q611€l~Q ? {iillQ'§ ? 

8. §..q ~I~ ~Q1Q6Q ~t.j~ ~ ~ij ~6Q, q_~~QI ~ ~I 919" ? 

••• 

.. 


