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1OOOO2 @@@@òzÐ—ÛaòzÐ—ÛaòzÐ—ÛaòzÐ—Ûa@@@@@@@@  
@ @ üa@µÈi@‰‚ûíÇñ‡yaë@òĐÔã@éÛ@˜—¦ë@|îz—nÛa@òîÜàÇ@Þý‚@òÓŠìÛa@áîÄäm@Šbjn@òîÛbnÛa@�íbÈ¾a@âa�ybiZ@ @

�@@òÜ÷�þa@áîÓ‹mÑÜn¬@æìÜi@òibufiÛ@òzšaë@òËbî–@ëN@ @
�@òîÏ‹¨a@�ibÈnÛa@��dm@@Kð†‡ÈÛa@ÕîjĐnÛa@òvînã@o¥@‹Đ�@Éšë@ @

õbîàîØÛa@ @@Z07,00@ÁÔã@ @
õbí�îÐÛa@ @@Z13,00@òĐÔã@ @
áîÄänÛa@ @@Z01,00@òĐÔã@ @ˆbn�þaˆbn�þaˆbn�þaˆbn�þa@Z@Z@Z@Zï’bîÈÛbi@µ�¨aï’bîÈÛbi@µ�¨aï’bîÈÛbi@µ�¨aï’bîÈÛbi@µ�¨a  

@ @

ˆbn�þa@Zï’bîÈÛbi@µ�¨a@Oòîöbí�îÐÛa@âìÜÈÛa@ñ†bß@ @

@ @
1( @ïĐÈã@À@òÔîqìÛa1@@òqýq÷í�upb@Zõb¾a@ò÷í�u@2H O@@ëµuëŠ‡î�a@ŠëŠìÜ×@òîö�u@HCℓℓℓℓ@ë@æìi‹ØÛa@‡î�×ëc@ïöbäq@ò÷í�u@2CON 

1.1( ÝrßbäÈÛa@ŒìßŠ@óÜÇ@L@LòîöbîàîØÛa@‹–“Ûaz@òîö�§a@å++++δδδδ@@ë−−−−δδδδ@ëwnän�aLpb÷í�§a@ê‰ç@µi@åß@L@òîjĐÔÛa@�Ëë@bèäß@òîjĐÔÛaN 
2.1( @µn÷í�§a@òîãbiëˆ@æŠbÓHCℓℓℓℓ@@ë2CO@õb¾a@ÀN 
3.1( �a@ŠëŠìÜ×@ò÷í�u@æbiëˆ@‹º@õb¾a@À@µuëŠ‡îÝya‹ß@týq@�Ç@N@òjm‹ß@bç‹×ˆaåß�Ûa@ÀN 

2( @bàvy@kí‰ãHCV
ℓℓℓℓ

@@µuëŠ‡î�a@ŠëŠìÜ×@ŒbË@åß(g)HCℓℓℓℓ@@áv¨a@óÜÇ@Þì—zÜÛ@õb¾a@À

0V 100mL====@ÙíŠ‡íŠìÜØÛa@sà¨@(aq) (aq)(H C )+ −+ −+ −+ −++++ ℓℓℓℓ@ïÛì¾a@ê�î×‹m@0C 0,4mol / L====N 

1.2( @áv¨a@k�ytaHCV
ℓℓℓℓ

@@ïÛì¾a@áv¨a@æc@bàÜÇ@òi‹vnÛa@Âë‹’@À1
mV 24L.mol −−−−====N 

2.2( òÛ†bÈß@kn×ta@õb¾a@À@µuëŠ‡î�a@ŠëŠìÜ×@æbiëˆN 
3( @Ùã�Ûa@�ÜÏ@ÝÇbÐm@ÉjnnÛ(s)Zn@@Éß@pbãìíc(aq)H ++++@òÔîqìÛa@À@Ýrà¾a@�í‹vnÛa@kî×�Ûa@�väã@L2É›ã@sîy@L@@ÀÛa@ñŠëŠbÔ¨aáv@0V 100mL====@

@åß@µuëŠ‡î�a@ŠëŠìÜ×@ÞìÜ«(aq) (aq)(H C )+ −+ −+ −+ −++++ ℓℓℓℓ@@�î×�Ûa@ðˆ0C 0,4mol / L====@@Ñî›ã@ë
nÜn×@Ùã�Ûa@åß@òÈĐÓ@éîÛg@bèm 3,27g====@ÝÇbÐm@òÜuì¨a@À@t‡±@Lmwnä@éäÇ@@Ùã�Ûa@pbãìíc

2
(aq)Zn ++++@@ëèÜÛa@åß@éjí‹Ôm@‡äÇ@òÈÓ‹Ï@t‡±@ŒbËkN@@ávy@Éîà¤@�@òi‹vnÛa@ê‰ç@Þý‚

gV 480mL====@xŠ‡¾a@Šbjƒ¾a@ÀN 
pbîĐÈß@ZÙã�ÜÛ@òîÛì¾a@òÜnØÛa@ZM(Zn) 65,4g / mol==== 
1.3( æìØn¾a@ŒbÌÛa@òÈîj�@bßN 
2.3( @kn×ta¾a@òÛ†bÈ‘ëŠ‡¾a@ÝÇbÐnÜÛ@òu‰àä¾a@òîöbîàîØÛaN 
3.3( pýÇbÐnàÜÛ@òîö‡jÛa@ñ†b¾a@òîà×@k�ytaN 
4.3( òîöbîàîØÛa@òÇìà�a@ŠìĐnÛ@ïÐ–ìÛa@Þë‡§a@ø“ãcN  
5.3( @ó—Óþa@â‡ÔnÛa@òàîÓ@†‡ymx@‡�a@ÝÇbÐn¾a@wnän�a@ëN 
6.3( ÇcòîöbèäÛa@òÛb¨a@À@ñ†b¾a@òÜî—y@ÁN 
7.3( @k�ytaµuëŠ‡î�a@ïöbärÛ@ÉÓìn¾a@áv¨a@@Éß@éãŠbÓ@ëgVN@áv¨a@ïĐÈã@òîjí‹vnÛa@Òë‹ÄÛa@À@ïÛaì¾aZmV 24L / mol====N 
8.3( @åØß@÷Ðã@ÉjnmÞìznÛa@LLòîö‡jÛa@òÛb¨a@À@òÇìà�a@kî×‹m@÷Ðäi@ÙÛˆë@@Ái‹ia‡�@kÔq@ñ†ñŠëŠbÔÛa@�ßìãb·@L@óĐÇcÁÌš@‘bîÓ@@ŒbÌÛa

@Ý‚a†ñŠëŠbÔÛa@ÝÇbÐnÛa@òía‡i@ÝjÓ@òàîÔÛa@0P 100kPa====N@ÝØ“Ûa@óÜÇ@knØí@òîöbèäÛa@òÛb¨a@À@ñŠëŠbÔÛa@Ý‚a†@ÁÌ›Ûa@�jÈm@æc@µiZ@

f 2
f 0

0

n (H ).R.T
P P

V V
= += += += +

−−−−
@sîy@LV@ñŠëŠbÔÛa@ávyN@@k�yta@àîÓ@òfPN 

ïĐÈãZ@2
f 2n (H ) 2.10 mol−−−−====@@ë@T 298K====@@ëV 500mL====@@ë3 1 1R 8,314Pa.m .mol .K− −− −− −− −==== 

@ @
@pb×b�@�nƒ¾a@À@�väã@paŠ‡zä¾a@óÜÇ@pbi‹ÈÛa@ò×‹y¾a@�í‹vnÛa@kî×�Ûa@Ýrà

éjãbu@''@òÔîqìÛa1''@ñŠbî�Û@xˆì¹@åß@æìØn¾a@ë@(S)@@bènÜn×m 265g====@@Õí‹�@óÜÇ@Ú‹znm
òîàîÔn�ß@@òíëa�Ûbi@òÜöbß30α = °α = °α = °α = °N@@ÁÓýÛa@ÝàÈn�ã(D)@Ïb�¾a@‘bîÔÛ@òd@åÇ@éÜ—Ðm@�Ûa@
ñŠbî�ÛaN@ñŠbî�Ûa@Š‹®@ë@Ù�¾a@âbÄã@ÝÌ“ã@L@ïÛbnÛa@Þë‡§a@Ýrº@òÏb�¾a@áîÓd@@µi@òÜ–bÐÛa

@pbÄ¨@‡äÇ@ñŠbî�Ûa@ë@ÁÓýÛat@òÐÜn¬N @ 
@ @
 

t (s) 
t0 t1 t2 t3 t4 t5 t6 

1,2 1,24 1,28 1,32 1,36 1,4 1,44 

d(m) 
d0 d1 d2 d3 d4 d5 d6 

0,050 0,054 0,066 0,086 0,114 0,150 0,194 

@pbîĐÈß@pa‹ÔÐÛa1@@ë2@@ë3@òÜÔn�ß  
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@òÔîqìÛa1 
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Ù�¾a@âbÄã 

@òÔîqìÛa2 

@òÔîqìÛa1 

C O H Cℓℓℓℓ
H H

O
O

2CO 2H OHCℓℓℓℓ

� @òîjÜ�‹è×O@@òîjÜ�‹è×@åß@�×cHN 
� @òîjÜ�‹è×Cl@@òîjÜ�‹è×@åß@�×cHN 
� @òîjÜ�‹è×O@@òîjÜ�‹è×@åß@�×cCN 



 

    

@ôìn�ß@ZbíŠìÛbØjÛa@ÙÜ�@åß@¶ëþa@Oòîjí‹¤@âìÜÇ@ @@ïãbrÛa@Šbjn‚üa–@¶ëþa@ñŠë‡Ûa@ @2OOOO2 @@@@òzÐ—ÛaòzÐ—ÛaòzÐ—ÛaòzÐ—Ûa@@@@@@@@  
@ @

ˆbn�þa@Zï’bîÈÛbi@µ�¨a@Oòîöbí�îÐÛa@âìÜÈÛa@ñ†bß@ @

1( k�yta@L@òÔí‹�@ÞbàÈn�bi��dnÛa@i 1 i 1
i

i 1 i 1

d d
v

t t
+ −+ −+ −+ −

+ −+ −+ −+ −

    −−−−====    −−−−    
L@µnÄzÜÛa@‡äÇ@ñŠbî�Ûa@òÇ‹�@2t@ë@5t@§a@À@µnÜrà¾a‡ÞëN 

2( ta@k�yC2E@@ëC5E@Û@µnî×‹¨a@µnÓbĐÛañŠbî�Ü@@µnÄzÜÛa@‡äÇ@ïÛaìnÛa@óÜÇ2t@@ë5tN 

3( æŒë@ÝÌ’@æc@µi@@µnÄzÜÛa@µi@ñŠbî�Ûa2t@ë5tL@@ÝØ“Ûa@óÜÇ@knØí(((( ))))
2 5

5 2t t
W P m.g.(d d ).sin( )
→→→→

= − α= − α= − α= − α
����

N 

énàîÓ@k�ytaN@@ïĐÈãg 10N / kg====N 
4( @µnÄzÜÛa@µi@òî×‹¨a@òÓbĐÛa@òäç�ß@ÕîjĐni2t@@ë5t@ání@ñŠbî�Ûa@ë@Ýöb¾a@|Đ�Ûa@µi@‘bànÛa@æc@µi@Li×bØnybèß@pbòÜàN 

@ @
@ @@òÔîqìÛa@À@òÜrà¾a@òÇìà�a@æìØnm1@åßZ@ @

� @kÜ–@á�u(S)@@õa�uc@òqýq@åß@òãìØß@òî�cŠ@òØ�@óÜÇ@Öü�ãýÛ@ÝibÓAB@@ëBC@@ëCD[@ @
� @ñ‹Øi(P)@@bçŠì—Ó@â�Ç3 2J 10 kg.m−−−−

∆∆∆∆ ====@@oibq@Šì«@Þìy@æaŠë‡ÜÛ@òÜibÓ( )∆∆∆∆[@ @
@á�§a(S)@ÜÇ@ÕÛ�äí@ü@ë@ñ‹ØjÛa@ô‹ª@óÜÇ@ÒìÐÜß@òÜàèß@énÜn×@Áî£@Ájm‹ß[éî@ @

@µi@‘bànÛa(S)@�Ûa@ë@�ìĐAB@@ëBC@@bèß�Ç@pb×bØnya@òuë†�¾@É›¦@ñ‹ØjÛa@ë@LòÜàèß@pb×bØnybi@áníM 0,05N.m= −= −= −= −N@ @
òÇìà�a@Š‹®@äîÏá�§a@ÕÜĐ(S)@@åßA@i@æë‡òîö‡i@òÇ‹�1

Av 0m.s−−−−====@òÇ‹�@‘bîÓ@óĐÇc@L(S)@@Éšì¾a@‡äÇB@ÛaòàîÔZ@1
Bv 1,2m.s−−−−====N@ @

pbîĐÈßZ@ @pbÏb�¾aZ@@AB 24cm====@@ëCD 1m====@[@ñ‹ØjÛa@ÊbÈ’@Zr 10cm====@@ëð‹öa‡Ûa@Šb�¾a@ÊbÈ’@����BCZ@R 25cm====N@ @
@ @@ @@á�§a@òÜn×(S)@Zm 400g====@[òÛbÔrÛa@Þbª@ñ‡’@Zg 10N / kg====@@òíëa�Ûa@[30α = °α = °α = °α = °N 

@ @
 

1( @�ß‹ã@Šb—n‚ýÛÛµi@òÏb�àÜ@@µÈšì¾aA@@ëB@���iZAB ==== ℓℓℓℓ@�ß‹ã@ë@L@ñ‡“Û@l@Áî©a@‹mìmTN 

1.1( â@ÕîjĐni@NÂ@N�N@óÜÇ@(S)@µi@@µÈšì¾aA@@ëBL@a@ojqcòÓýÈÛ@Z2
B

1
T. m.g. .sin( ) .m.v

2
= α −= α −= α −= α −ℓ ℓℓ ℓℓ ℓℓ ℓ 

2.1( @ÕÔ¥@åß@@òàîÓ@æc@ñ‡“ÛaT@ïç@ZT 0,8N====N 
3.1( @k�ytaBωωωω@òÇ‹�Ûa@íëa�Ûaò@‹ØjÜÛñ@ì¾aÔÏa@ò@‘bîÓ@òÄzÜÛBvN 

4.1( â@ÕîjĐniNÂN�@Na@óÜÇjÈm@æc@µi@ñ‹ØjÛ@�J∆∆∆∆@Ø“Ûa@óÜÇ@knØíÝ@Z
(((( ))))

2
B

2 T.r. M.
J∆∆∆∆

∆θ + ∆θ∆θ + ∆θ∆θ + ∆θ∆θ + ∆θ
====

ωωωω
@N@åß@ÕÔ¥òàîÓ@J∆∆∆∆N 

2( @Šë‹ß@‡äÇ(S)@@Éšì¾biB@Líääß@Áî©a@oÜÐéL@@Éibníë@Éšì¾a@¶g@Ý—îÛ@én×‹yC@òÇ‹�i@CvN 
@@Šbn¯@ôìn�¾a@ïÔÏþa@Šb¾a@åß@C@bÈu‹ß@òÓbĐÛ@ÉšìÛa@òîÛbÔrÛaZ@PPE (C) 0====N 

1.2( @òîÛbÔrÛa@ÉšìÛa@òÓb�@åÇ@�ÇppE (B)@@Éšì¾a@‡äÇB@òÛü‡im@@ëg@@ëR@@ëααααN 
2.2( @òîØîãbØî¾a@òÓbĐÛa@�jÈm@wnän�amE (B)@@òÛü‡im@@ëg@@ëR@@ëαααα@@ëBvN@@æc@åß@ÕÔ¥@mE (B) 0,422J==== 
3.2( @LòîØîãbØî¾a@òÓbĐÛa@ÃbÐ®a@ÝÇ@Ú†bànÇbi@æc@µi1

Cv 1,45m.s−−−−====N 
3( @Éibní(S)@én×‹y@@ïÔÏþa@|Đ�Ûa@ÝÇCD@@Éšì¾a@‡äÇ@ÑÓìnîÛD@ß@pb×bØnya@�qdm@o¥@ñ‡îyë@ñìÔÛ@ò÷ÏbØf

����
@@ë@ò×‹¨a@êb¤a@÷Ðã@b�

ò×‹¨a@ózä¾@÷×bÈß@bçbzäßN 
1.3( k�ytaL@@åß@ÞbÔnãüa@Þý‚C@@¶gDL@@òîà×bĐÛaòÓ@Q@òíŠa‹y@¶g@òîØîãbØîß@åß@bèÜØ’@�Ìm@�ÛaN 
2.3( wnän�a@Ûañ‡“@f@Û@ñìÔÜf

����
N 
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C D

αααα

αααα

(P) )(∆(∆(∆(∆

O

R

R

ppE 0====

@òÔîqìÛa1 
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����
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����
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ñ‡Çb�ß@Zr.= ∆θ= ∆θ= ∆θ= ∆θℓℓℓℓ



@
@

 

@�—ã@åi@ó�ìß@òíìãbq@M@pb�îà©a@ @
ôìn�¾a@ZbíŠìÛbØjÛa@ÙÜ�@åß@¶ëþa@ @

@„íŠbnÛa03O01O2015@ @

Œb−⁄a@ñ‡ß@ZµnÇb�@ @
@ÙÜ�¾a@ëc@òjÈ“Ûa@Zòîjí‹¤@âìÜÇ@ @

1OOOO4 @@@@òzÐ—ÛaòzÐ—ÛaòzÐ—ÛaòzÐ—Ûa@@@@@@@@  
@ @ üa@µÈi@‰‚ûíÇñ‡yaë@òĐÔã@éÛ@˜—¦ë@|îz—nÛa@òîÜàÇ@Þý‚@òÓŠìÛa@áîÄäm@Šbjn@òîÛbnÛa@�íbÈ¾a@âa�ybiZ@ @

�@ÑÜn¬@æìÜi@òÜ÷�þa@áîÓ‹m@òibufiÛ@òzšaë@òËbî–@ëN@ @
�@òîÏ‹¨a@�ibÈnÛa@��dm@@Kð†‡ÈÛa@ÕîjĐnÛa@òvînã@o¥@‹Đ�@Éšë@ @

õbîàîØÛa@ @@Z07,00@ÁÔã@ @
õbí�îÐÛa@ @@Z13,00@òĐÔã@ @
áîÄänÛa@ @@Z01,00@òĐÔã@ @ˆbn�þaˆbn�þaˆbn�þaˆbn�þa@Z@Z@Z@Zï’bîÈÛbi@µ�¨aï’bîÈÛbi@µ�¨aï’bîÈÛbi@µ�¨aï’bîÈÛbi@µ�¨a  

@ @

ˆbn�þa@Zï’bîÈÛbi@µ�¨a@Oòîöbí�îÐÛa@âìÜÈÛa@ñ†bß@ @

@ @
1(  

1.1( Ýrß@LòîöbîàîØÛa@‹–bäÈÛa@ŒìßŠ@óÜÇ@L“Ûaz@òîö�§a@å++++δδδδ@@ë−−−−δδδδ@ëwnän�aLpb÷í�§a@ê‰ç@µi@åß@L@òîjĐÔÛa@�Ëë@bèäß@òîjĐÔÛaN 

@@@@@@@@@@@ 

2.1( pb÷í�§a@òîãbiëˆ@òãŠbÔßZ 
ˆ@òîãbiëHCℓℓℓℓ@c@õb¾a@À@òîãbiëˆ@åß@�×2CO@N@æþHCℓℓℓℓ@@ë@òîjĐÓ2CO@ĐÓ@�Ëjòî 

3.1( @õb¾a@À@µuëŠ‡î�a@ŠëŠìÜ×@ò÷í�u@æbiëˆ@‹ºÝya‹ß@týq@�ÇZ 
on“nÛa@áq@éîànÛa@áq@ÙØÐnÛaN 

2(  
1.2( ŒbÌÛa@ávy@lb�y 

@bäí‡Û0
0

0

n
C

V
====

@@@@
ë@@@@@@HC

0
m

V
n

V
==== ℓℓℓℓ@@@@@@éäßë@@@@@@@HC 0 0 mV C .V .V====

ℓℓℓℓ
@@@@@@⇐⇐⇐⇐@@@@@pNÊZ@@@@@@@@@@HCV 0,96L====

ℓℓℓℓ
N 

2.2( òÛ†bÈß@ˆõb¾a@À@µuëŠ‡î�a@ŠëŠìÜ×@æbiëZ 
2H O

(g) (aq) (aq)HC H C+ −+ −+ −+ −→ +→ +→ +→ +ℓ ℓℓ ℓℓ ℓℓ ℓ 

3(  
1.3( æìØn¾a@ŒbÌÛa@òÈîj�@ZòîöbîàîØÛa@énÌî–@µuëŠ‡î�a@ïöbäq@ŒbËZ 

2(g)H 

2.3( ¾a@òÛ†bÈîØÛa‘ëŠ‡¾a@ÝÇbÐnÜÛ@òu‰àä¾a@òîöbîàZ 
2

(aq) (s) 2(g) (aq)2.H Zn H Zn+ ++ ++ ++ ++ → ++ → ++ → ++ → + 

3.3( ×pýÇbÐnàÜÛ@òîö‡jÛa@ñ†b¾a@òîàZ 
@bäí‡Û0[H ] [C ] C+ −+ −+ −+ −= == == == =ℓℓℓℓ@ðc@Zi (aq) 0 0n (H ) C .V++++ ====@@ëi 0 0n (C ) C .V−−−− ====ℓℓℓℓ@@ @

@éäßë2
i in (H ) n (C ) 4.10 mol+ − −+ − −+ − −+ − −= == == == =ℓℓℓℓ@@@@@ @ìç@lìÜĐ¾a@Z2

in (H ) 4.10 mol+ −+ −+ −+ −====@ @

@bäí‡Û@ëi

m
n (Zn)

M(Zn)
====@@@@ @pNÊZ@ @@ @@2

in (Zn) 5.10 mol−−−−====N 

4.3( òîöbîàîØÛa@òÇìà�a@ŠìĐnÛ@ïÐ–ìÛa@Þë‡§aN 

@
@
 

(aq)2.H++++
2(g)H

0

(s)Zn 2
(aq)Zn ++++→→→→++++ ++++

−−−− x x

0in (Zn)

2.x

m2.x−−−−

in (H )++++

mx mx
in (H )++++

in (H )++++

−−−−
−−−−

xin (Zn)

in (Zn)

òîöbîàîØÛa@òÛ†bÈ¾a@ @

òÇìà�a@òÛby@ @@â‡ÔnÛax 

òîö‡i@òÛby@ @0 

òîäîi@òÛby@ @x 

òîöbèã@òÛby@ @xm 

@Þì¾bi@ñ†b������������������¾a@pb��������������������������îà×mol 

mx

@òÔîqìÛa1 

C O H Cℓℓℓℓ
H H

O
O

−−−−δδδδ++++δδδδ−−−−δδδδ −−−−δδδδ

++++δδδδ++++δδδδ

2 −−−−δδδδ
2 ++++δδδδ

òîjĐÓ@ @òîjĐÓ@ @òîjĐÓ@�Ë@ @

@òÔîqìÛa1 

C O H Cℓℓℓℓ
H H

O
O

2CO 2H OHCℓℓℓℓ

−−−−δδδδ++++δδδδ−−−−δδδδ −−−−δδδδ

++++δδδδ++++δδδδ

2 −−−−δδδδ
2 ++++δδδδ

@pbîĐÈß@pa‹ÔÐÛa1@@ë2@@ë3@òÜÔn�ß  



 

    

@ôìn�ß@ZbíŠìÛbØjÛa@ÙÜ�@åß@¶ëþa@Oòîjí‹¤@âìÜÇ@ @@ïãbrÛa@Šbjn‚üa@|îz—m–@¶ëþa@ñŠë‡Ûa@ @2OOOO4 @@@@òzÐ—ÛaòzÐ—ÛaòzÐ—ÛaòzÐ—Ûa@@@@@@@@  
@ @

ˆbn�þa@Zï’bîÈÛbi@µ�¨a@Oòîöbí�îÐÛa@âìÜÈÛa@ñ†bß@ @

5.3( ¥‡í@ó—Óþa@â‡ÔnÛa@òàîÓ@‡mx@ë‡�a@ÝÇbÐn¾aZ 

æc@��ÐãZ@H++++@âNâ@Zi m1n (H ) 2.x 0++++ − =− =− =− =@ @ðcZ@ @@2
m1x 2.10 mol−−−−====@ @

æc@��Ðã@ZZn@âNâ@Zi m2n (Zn) x 0− =− =− =− =@@ @ðcZ@ @@2
m2x 5.10 mol−−−−====@ @

m m1 m2x min(x ;x )====@@ðc2
mx 2.10 mol−−−−====@@ìç@‡�a@ÝÇbÐn¾a@ë(aq)H++++N 

6.3( òîöbèäÛa@òÛb¨a@À@ñ†b¾a@òÜî—yZ 
@òàîÔÛa@â‡ÔnÛa@‰‚dí@bß‡äÇ2

mx 2.10 mol−−−−====@æìØm@Zfn (H ) 0++++ ====@@ë2 2 2
fn (Zn) 5.10 2.10 3.10 mol− − −− − −− − −− − −= − == − == − == − =@ @

ë@2
f in (C ) n (C ) 4.10 ml− − −− − −− − −− − −= == == == =ℓ ℓℓ ℓℓ ℓℓ ℓ@@æþ(aq)C −−−−

ℓℓℓℓ@)Áî“ã@�Ë(N@ @

@ë2
f 2(g) mn (H ) x 2.10 mol−−−−= == == == =@@ë2 2

f (aq) mn (Zn ) x 2.10 mol+ −+ −+ −+ −= == == == = 

7.3( �yb@lµuëŠ‡î�a@ïöbärÛ@ÉÓìn¾a@áv¨aZ 

@bäí‡Û2
f 2n (H ) 2.10 mol−−−−====@@ë2H

f 2
m

V
n (H )

V
====@ðc@Z

2H f 2 mV n (H ).V====@pNÊ@Z
2HV 0,48L====@@ðc

2HV 480mL====N@ @

ÉÓìn¾a@áv¨a@ðëb�í@ávy@@ŒbÌÛagV@éÈîà¤@�@ð‰ÛaN 

8.3( @pbjqgòîöbèäÛa@òÛb¨a@À@ñŠëŠbÔÛa@Ý‚a†@ÁÌ›Ûa@�jÈmZ 

�nÈã@@ŒbÌÛa2H@í“@@áv¨a@ÝÌ
2H 0V V V= −= −= −= −@@ëýßb×@aŒbË@êŠbjnÇbi@Z

2 2H H f 2P .V n (H ).R.T====@@ðc
2

f 2
H

0

n (H ).R.T
P

V V
====

−−−−
N@ @

@æc@áÜÈã@ë
2f 0 HP P P= += += += +@æc@ðcZ@f 2

f 0
0

n (H ).R.T
P P

V V
= += += += +

−−−−
N@ @

pNÊZ@@@ @@
2

3 3
f 6

2.10 .8, 314.293
P 100.10 223, 88.10 Pa 224kPa

(500 100) 10

−−−−

−−−−= + == + == + == + =
− ×− ×− ×− ×

≃≃≃≃ 

@ @
1( �ybl@@µnÇ‹�Ûa2v@@ë5vZ 

3 1
2

3 1

d d
v

t t

−−−−====
−−−−

@pNÊ@Z2

0,086 0,054
v

1,32 1,24
−−−−====
−−−−

@⇐⇐⇐⇐@1
2v 0,4m.s−−−−====@‡−@òÔí‹ĐÛa@÷Ðäi@Z1

5v 1m.s−−−−====N@ @

2( lb�y@C2E@@ëC5E@Û@µnî×‹¨a@µnÓbĐÛañŠbî�Ü@@µnÄzÜÛa@‡äÇ@ïÛaìnÛa@óÜÇ2t@@ë5tN 

2
C1 2

1
E .m.v

2
====@pNÊ@Z(((( ))))23

C2

1
E 265 10 0,4

2
−−−−= × × ×= × × ×= × × ×= × × ×@C2E 0,02J= ⇐= ⇐= ⇐= ⇐@N‡−@òÔí‹ĐÛa@÷Ðäi@ZC5E 0,13J====N 

3( @�jÈm@¶g@Ý–ìnÛaæŒë@ÝÌ’@@µnÄzÜÛa@µi@ñŠbî�Ûa2t@ë5tZ 
bäí‡ÛZ@@@

2 5
5 2t t

W m.g.(z z )
→→→→

= − −= − −= − −= − −@@Éß5 2z z h− = −− = −− = −− = −@@ @

bäí‡Û@ëZ@ @@ @@5 2h (d d ) sin( )= − × α= − × α= − × α= − × α@ @

@éäßë(((( ))))
1 2

5 2t t
W P m.g.(d d ).sin( )
→→→→

= − α= − α= − α= − α
����

 

énàîÓZ(((( ))))
2 5

3

t t
W P 265 10 10 (0,150 0,066)−−−−

→→→→
= × × × −= × × × −= × × × −= × × × −

����
@ @

(((( ))))
2 5t t
W P 0,11J
→→→→

====
����

 

4( @æc@åß@ÕÔznÛa@ání@ñŠbî�Ûa@ë@Ýöb¾a@|Đ�Ûa@µi@‘bànÛai×bØnybòÜàèß@pbN 
@É—²(S)@@éãŒìÛP

����
@@Ýöb¾a@|Đ�Ûa@�qdm@ëR

����
Z@ @

â@k�y@bäí‡ÛNÂN�@Z(((( )))) (((( ))))
2 5 2 5

2 5

Ct t t t t t

W P W R E
→ →→ →→ →→ → →→→→

+ = ∆+ = ∆+ = ∆+ = ∆
� �� �� �� �

@@@éäßë@Z@@(((( )))) (((( ))))
2 5 2 5

2 5

Ct t t tt t

W R E W P
→ →→ →→ →→ →→→→→

= ∆ −= ∆ −= ∆ −= ∆ −
� �� �� �� �

@@@@ @

pNÊ@Z@@@@@@(((( ))))
2 5t t
W R 0,13 0,02 0,11 0
→→→→

= − − == − − == − − == − − =
����

@⇐⇐⇐⇐@@i@‘bànÛa@ë@Ýöb¾a@|Đ�Ûa@µ(S)@òÜàèß@pb×bØnybi@áníN 

 
@ @

@òÔîqìÛa1 

(S)

2d
5d

h

5z

2z

Z

αααα



 

    

@ôìn�ß@ZbíŠìÛbØjÛa@ÙÜ�@åß@¶ëþa@Oòîjí‹¤@âìÜÇ@ @@ïãbrÛa@Šbjn‚üa@|îz—m–@¶ëþa@ñŠë‡Ûa@ @3OOOO4 @@@@òzÐ—ÛaòzÐ—ÛaòzÐ—ÛaòzÐ—Ûa@@@@@@@@  
@ @

ˆbn�þa@Zï’bîÈÛbi@µ�¨a@Oòîöbí�îÐÛa@âìÜÈÛa@ñ†bß@ @

@ @

1.1( pbjqg@òÓýÈÛa@Z(((( ))))2 2
B A

1
T. m.g. .sin( ) .m v v

2
= α − −= α − −= α − −= α − −ℓ ℓℓ ℓℓ ℓℓ ℓN 

@É›²(S)@@åß@éÛbÔnãa@Þý‚A@@¶gB@@éãŒìÛP
����
@@|Đ�Ûa@�qdmëR

����
@@Áî©a@‹mìm@ëT

����
N@ @

�NâNÂN�@Z(((( )))) (((( )))) (((( )))) CA B A B A B A B

W P W T W R E
→ → →→ → →→ → →→ → → →→→→

+ + = ∆+ + = ∆+ + = ∆+ + = ∆
� � �� � �� � �� � �

@ @@@@Éß@ @(((( ))))
A B
W R 0
→→→→

====
����

@üa@æþòÜàèß@pb×bØny@@ë

(((( ))))
A B
W P m.g. .sin( )
→→→→

= α= α= α= α
����

ℓℓℓℓ@ @@ë@@ @@(((( ))))
A B
W T T.
→→→→

= −= −= −= −
����

ℓℓℓℓ@@ë2 2
C B A

A B

1 1
E .m.v .m.v

2 2→→→→
∆ = −∆ = −∆ = −∆ = −@ @

éäßë@ @@ @@ @@2 2
B A

1 1
T. m.g. .sin( ) .m.v .m.v

2 2
− + α = −− + α = −− + α = −− + α = −ℓ ℓℓ ℓℓ ℓℓ ℓ@@Éß(((( ))))Av 0====@ @

ïÛbnÛbi@ëZ@ @@ @@ @@2
B

1
T. m.g. .sin( ) .m.v

2
= α −= α −= α −= α −ℓ ℓℓ ℓℓ ℓℓ ℓ 

2.1( Ûa@ÕÔzn@åß@òàîÔÛaZ@T 0, 8N====Z 

 @wnän�ãÕj�@b¿@@Z2
B

1
T m.g.sin( ) .m.v

2.
= α −= α −= α −= α −

ℓℓℓℓ
@pNÊ@Z

(((( ))))23 3
2

1
T 400 10 10 sin(30) 400 10 1,2

2 24 10
− −− −− −− −

−−−−= × × × − × × ×= × × × − × × ×= × × × − × × ×= × × × − × × ×
× ×× ×× ×× ×

@@ @@ @T 0,8N= ⇐= ⇐= ⇐= ⇐@@ 

3.1( yb�lBωωωω@òÇ‹�Ûa@íëa�Ûaò@‹ØjÜÛñ@ì¾aÔÏa@ò@‘bîÓ@òÄzÜÛBvN 

bäí‡Û@ZB Bv r.= ω= ω= ω= ω@@ðcB
B

v

r
ω =ω =ω =ω =

@ @

pNÊ@ZB 2

1,2
10 10−−−−ω =ω =ω =ω =

××××
@1

B 12rad.s−−−−ω =ω =ω =ω = 

4.1( òÓýÈÛa@pbjqgZ@
(((( ))))

2
B

2 T.r. M.
J∆∆∆∆

∆θ + ∆θ∆θ + ∆θ∆θ + ∆θ∆θ + ∆θ
====

ωωωω
N 

@åß@á�§a@ÞbÔnãa@Þý‚@ñ‹ØjÛa@É›¦A@@¶gB@¶g@Z@bèãŒëP′′′′
����
@@|Đ�Ûa@�qdm@ëR′′′′

����
@@Áî©a@‹mìm@ëT′′′′

����
@@bèß�Ç@pb×bØn¨a@òuë†�ß@ëM@Z

sîy@Z(((( ))))W R 0′′′′ ====
����

@@ë(((( ))))W P 0′′′′ ====
����

@ë@W M.= ∆θ= ∆θ= ∆θ= ∆θ@@ @@sîy@ @@@(((( ))))W T M(T).′′′′ = ∆θ= ∆θ= ∆θ= ∆θ
� �� �� �� �

@@ëM(T ) T .r′ ′′ ′′ ′′ ′====
����

@ @

)@@æìØí@òÜàèß@Áî©a@òÜn×@ŠbjnÇbiT T′′′′====@(@ @

ïÛbnÛbiëZ@ @@ @@2 2
B A

1 1
.J . .J . T.r. M.

2 2∆ ∆∆ ∆∆ ∆∆ ∆ω − ω = ∆θ + ∆θω − ω = ∆θ + ∆θω − ω = ∆θ + ∆θω − ω = ∆θ + ∆θ@@ @@ @Éß@ @@A 0ω =ω =ω =ω =@@æþAv 0====@ @

éäßë@Z@@@ @
(((( ))))

2
B

2 T.r. M.
J∆∆∆∆

∆θ + ∆θ∆θ + ∆θ∆θ + ∆θ∆θ + ∆θ
====

ωωωω
@@2

B

2 T. M.
r

J∆∆∆∆

    ++++    
    = ⇐= ⇐= ⇐= ⇐

ωωωω

ℓℓℓℓ
ℓℓℓℓ

@@ @

ÕÔznÛa@Z
(((( ))))

2
2

2

2

24 10
2 0,8 24 10 0,05.

10 10
J

12

−−−−
−−−−

−−−−

∆∆∆∆

    ××××× × −× × −× × −× × −    ××××    ====@@@3 2J 10 kg.m−−−−
∆∆∆∆ = ⇐= ⇐= ⇐= ⇐ 

@ @
@ @
@ @
@ @
@ @



 

    

@ôìn�ß@ZbíŠìÛbØjÛa@ÙÜ�@åß@¶ëþa@Oòîjí‹¤@âìÜÇ@ @@ïãbrÛa@Šbjn‚üa@|îz—m–@¶ëþa@ñŠë‡Ûa@ @4OOOO4 @@@@òzÐ—ÛaòzÐ—ÛaòzÐ—ÛaòzÐ—Ûa@@@@@@@@  
@ @

ˆbn�þa@Zï’bîÈÛbi@µ�¨a@Oòîöbí�îÐÛa@âìÜÈÛa@ñ†bß@ @

2(  
Šbn¯@ôìn�¾a@ïÔÏþa@Šb¾a@åß@C@bÈu‹ß@òÓbĐÛ@ÉšìÛa@òîÛbÔrÛaZ@PPE (C) 0====N 

1.2( mjÈ�@�@òîÛbÔrÛa@ÉšìÛa@òÓbppE (B)@@Éšì¾a@‡äÇB@òÛü‡im@@ëg@@ëR@@ëααααZ 

@@ @
bäí‡ÛZ@þa@Šì«@ŠbjnÇbic@bäí‡Û@óÜÇþa@ì®@éuìß@kî�bã@ìç@òîÈu‹¾a@òÛb¨a@lì�ãCz@ @

@�jÈm@æc@ðcppE@@ìçZ@pp CE m.g.(z z )= −= −= −= −@ @
@‡äÇB@Zpp B CE (B) m.g(z z )= −= −= −= −@@sîyB Cz z R Rcos( )− = − α− = − α− = − α− = − α@ @

éäßë@Z@@@ @(((( ))))ppE (B) m.g.R 1 cos( )= − α= − α= − α= − α 

2.2( nän�ab@òîØîãbØî¾a@òÓbĐÛa@�jÈm@xmE (B)@@òÛü‡im@@ëg@@ëR@@ëαααα@@ëBvN 

bäí‡Û@Zm pp CE (B) E (B) E (B)= += += += +@@@ðc@ @@(((( )))) 2
m B

1
E (B) m.g.R 1 cos( ) .m.v

2
= − α += − α += − α += − α +@ @

�yb@òàîÓ@lmE (B)Z@pNÊ@Z(((( )))) (((( ))))23 2 3
m

1
E (B) 400 10 10 25 10 1 cos(30) 400 10 1,2

2
− − −− − −− − −− − −= × × × × × − + × × ×= × × × × × − + × × ×= × × × × × − + × × ×= × × × × × − + × × ×@@@@@

mE (B) 0,422J= ⇐= ⇐= ⇐= ⇐ 

3.2( µjäÛ@@æc1
Cv 1,45m.s−−−−====N 

òîØîãbîØî¾a@òÓbĐÛa@ÅÐzäm@pb×bØnyüa@lbîË@À@ZmE 0∆ =∆ =∆ =∆ =@@ðcm mE (C) E (B) 0− =− =− =− =@@éäßëm mE (C) E (B)====@ @

@Éßm PP CE (C) E (C) E (C)= += += += +@@@ÉßppE (C) 0====@@ðc2
C C

1
E (C) .m.v

2
====@éäß@ë@Z2

m C

1
E (C) .m.v

2
====@ @

ïÛbnÛbië@Zm2E (B)
v

m
====@pNÊ@Z1

Cv 1,45m.s−−−−====@ @

3( N 
1.3( �ybl@QZ 

@@åß@ÞbÔnãüa@Þý‚C@@¶gDL@@bäí‡Ûm m mE E (D) E (C)∆ = −∆ = −∆ = −∆ = −@@sîymE (C) 0====@@æþCE (C) 0====@@ëppE (C) 0====@ @
éäßë@ZmE 0,422J∆ = −∆ = −∆ = −∆ = −@ïÛbnÛbi@ë@ZmQ E 0,422J= −∆ == −∆ == −∆ == −∆ = 
2.3( nän�abx@Ûañ‡“@fZ 

(((( ))))mE W f f .CD∆ = − =∆ = − =∆ = − =∆ = − =
����

@@ðcmE
f

CD
−∆−∆−∆−∆

====@éäßë@Zf 1,7N≃≃≃≃ 

 

B
C

αααα

O

R

Bz

Cz

R.cos( )αααα

B Cz z−−−−


