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owa fqere JAReae: x® —4x® +5x—2=10
NI T @A TASTAR @A, a+ b+ c = — =% =4

UG P (1A @R T, ab + be +ca = 2 =5

TAQCER QITFT, abe = —=2 = 2 -, fagefbd Sarerma 3= (3, 4)
ALY (@A AT xsec0 +ycosecO —p=0
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= xsin0 +ycosO —psinBcosO =0

TART (0,0) TO 9B @I 5T VG (d; = 4): Llpsinbeso _y

= |-pBE| =4 = psin20 = § ....... (i) (p 4TS €09)
TOI (AT TN x cos 0 — ysin® — pcos20 = 0

AR (0,0) 26O O3 (AR FTF GG (dy = 3): % —3

= | —pcos20| =3 = pcos20 = 3 ....... (ii)
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44, fageibe Saa@a 3% (x,y)

OIS FAlPATCH <A Az x = brost sl 2

= 3x—2=pcost + qsint ceeee (i)

492 y = eint=geost]

=3y +1=psint — qCcost wue.. (ii)

(i) 8 (ii) R TR0 I TR Qo (3x —2)> 4+ (3y + 1)? = (pcost + qsint)? + (psint —
qcost)?

= (3x — 2)? 4+ (3y + 1)® = p®cos® t + 2pgsintcost + q?sin®t + p®sin® t — 2pqsintcost +
q%cos?t

= (3x — 2)% + (3y + 1)? = p*(cos®t + sin’t) + q*(sin? t + cos® t)

S (3x— 2+ (3y + 1)? = p(1) + (1)

= (3x -2+ By +1)?2=p*+¢*

-, AP (Y0l FWIGATAT AP (3x — 2)% + (3y + 1)2 = p? + @2
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@ARY P (x,y) “3 (T T/ OR_(FS, Yok y = 7 — x
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TG YA 20O THD x-TCHA (AP MCFF AN 45° (ol {1 ICH, 018 3 717 (@B
YA 92 S0 (5% 8 0F gl IRI17E) [Rge 70® A1t |
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ST CFG (TT 0 = 45°): ATENIART AN x cos45° + ysind5° = 34/2
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A, RM = 7 992 OM = 9

(o) e i R(7,9)

-l x
o] @ P(,0)

Q2F, TN fGgs APOS @92 ASMR A (APOS = ASMR) |
FETN fagrerd Sese T AT 26A: 0S =RM = b =7
Q3L SM =PO =a

5@ 2C® WINA MU 1%, OM = OS + SM

=9=b+a

=9=74+a=a=2

-.P @ ga1= (2,0) @32 S Rga 91901= (0, 7) |




S0,

A(0,2)
Cﬁﬁmw,a“fBD :Xx+y=8=mpp = —1
THOTE ST # R TF | - AC L BD = m,¢ = 1
A(0,2) TSt AC T ATTAA: x — y = —2
(WG 4 (F®) O(3, 5)
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M(_1’5) ﬁﬁﬁ @W mﬁ: mz = QE(—51) = (3:1?-)175 = _ao-tl-_12
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o = 4.176 -, m; = =418 ~ 0.838
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=y +3=0.838x — 1.676
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3T (FCE (my = —2.088): y — (—3) = —2.088(x — 2)
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o, ¥, AReTCafba TwRd = ¥ — 1
@G (3,4) gol T geTm: 8 + 4 = 1....... (i)
TR TS U@ Qe Arsi g ufb 26 A(a, 0) 992 B(0,b) |
g4, dfes oo Wiy M (x, y)
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a'@ b T A (i) T @ A 24 L =1

Jy+4x 1
2xy

=

= 4x + 3y = 2xy

ﬂw AT ANNFA: 4x +3y —2xy =0

RIS AN BT fqgrerd (T, A = Lab

ANV (AOAR, £ =1 - =285 p= ta

LA=ga(ly) =2

a @ T TSP A AT, 98 — o [l | _ o (2t ) _ 2
G PO QET MSPIC, 42 = ¢

=a’—6a=0

@2 fags f0® 27, a £ 0 2 1 oA 2 = 6

G TGS TOIR Tz 44 = 2 (25 — o [l i)
a= 6T, 48| =2 ML i

(ARG T ASAG LeIIF, OIR a = 6 O T (FGPeT PO 2 |
a=6TC,b=10 =2 _g

-, "PTON (FGFe] —

% 6 % 8 = 24 F% T |

o= |

%0. 4f¥, fagEfba SF® G(a, B)
OLCR@S EAPACE, o = 25 = x = 30— 6
GRB =2 =y =38 -9
ST AR, AABC 99 (e = 13
= 15(7T—y)+1(y—2)+x(2—7)] =13
= 35 — 5y +y — 2 — 5x| = 26
= | — 5x — 4y + 33| = 26
= bx + 4y — 33 = +26
QA x 8 y G W ATCFIT T “A12: 5(30 — 6) + 4(3p — 9) — 33 = +26
= 150.— 30 + 12B — 36 — 33 = +26
= 150+ 12p — 99 = +26
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Q.

V - (r"7) Flux Diagram
S %‘Tﬁ (OFR IAFACT TIZOIACE @l 7@ (Divergence product rule):
V- ($A) = G(V-A) + A- (V)

QR ¢ = 1" TR A _rzr%
v. (r® r)—rn(V r)4r- (Vr) — (i)

EIEEIRCIICR
S.Vor=8 4821 4141=3
3. Vr* = nr* 27 (AT AR 7q (AF)

93 LT AINFA (1)-« IO A2

%~(rn;):rn(3)+f'-( n-2r) = 3r® 4 nr* 2(r - 1)

Q;-;:rQZ
V- (r"r) = 3r* + nr* %(r?) = 3" + nr® = (n + 3)r* (4 o)

ARPTR:

O (FQq (n = 3):
V. (r?’;) = (3 +3)r® = 613

%z.f &30 (nf -3):
Vo (3) =V (@ 3) = (—3+3)r? =

T

TEd: SV CF0Q 613 G2 T CFE 0
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S

ST

>, ANGAT QS *S[PA (Scalar Triple Product = 0):
(@G ¢, 2 G b G2 TS GRS, ©IR O [HfREa T4 %7 20© 203

X 'y =z
2 3 —-1|=0
0 1 1

= x(3(1) = (=1)(1)) —y(2(1) = (=1)(0)) +2(2(1) - 3(0)) = 0
=x(3+1)—y(2)+2z(2)=0
=4x -2y +2z2=0=2x—-y+z=0 —(i)

3. 31 SR =S[FACE (Dot Product = 0):
¢ (SFAM a @7 TF 77, ©I2:

8-5—0:>(x1+yj—|—zk) (21+3J 12)20

=2x+3y—z=0 — (i)

4:>(x1+y3+zk) (+k)—24
z=24=z=24—y — (iii)

:Q—:N’WW(C b—24)
.b=2
y+tz

Lot

FAIFA (i) G2 (i) QN9 I AR
2x—y+2z)+(2x+3y—2)=0=4x+2y=0=>y=-2x — (iv)

Q2 TN (iv) 8 (iii) 9F TF AN (1)-« IO A2
2x — (—2x)+(24+2x) =0
=6x+24=0=6x=-24=x=—4

A x GF N IJIE I y 8 7 G W A2
y=-2(—4)=38
z=24—8=16

Treyd, e (e3a:

¢ = —4i+8j + 16k

(SBCEF 9 (Magnitude):
6 = /(—4)2 + 82 1 162 = v/16 1 64 + 256 = 1/336 = 4121

TG ¢ = —4i + 8j + 16k I W 4/21



9.

@S ATB ALY FE (B

rxb—cxb:>(r—c)><b:6

(TG G5 W (SFEE T @oeT W7 GTICR, (TG (S5 (7 — ¢) WL b AL @I 1
AR | AT, Wﬁrﬂt—‘?ﬁfi

—

r—c= b:r—c—i—mb — (i) [T m @B Fe= ]

cra= (+2J+3k) (—i- k) = (1)(~1) + (2)(0) + (3)(~1) = -1 -3 = —4
bea=(—i+j)- (—i—k) = (~1)(=1) + (1)(0) + (0)(~1) = 1

FAAFA (i)~ TFLT IFC A12:

m:—%:4

ORI, AR (i) (F A1R:

r=c+4b

< ST IS T 1 - bﬁcﬁaﬁ%
r- b (¢ +4b) b—c b+4|b|2 — (iii)

dl?fl'ﬂ: A )
Cb= (42§ +3K) (—i+]) = ()(-1) + (2)(1) + B)(0) = -1+2=1
b|2 = (—1)2 + (1)2 + 02 = 2

FAFA (jii)-@ TSN AT 213
Fb=1+4(2)=9

TEd: 9



Q8.

=
Il
oy
X
S

4T3, 22N G @A v, — 2 x bl
(B9 QR QITCTI A % x (7 x 2) = (X - 2)y — (X - y)z I L A2:
vo=ax (axb)=(a-bla—(a-a)b

@ARZa-b=09Ra-a= a2
——|5|2b

AP AT G Gl e fefa <fa:
V3=aXVy=aXx (—|a|2b) —|a| (axb) ) )
\_/"4 =axvy=ax (—[a(ax b)) = —[al*fa x (a x b)] = —[af2(—|a[?b) = [a[*b

vs =ax 774 =ax (|a]*b) = |a| (a x b)

Vo= ax V5 =ax ([ali(a x b)) = |al[a x (@ x b)] = [a]*(~]a[*b) = —[[°b

2 I [a| = 2 T AR:
|a\6b = —(2)6b — —64b

w4 —64b
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- (FfeT)

5. AFSTET® (BT (A ) el

ree noelfB x-S TR SRge 2GR WA AFeeRD y-S0Hd (ASS WS 9194 el
T ot famiiat A0 | o9, O afeeTs (S3d: n = |

Aous = Ay — 2(Ajy - n)n

mnmw GO :
A .n= (—2 5J) j=-5
S 3T efewfere 3t coga AR:
Aout (— % — 53) —2(— 5)J = 2 5J + 1OJ —2i + 5j
2. (FFARRA VST (el (0) foref:
4fq, aeifos ¢ afewfere (e TSt (i o |
_ AgAg
cos 0 = roan
dRH'C‘{

Mgy Aoy = (~21— 51) - (<214 5]) = (-2)(~2) + (-5)(5) =4~ 25 = 21
Aul = VT + (57 = V9
[Agut| = v/ (—2)2 + 52 = /29

edq:
cosO = \/—\}—: %
= 0 =cos™ ( 2—9) ~136.4°

Teq: Tivifow @ afeowfime a¥K e (@19 ~ 136.4°
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u
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v=2m/s w:\/v2—u2:100m
v
—> (ITo9 @ u

BIEGASIERN
44, (TP @ v = 2 m/s, @TEFT @ = u, GRTAK AF d = 100 m |

S (LG (TS 5 AT A1 7S A7 )
@S oIS 21T (TR &) FRFA @ w = V2 — a2 |

= gomm ()

3T CFCE (TSI TAICS AITH A AR Z0S AT t,):
@S I AFCE AIAE CISH F& e FICHC FH AN &9 |

tp =9 —(ii)

Z,

*TO[PANS:

ot

=2V —ul=v

T P I R AR

4(v2—u?) = v = 4v? — 4u? = v? = 3v? = 4
= u= Ly

2

RS AR (TFE @ v = 2 m/s | N0 IR A12:

u="% x2=+3m/s~1.732m/s

WA AT A AR (byin)

SR G, I TAICS FE TN {1 G *1S Feel (Ao 617 WO 71 (A (o0 =

90°) !
d 100 m

tmm:;—m:5ﬂs

TER: @TSF @ /3 m/s G2 Tl ARIAER T 737 50



Q4.

b

det(D) =0

i
TR 77 TS 1, j, k OF NZ9 AN I N1
(1-Mx+3y—4z2=0
x—(3+MNy+5z2=0

3x+y—Az=0

GG (AT AT (G S (non-trivial) FNLT AFIF TSP el %[ 2ca:

1—2 3 —4
D=| 1 —3+X 5|=o0
3 1 A
foge e +f18:

(1—M)AB+A) —5] —3[-A—15] —4[1+3(3+1)] =0
= (1 -A)(A +3h—5)+3(M+15) —4(3L+ 10) =0
= -M-22-rA=0=-AMA+1)2=0

TOGT, L = 0T L = —11

©G: L =0, -1

Vertical

U, = 102

> East

G = 55 Y-
™rm — A s
7, = 10i — 5]

IR @ v,y = 10i km/h A3 ACAFSF @ v, = 5] km/h |

Il S

‘_"rm:;r—‘_’:mj‘_”r:;rm+;m:10i—5j km/h
BEEREIS(QERICE

Vo] = /102 + (=5)2 = /125 = 5¢/5 km/h ~ 11.18 km/h
W (SeTCRa A (&9 0):

tan® = = = ¥ — 2 = 0 = tan"(2) ~ 63.43°

Ted: 327 & (@91 11.18 km /h 932 Afb TACHR AL 63.43° (I G AR e
SN ATCR |



Y

Wy

P

.
(O34 5 (& 9 8 TG 42 (! ATHA N F FC A2

—

s=4p+3q+5r — (i)

R
S=x(—p+q+1) +y(P~d+71) +2(-p—q+7)
=s=(—x+y—-2z)p+(x—-y—z)ga+ (x+y+z)r - (i

P, q, T SPTIOR] QG FRATYR FNF© T A1R:
—x+y—-z=4 —(1)

x—y—z=3 —(2)

x+y+z=5 —(3)

TANFAA (2) 8 (3) @9 A3
2x=8=x=4

FANFA (1) 8 (3) @9 A3
2y =9=y =45

x 8 y O3 T (3)-9 IO A2
44454+z=5=2=-3.5
QIGEIRERGE

2x+y+2z=24)+45+(-35)=8+45-35=9

T&d: 9



vo.

Vertical

Wind

> East

¥ YRain 3,
Resultant Rain

o TAFTE +x G2 AT BAET M +y % 471 389 @t v, = — 55, AR @4t v, = —2i |
B4 GG dF© @, Vypy = —2i — 5j |

@) B3 =92 17 owe@: Nf%a Aot 3BT @ v, = —2i — 5j | (G x-SAA YelrerF
(IFETIRN, B AR T (A ST | T AN FI6 (OeTd | (el
tan@ = ‘V"|‘ =2=04=0=tan '(04) ~ 21.8 (CRISERIA))

[vy

() M5 3 m/s 0ot =47 e iRt 2eat: oifem @t v, = 3i 1 @A Qs

V! | = Vrain _;c = (—2i - 5J) —3i=—bi—5j

rel

QTS x-S YeTSIF QST A FI63 [OO(H, O g (1 2(A:
tan®' = 5 =1 = 0' = 45° (TFCHS L)

Te: (F) AT I 21.8° (PIeel foetd | () 211G 2F e vetest I 45° (=Fieel AR I
fefem mea



Bank 2

,,,,,,,,,, - dy = 2.645 km

Part 1 (t; =1 h)

Bank 1
MG AR, d =5km, u =3 km/h,v=4km/h|
ST LA (TSN 21T ARATT (521): GGG AIF €A (F1A 02

cosO = —3 = —% = oy ~ 138.59°

A% I (@I GoAle:
vy = vsinoy = 4sin(138.59°) ~ 2.645 km/h

t, = 1 h WA & IS AOFS Ve:

d; = Vy1 X t1 = 2.645 km

A o1

dy=d—d, =5— 2.645 = 2.355 km

ST A (AU 212 FHH TG AN : T AT T AR Ty AT e «A1fe fres
T (ap = 90°) | ATHCEG HB AT ([ vy = v =4 km/h |

Y
ty = 2 = 235 ~ 0,588 h

FLCIB I:
b = b1+t = 1+ 0.588 = 1.588 h (I 1 91 35 NG 18 CFD)

Ted: 1.588 h I 1 9% 35 96 18 Fiee



R,

Vertical (+y)

U

East (+x)

Urm

ﬂjmﬂwm\wﬁwwﬂwaﬁmﬁﬁaw—ﬁw — Vit vy |
S (FFC@; (TIPS (391 #1F6W T 2T, v, = —4i kn/h | P ACACT e ACATFS (1:
Vim = Vy — Vi = (Vy — (-4 ))1+vyJ_(v +4)i+ vy

MO, I8 ATl T TS 10 | o1, WS (I T S A [y =(A:

vx+4=0=vy=—-4km/h

T (G (371 Faee! 91 =0): T G @, v, _—81km/hl TG SACATHS (@9

vio=v,— v, (vx+8)1+vy3 (— 4+8) +vy_] = 4i + vyj

rm

ST, JfB TeTewa AR 30° casmviw

__ |Horizontal Component|
tan 30° |Vert1ca1 Component| |vy\

@Rg 3 Fee e +itg, ©iR v, = —44/3km/h |

37 & @l T:

|vr|—,/v2—|—v2—\/ (—4V/3)2 = /16 + 48 = V64 = 8 km/h
s fayefa:

tan0 = 24 = - — do = 0 = 30" (TeTCHR 7N 1Y)

Ted: 387 & @1 8 km/h, T THAH A 30° @Ieet A5 e @ferw sz |



0O, FICCEE ACSW (|A x B|? + (A - B)2 = |A]?|B[2) TI2T I 113
AP =12+ (-1)>+22=6

R
Y
N
|
]

Projection

AxBP=22+(-1)2=5
5+ 32 = 6|B|? = 14 = 6|B|> = [B[? = I

A — B 39 B &3 ¥ SfOTF:
B-(A-B) _ A-B—|BJ?
|A-B] V|A-B|?

Projection =

2?9 (denominator) | 37“21?1?&1'
A—BP?=|A]2+[B]2—2(A-B)=6+1—6=1

:]A—B\:\/;

< (numerator) T fa:

2 2
A-B-[BPp=3-1=1

YT, TF STOCH:

2
. . - )
PI'OJeCthIl = 7§ = _\/ﬁ

. L ~
TEd: e (1 ~ 0.436)



(937 SIffST ©#1FIM (Geometric representation of vector 7)

*SPNMEr-b=0:0=c-b+m(a-b) - (i)

PTG ©B @orwe el I 3 b = (1)(1) + (2)(=1) + (—1)(0) = —13¢-b = (1)(1) +
(=1(-1) + (=1)(0) = 2

FAAFE (i) NF IR ARz 0=2+ m(—1) = m =2
O, 1 =c + 2a
Q4 1 - 2 el e

r-a=(c+2a)-a=c-a+2al]

dlfnm: c-a=(1)(1)+ (-1)(2) + (=1)(-1) =0



O¢.

oY,

- ocus (0,0
Vertex (4‘1.11)\

Flfba sifSeited g8 |t (Parabolic trajectory of the particle)

ST T, TRZIT (TFF 1(t) = (62 — 1)i + 2tj | FICSA FIAE QA A3
x=t2-1 —(i
y=2t=t=1% — (ii)

TR (i) (AT ¢ 9F T AP (i)~ IR A2
X:(%)2—1:>X:y4—2—1
=y’ =4(x+1)

A y? = 42X PR GH0 W AT AP, @A X = x + 1 @R a = 1| (AT
LRI TS 92 SAFICH AT T A7, ETeRg 904 oifosix @afB »mige | (awifas)

Totd@ (Focus) ef:
v AAeS SHHE BAF (X, y) = (a,0) |

x+l=a=x+1=1=x=0
y=0

O, I THFH A Y€ (0,0) |

fTINEa (Directrix) TNFae e
feIIse 799 X = —as

x+1=-1=x+2=0

TG4 TARH (0,0) IR RIS AP0 x +2 = 0
ARG (O3 INCERC 3T, ©I8: ]&| = A = constant

I S, O (SFC 0T AN TF welzweT SI WeeTer 0o Tz A - A = A2 = A2 =

constant

T HE AR NCATE TSI I 4 (A - A) = L(A2)

TB @O T@AFACI el G AT LA AAZ: A A+ A4 =g

-

@R b werere RIa sl (e 5T (44 . A = A - 4);
2(A-%):0:>A-%:0

@R G T (SFCIR TH @elzheT X[, (TR (T IR T2 774 |
oW, 44 (oFA% T A @7 TR 1R | (LIfTe)

5 dt



0A4.

(@){@ﬁ W@‘*{ﬁ“ﬁf:
AT 8 e QT3 TfSCY ATSH e | 2AfTF AT ISIEE AeoAFE Sl @
Vrel,x = Vwind — Vecar = 2—-12=-10 m/S

4f¥, 3B F© el fHove Miea @ = v, |
NG ACATTF J(Ba WoAFS (391 SAPPfFa AR 35° (FI TLAT B¢ (AR @fb 35° (A A1l
SR PICH TSI S o{fo® 23):

o __ Horizontal relative velocity __ 10
tan35" = Vertical velocity

V:

=V, = ta&gSD ~ 14.28 m/s

roud, Ba dFS (@ Aot f0oa e 14.28 m/s 1

(%) Preeea <1es 3B wrere F9cd 1 1 ofF fKoeae:

TR AT B Aol ifoviel Sqefesa M 35° (ol tofs 3 1 @i, Tefegs M @3
SALITEIGIE

0=90"—35" =55

ToIRCeTa FIB0 SICRA T 60° CFICA CZECHT TR, A TG AN (F14 90° — 60° = 30° |
foreteTa 1eo 3f2 e 1 @IS S Ty WS 9 (e TeeRe M 30° @F ([ =S
EIGH

QTR ST I ToTx (Il 55° > 30°, GG (24 (61 FHAF =0 FICo ©<re F3
CIN

TES: (F) 14.28 m/s; (¥) IR0 S5 ST @< 4¢3 11 1



b,

@ v

ETEfHEw (P)
44, TR & = d, G @ = v = 2 m/s 932 TS @ = u |
5. TPTON 1 GG & AT Tt AIACTR CFe@:
CITeT A& At #{1F 20 A @R T @ITod AR 90° 20O 2T | G2 (T & @ w =

V2—112|

TOG, TPTON AT Al A RS ATAGA T:
t= % - \/vzd_iuz — (i)

3. (T 1 AP GTEfer 2RI e
@S 7 AT @IFIG AIAR v (F0o G AT A | AT TN

t'=94  — (i)

TSI, (ATOTS PO AL T SRR AN g (¢ = 2t/ M ¢ = 1o):
d d

v = 2/v2—u2

TOY *1F (A d IV e @32 35 7 A3

i _ 1
v2 4(v2—u?)

= 4v2 — 4u? = v2

:>3V2:4u2:>u:32gv

ST TR, (TP @ v = 2 m/s | TG IR 2113:

u=¥x2=+3m/s~1.732m/s

TSH: /3 m/s (1 1.732 m/s)



S, . SICFAF (@9t e

v = % = i(1cosoot +Js1n(nt) — sin wti + o cos ot]
2. oI g e
a= ‘;‘t’ = 4 (~wsin oti + o cos 0tj) = —0? cos 0ti — 0? sin wtj = —2r
©. T QT (rxv) el
L i ] k
rXv=| coswt sinwt 0
—wsinwt wcoswt 0

= ;(0) — 3(0) + l;[cos wt(w cos wt) — sin 0t(—w sinwt)]

= k(w cos? wt + w sin® wt) = (ok(cos ot + sin® ot) = ok

TG 0 G2 GFF (59 k TO73 TR $IF, OB 1 x v — ok G $HIF (95 1 (AT
20E)

rXU=wk




8o.

8.

8.

89.

ﬂﬁ, Ted C%ﬁA y—coc d[il
A= (51+8k)—c(1+3—2k) d(—i+2j+ 3k)
A=(5 —C+d)1—( +2d)j + (8 4+ 2c — 3d)k

TP A (SFAM q @ T oT1x:
AG=0=1(5—c+d)+1(—c—2d)—2(8+2c—3d) =0
=5—c+d—c—2d—16—-4c+6d=0

= Gc+bd=11 - (i)

1T, (TRG A (36 f 47 T4 o7:
AP=0=—1(5-c+d)+2(—c—2d)+3(8+2c—3d) =0
= -54+c—d—2c—4d+24+6c—9d=0

= bc—14d = —19 — (ii)

ST (i) (AP #A1E, d = Sttt | @f TR (ii)-9 AT #11E:
Bc— 14 (&11) = 19

= 25c — 84c — 154 = —95

= —59%c=59=c=-1

¢ AT I ANFace AT 13

d= 6(*15)4»11 -1

Ced:c= —19q2d =

(1

G, — 4B — 0,24 molL, s~
e, r = 1450 — 024 — 0 06 molL s

47 a
0,-99 disappearance rate = 5r = 5 x 0.06 = 0.30 molL~'s~!

NO-99 formation rate = 4r = 4 x 0.06 = 0.24 molL. ‘s !
TOAd, H,0-49 formation rate = 6r = 6 x 0.06 = 0.36 molL 's~!

QT k; = 4.0 x 103571 (310K), ko = 2.0 x 1072571 (340 K)
2 =50 = In5 = 1.6094

O, o5 — 5 =2.8463 x 107K

° _ 8.314x1.6094 _ -1
T, E, = 557107 = 47011 Jmol

TOAT, E, ~ 47.0kJmol *
QI logk I L O = — L = —2500K

2. 303R
&I, E, = 2500 x 2.303 x R = 2500 x 2.303 x 8.314
E, = 47868 Jmol !
TOdT, E, ~ 47.9kJmol



88.

8¢.

8V.

84.

8.

85.

¢o.

@o.

Q4ITH, p =2 @df® 10°C

Ty, = 3.0 x 10 4 molL's!

27°C — 57°C = 46 10°C 417l

(NG @4l — 23 — 8

TOET, 157 = 3.0 x 107 x 8 = 2.4 x 10~ ° molL s~

QM E,; = 100kJmol !, E,, = 70kJmol !, T = 298K

% = exp [BE2 | = exp [ 511005

= exp(12.11) ~ 1.81 x 10°
TOT, 2 ~ 1.81 x 10°

Q3T [COJ = 0.20, [Cly] = 0.10, [COCLy] = 0.40 M
K, — [COCL] 040 __ 040

[CO][CIQ} 0.20x0.10 ~— 0.02
T3, K, = 20

QR 2ARF HI = 1.00mol, V. = 1.0L; ATRI HI = 0.40 mol
HI A& SCA08 = 1.00 — 0.40 = 0.60 mol

BAeeRfS (2:1: 1) WA, Hy = I, = 28 — 0.30 mol

TONEl (V = 1.0L): [HI] = 0.40 M, [Hy] = [Io] = 0.30 M

oA, K, = [Hz 122} _ 0.?(?200).30 _ %

qo9d, K, = 0.5625

QRI, 2AAfF N,0, = 0.50mol, V. = 2.0L, 40% [ifere
REAE® N,04 = 0.40 x 0.50 = 0.20 mol; NO, BRF = 2 x 0.20 = 0.40 mol
AR, N,0, = 0.50 — 0.20 = 0.30 mol, NO, = 0.40 mol
qONEl (+2.0L): [N204] = 0.15M, [NO,] = 0.20 M

Todle, K, = _ [NO,® _ (0200 _ 0.04

[N,OJ — ~015 _ 015

TOGT, K, ~ 0.267

@A, P (H,) = 0.20, P (Cly) = 0.30, P (HCI) = 1.20 atm

_ _P@EC)® (1200 _ 144 _
Kp = P(H2)P (Cl:) ~ 0.20x0.30 _ 0.06 =24.0

An =2 —2 =0, %8 K, = K, (Sra {&ew)
o9, K, = 24.0; K, = 24.0 (350 K-(O'S GF3)

@M, K. = 2.5, An = 2, T = 600K
RT = 0.0821 x 600 = 49.26
K, = K.(RT)? = 2.5 x (49.26)% = 2.5 x 2426.5 = 6066.3

&fa- _ 1 _ 1 _ . -1 __1
ﬁﬂ@ GRS .Ké—K——ﬁ—O-409K;I>_K_p_6066.3

TOYT, K, ~ 6066; f541® i K/ = 0.40, K/ ~ 1.65 x 10~

@RI, K, = 0.50,P (SO3) = 2atm, P (SO2) = 1 atm

K. — P (502)*P(03)
P = " P30,
0.50 = W — 0.50 =

TO93, P (0,) = 2.0atm

P(0)
4



@8.

ce.

eA.

(¢

QT K, = 0.60 atm

K, = P (CO,) (¥ sMiLaM) — P (CO,) = 0.60atm
cacog-mﬁ?g@ﬁ@wqw @t g o T ATF) K, @ P (CO,)-4F (FICT
AfFes 2 N, TR IR AT expression-< <73

TS, P (CO,) = 0.60 atm; F1O9 A7 equilibrium pressure 7RSS v

QTCH, n(H,) = 0.50,n(CO,) = 0.40,n(H,0) = 0.30,n(CO) = 0.20mol; V = 2.0L
Tl (+2.0L): [Hy] = 0.25, [CO,] = 0.20, [H,0] = 0.15, [CO] = 0.10 M

Todle, K, = _ [H20][CO] _ 0.15x0.10 __ 0.015
’ [[][CO2] — 0.25x0.20 _ 0.05

O3, K, = 0.30

@I, An(forward) = 2 — 3 = —1, AH < 0 (exothermic)

BIof JCICET I F (ALY (SOs, forward) WE 3 AR — S0; I@

SO5 (% FC I reverse M HR A (S product FHCS) — FARFOIE SO, FRo!
T o 1 T A aifsfore 27

SI?[NI@ FACE exothermic RIGT AT forward e 7 @ — S0, TS {F@ AT
ey, AT fonit 2fiqeds (SO; @I =Tl forward MGE A AR S0,-97 AW
e

QM K, = 5.0 x 1073, K, = 0.20,T = 300K

K n .
2 = (RT)"" = 220 = 40

€€, RT = 0.0821 x 300 = 24.63
oI, An = 280 — 3089 115

In 24.63 3.204

TOYT, An ~ 1 (NI o723

GeTe, K, = 1.44atm? T = 400K

An = 2 (I A7)

RT = 0.0821 x 400 = 32.84; (RT)? = 1078.5
o KP J— -

TR, K = ®RT)? — 1(1)74;5

9T, K, ~ 1.34 x 103

QM ky = 1.0 x 1073 (300K), ko = 8.0 x 1072 (350 K)

g =80 — 1n8 = 2.0794

RIS, o — o = 4.7619 x 101K

AN, E, = 332010 _ 36306 Jmol '~ 36.3 kJmol

O, kazs = kaoo X exp [ B (555 — 335)] = 1.0 x 107% x exp(1.120) = 1.0 x 107 x 3.065 ~
3.06 x 103s7!

G2 (irreversible) R @y ST 7510 W =7 G2 reactant & 75
product-& TGS TF — N G W2z CHy + 205 — COy + 2H,0 1

To32 (reversible) @ forward 8 reverse 3% (S TG G2 ATRBR (=T — @
N»(g) + 3Hz(g) = 2NHs(g) !

TS, (FIA! product-(F TS F2AFN FACH (N 2P RO (79 20 WS, FLSTH
919+, T CAET 9I1tq A FRIEN) Le Chatelier s =18t 71 I9419 forward firges o122 T,
T reversible [ S 5754 (practically irreversible) 2 I



€s.

Yo,

Homogeneous equilibrium-9 3%« RiGs 8 Teoim G2 WIT (phase) ATF — TWiF:
N,(g) + 3H,(g) = 2NH;(g), FISTAR 2J1, ©18 79 *ML K, /K, expression-9 TSYE 27 |
Heterogeneous equilibrium-4 575 w19 v TofFe AE — TARAD: CaCOs(s) =
CaO(s) + COy(g) !

Te«3, it T ¢ «ifs ©2e sweda TT@l (activity) FIF (= 1) €91 2T, ©IF QETEl
expression-« (771 T 1 — TATHA SWIRAC €Y K, = P (CO,) 711 &, CaCO; A CaO A |

AR rateforward = rat€reverses SEIN k¢[reactants|™ = k;[products|” |

@ k; '@ k, AKFere for Witaa 27 (&fsf &g ey Afezd =& @ pre-exponential
factor 2ICF), ©I2 [reactants] 8 [products]-dF N« FH TCS B AN (I AGALTO! (72 |
o], K, = % — [products] grofig 4R T — K, I8 201 product @, (2B 20 reactant

[reactants]

@M 2, 158 X (F@2 forward S reverse-493 T FAN A |




