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QUESTION ONE

()  Draw the structures of the following ligands. Indicate the potentiél donor atoms
and the denticity of each ligand
(1)) bpy (i) [EDTA]" (iii) dien [6]
(b)  Results of a pH study using a glass electrode (in 2M NH4;NO; aqueous solution)
give values of the stepwise stability constants (at 303 K) of [Ni(H,0)s - «(NH3)]**
(x=1-6) as:
log K1 = 2.79; log K> = 2.26; log K3 = 1.69; log K4 = 1.25; log Ks = 0.74;
log Ks = 0.03.

Calculate

() B for [NiNHs)s]**

(i) AG" (303K). [8]

(iii)  Ifthe value of AH°; (303 K) =-16.8 kJmol ™, calculate AS°; (303 K).

(c) Discuss the observation that [CoCL]* ion is a regular tetrahedron but [CuCL]*
has a flattened tetrahedral structure. [6]

(d) How many planes of symmetry do the following molecules possess?

(i) F.C=0 (i) CIFC=0 [3]

(¢)  Calculate the number of microstates for a & arrangement. [2]

QUESTION TWO

(@)  Octahedral [RhCl3(H20);] has two isomers. Draw their structures and give them
distinguishing names. [4]

() Explain why an electronic transition for high-spin [Mn(H,O)s]** is spin-
forbidden, but for [Co(H20)s)*" is spin-allowed. [6]

(c) Suggest products A and B in the following ligand substitution reaction:

PEt; PEt;
[PtCL)* »> A—> B [3]

(d)  Deduce which symmetry elements are lost on going from
() BF; to BCIF;

@ii)  BCIF; to BBICIF
(iii) Which symmetry element (apart from E) is common to all three molecules
above? [6]
(¢) Determine the number of degrees of vibrational freedom for each of the

following:
(i) SO. (i) HCN (iii) BFs3 [6]



QUESTION THREE

(a8)  For each of the following complexes, give the oxidation state of the metal and its
d” configuration:
() Mn(CN)]* (i) [CoCly(py)s] (i) [Ni(en)s]™* [6]
(b)  The electronic spectrum of an aqueous solution of [Ni(en)s]** exhibits broad
absorptions with Ap,x ~ 325, 550 and 900 nm.
@) Suggest assignments for the electronic transitions.
(ii) Which bands are in the visible region? [4]
(c)  What reason can you suggest for the sequence Co>Rh>Ir in the rates of anation of
[M(H;0)s]’* ions? [3]
(d)  Which of the following species contain inversion centres?
(i) BF; (i) PFs (iii) CoF4 (iv) H,C=C=CH: [4]
(¢)  Calculate the spin only magnetic moment for a d’ ion in
@) octahedral (both high- and low-spin arrangements)
(ii) tetrahedral
(iii)  square planar ligand fields. [8]
QUESTION FOUR
(a) Inthe solid state, Fe(CQ)s possesses a trigonal bipyramidal structure.
() - How many carbon environments are there?
(i) Explain why only one signal is observed in the *C NMR spectrum of
solutions of Fe(CO)s, even at low temperature. [6]
(b)  What symmetry elements do BCl; and PCl,
) have in common
(i) not have in common [6]
() @) Show the steps of the electron-transfer mechanism that account for the
following reaction. Note that one of the reactant metal ions is labelled
making its identification among the products possible. [6]
[*Cr(H:0)s-SCNI™* + Cr*'(aq) — [Cr(H0)s-NCST"* + *Cr*(aq)
@)  Outline the steps of the outer-sphere pathway for the reduction of
azidopentaamminecobalt(IIT) ion, [Co(NHs)s(N3)]** with V**(aq). [4]
(d)  Using an appropriate example, explain what is meant by the chelate effect. [3]



QUESTION FIVE

@ (@) What chemical tests would you use to distinguish between
[Co(NH:)sBr][SO4] and [Co(NH3)s(SO4)]Br? '
(i)  What is the relationship between this pair of compounds? [6]
(b)  For which member of the following pairs of complexes would A, be the larger and
why:
()  [Cr(H0)]" and [Cr(H,0)e]**
(ii) [CrFs]’; and [Cr(NH;)¢]**
(iii) [MnFel" and [ReFe]" [6]
()  Assign a point group to each member in the series
(1) CCL (i) CCF (i) CCLF: (iv) CCIF; (v) CF, [9]
(d)  The following data was obtained for the reaction:
[Pt(dien)Br]" + Y~ — [Pt(dien)Y]" + Br~
Y Rate, ko (M5!
OH" 1.0x 10*
cr 8.8x10*
Py 33x10°
r 23x 10
Give a mechanistic interpretation of the reaction. [4]
QUESTION SIX
(a)  State the types of isomerism that may be exhibited by the following complexes,
and draw structures of the isomers:
(i) [Co(en)(ox)]" (i) [CO(‘eﬂ)(NI‘Is)zClz]2+ [8]
(b) In each of the following complexes, rationalise the number of observed unpaired
electrons (stated after the formula):
() Mn(CN)s]* (1) (i) [Cr(en)]"" (4) (i) [P(CN)J* (0) [6]
(c)  For each of the following two-dimensional shapes, determine the highest rotation
axis of symmetry, C,:
o T @ Q 2]
(d)  With the help of group theory methods determine the number of IR and Raman

peaks expected for PCl;. [9]



PERIODIC TABLE OF ELEMENTS

GROUPS
1 2 3 4 5 6 7 8 | 9 | 10 11 12 13 14 15 16 17 18
PERIODS IA IIA 1118 IVB VB VIB VIIB VIIIB IB B A IVA VA VIA VIIA | VIIA
1.008 . 4,003
1 H He
1 2
6.941 | 9.012 Atomic mass 0.811 | 12.011 | 14.007 { 15.999 | 18.998 | 20.180
2 ~Li Be Symbol HWw . C N 0 F Ne
3 4 AtomicNo. TS5 6 7 8 9 10
22.990 | 24.305 . 26.982 | 28.086 | 30.974 | 32.06 | 35.453 | 39.948
3 Na | Mg TRANSITION ELEMENTS Al | Si P S a | Ar
11 12 13 14 15 16 17 18
39.098 | 40.078 | 44.956 | 47.88 | 50.942 | 51.996 | 54.938 | 55.847 | 58.933 | 58.69 | 63.546 | 65.39 | 69.723 | 72.61 | 74.922 | 78.96 | 79.904 | 83.80
4 K Ca Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
85.468 | 87.62 | 88.906 | 91.224 | 92.906 | 95.94 | 98.907 | 101.07 | 102.91 | 106.42 | 107.87 | 112.41 | 114.82 | 118.71 | 121.75 | 127.60 | 126.90 | 131.29
5 | Rb Sr Y Zr Nb | Mo | Tec Ru | Rh Pd Ag | Cd In Sn Sb | Te I Xe
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
13291 | 137.33 | 13891 | 178.49 | 180.95 | 183.85 | 186.21 | 190.2 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) | (210) | (222)
6 Cs Ba | *La | Hf Ta W Re Os | Ir Pt Au Hg Tl Pb Bi Po At Rn
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
223 | 226.03 | (227) | (261) | (262) | (263) | (262) | (265) | (266) | (267)
7 Fr Ra | **Ac | Rf Ha | Unh | Uns | Uno | Une | Uun
87 88 89 104 105 106 107 108 109 110
140.12 | 14091 | 144.24 | (145) | 150.36 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
*Lanthanide Series Ce Pr Nd Pm Sm Eu Gd T Dy Ho Er Tm Yb Lu
58 59 60 61 62 63 64 65 66 67 68 69 70 71
** A ctinide Series 232.04 | 231.04 | 238.03 | 23705 | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) (259) | (260)
Th Pa U Np Pu Am | Cm Bk Cf Es Fm | Md No Lr
90 91 92 93 94 95 96 97 98 99 100 101 102 103

() indicates the mass number of the isotope with the longest half-life.




CONTRIBUTIONS BY VARIOUS SYMMETRY
OPERATIONS ON UNSHIFTED ATOM TO THE

CHARACTER
E G 1 Cn Sn
3 1 -3 2Cos6+1  2Cosd - 1
C2 C3 C4 CS C6
-1 0 1 1618 2
S, S, S, S, Sg
) -1 0382 0 0.414

TRANSFORMATION OF SPECTROSCOPIC TERMS

INTO MULLIKEN SYMBOLS
Term Oy Ty
S Alg Al
P Ty T,
D E, + Top E+T,
F Ay, + T+ Ty A +T+T,
G A+ E;+ Ty + Ty A+E+T + T,




General data and fundamental constants

Quantify

Speed of light
Elementary charge
Faraday constant

~ Boltzmann constant
Gas constant

Planck constant

Avogadro constant
Atomic mass unit
Mass '
electron
proton
neutron
Vacuum permittivity

Vacuum permeability

Magneton

Bohr

nuclear

g value
Bohr radius
Fine-structure constant
Rydberg constant
Standard acceleration
of free fall
Gravitational constant

Conversion factors
1 cal
1eV

f P n 1!
femto pico

10 10" 10° 10°

4.184 joules (J)
1.6022X 1077

nano micro milli-

Symbol

c

e

F= NAe
k

R= NAk
h=hn2n

Ny

u

me

mp

my ,

& =1/ 1,
4 e,

Ho

HB = eh/2me
HN = eh/Zmp
8e

a, = 4ne,/m.e’
a = pe’c/2h

Rp= mee4/8h3 csoz

g
G

m ¢ d
centi

Spectrochemical Series
I <Br <S$* <ClI"<NO;” <F <OH <EtOH < C;04*~ < H,0 < EDTA < (NH;3, py) <
en < dipy < NO;  <CN < CO

1erg
1 eV/molecule

deci
10° 102 10!

VYalue

2.99792458X 10 mss™
1.602 177X 10 C

9.6485 X 10* C mol!

1.380 66 X 102 JK!

8.314 51 JK ! mol™

8.205 78 X 10" dm? atm K™! mol™!
6.2364 X 10 L Torr K’! mol™!
6.626 08 X 1075
1.05457X 10 Js

6.022 14 X 10% mol!

1.660 54 X 10%' Kg ”

9.109 39 X 10°! Kg

1.672 62 X 10%" Kg
1.67493X 107 Kg
8.85419X 1025 C?>m?!
1.11265X 100 7' C? m™!
4nX107Js*C?m’?!
X107 T2 C?

9.27402X 101 T
5.05079X 102 31!
2.002 32

529177X 10" m
7:297 35X 107
1.09737X 10’ m?

9.806 65 m s ,
6.672 59 X 10! N m? Kg
1X107J
96 485 kJ mol™!
23.061 kcal mol
k M G Prefixes
kilo mega giga

100 10® 10°



Character Tables tor Chemlcally

Important Symmetry Groups

1. The Nonaxial Groups

I

o1 E
A ]1
C, | E o c;: |E v
A 1] z,y, R | 2% 9% A |1 1 | R;, Ry, R: | 2% 9% 2
| 2%, Ty Y, T2, Y2
A" 11 ~1\|z R; R, | yz, 22 As 1l =-1]z9¢z
2. The C, Groups
c. | E C |
A 31’; 1 1 | z R, * 2, 9%, 2% Ty
B 1 -1 x,y R, R Yz, 22
C;; E C;; C,; ¢ = XD (27['1/3) '
4 11 1 z, It, 2? + 3 2 _
VE (1 € €
11 % ('L J)(Rn R'l) (l - y 1y)\./~: 12)
e* €
Cq}' : E C4 Co C43
-1; 1 1 1 -1 z, . x4+ oy 2
h‘ 1 -1 1 =1 ) ? — ¥ ay
A1 T T e Ry | e
' 1 -1 =1 1



The C, Groups (continued)

G | 7B =~_cse.‘..:e’icgﬁ_-:%;C;?;{ Cobio| s g s le = exp (2i/5)-

"‘A . .‘1 F 11 ' 1 | 4R, [

By {Nj.l: e* ‘EZ,‘.‘"Ez* e*} . (B B) (yz,:cz): ;

17 e € € €

I R @@=z
. Ce | B Co Ci € C Cg ¢ = e;p (2ri/6)
4 11 1 1 1 1 1 z, &, 2t +y% 2t

B |l1-1 1 -1 1 -1 - e

e ) o

T e Sy | VI I
R 11 el PR
C; | E € C? CP Ci Cb O ¢ = exp (2ri/7)

A 11 10 1 1 1” 1 2, R, a:'-’—ry-,z'>

0 R A L S T
Bl Lo @ =
AR

G |E G C Co €2 Co Cod Cf ¢ = exp (27i/8)
A |11 11 1 1 1 1| g4& 2?4 ¢, 22
Bo|1-1 1 13-l -1 -l |

Bl L 00 D0 e Sl Gy | G

O e e T S | IR IR

— . - * X !
2 A




3. The D, Groups

y_ T I B B 1| 22 42
E B, 1 1 -1 -1 "z, R, Ty
B, 1 —1 1 -1 v, By 22
_ B, 1 =1 -1 1 z, R Yz
D; | E 2C; 3C
Ay, 1 1 1 2 4+ 9y 2?
Ag 1 1 —1 z, R, , .
"B 2 =1 0 | (xu(B,R) | (&7 =" zy)(zz, y2)
Di | E 20 Cf=Cd) 20, 207
4411 1 1 11 | oz 2
As 1 1 1 -1 =1 z, R,
B, 1 =1 1 1 -1 -yt
B, | 1 -1 1 -1 1 zy
E 2 0 -2 0 0 | (v, R) | (22,92
Ds E 2Cs 2052 5Ca
Ay 1 # 1, 1 1 _ 2 + o 22
Ag 1 3‘ 1 1 —1 Z, R,
I, 2 2cos72° 2cos 144° 0 (z, v)(R., R)) (z2, yz)
E, 2 2cos144° 2cos72° 0 (2* — v, zy)
D E 2Cs 2C; C. 3C; 3CY
A1 1 1, 1 1 7t + ¢ 2
Aol 1 1 1 1 =1 =11 2R,
B 1 =1 1 -1 1 -1
B, 1 o 1 1 -1 -1 1
E, 2} 4 -1 =2 0 0 (z, y)(R, R,) (22, yz)
L 2'3‘ -1 -1 2 0 0 (z? — ¥, 27)
i -



Cav E ‘2C3 30y '
A 1 I, 1 z z? 4 2 2°
Aq 11 =1 R, : v ,
E |2 21 0| @dRR) | (= vt 2)ez p2)
C4.,l K 2C4 Cz 26,, 20',1 - . ]
Ayl 1 1 1 1 1| o | 22+ 2, 2
A, |1 1 1 -1 -1 IR, : )
Byl 1 -1 1 1 -1 z — 97
B, 1 —-1:. 1 — 1 " Ty
E 2 0 -2 0 O (z, Y)(E, 1) (22, y2)
Csv E 2Cs 2C¢? 5oy
Ay |1 I I 1|z z? 4y, 2°
7 A2 1 - 1 —1 'Rz
Ey | 2 2c0s72° 2cosl44® 0 (z, )Rz Ry) | (22, 42)
E, | 2 2cos144° 2cos72° 0 (z* — ¥% 2y)
L &
. . ¥
Cou B QCG Z,Ca Cs 30, 3oy 1 } i
Ay 1 1 1 1 1 1 k z 2+ 93 2t
A» 1 1 1 1 -1 -1 R, )
B, 1 -1 1 -1 1 -1
Ba 1 -1 1 -1 =1 1 ..
El 2 1 -1 -2 0 0 (I; 7/)(RI; Rv) (.’L‘Z, yZ)
s 2 -1 -1 2 0 0 (x? — y* 1y)
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’Cﬁ(:) - , o .[:‘_;
| ) TE UNTI PRl R ozt et
=1 .1 .= 1 ~1.. =1 - Ry zy
=1 -1 -1 1 -1 R, xz
T o1 =1 -1 o R; yz
1 =1 ~1 S S |
=1 -1 -1 1 Tl e
co=1 -1 -1 =1 1 v
1 -1 1 1 -1 z
Dii L 2C; SCz opn 283 30,
CAf .01 S (LTS B | - 224 y? 22
Ag doe 1l =101 -1 =1 R, R TR
JEL ] 20— 2 —-1. 10 (z. ¥) (=2 —yizy)
AL 1 -1 -1 -1
Ag | 1 -1 -1 -1 1 z .
22 - 0 -2 1 0] (RnRyY | Gzw) i
D | 7 20 €2 20 20, i 2S¢ en 290, 204
A 1 1 1 1 1 1 .1 z? 4 y% 22
“Aag 1 .1 1 —1 - 1 1 1 -1 - R,
B 1 -1 1 1, — 1 -1 1 1 -1 z? — y?
Ba, 1 -1 1 -1 1 1 -1 1 -1 1 zy
-E¢ 2 0 -2 0 2 0 -2 0 0 (Rx, Ry | -(zz,v2)
At 1 1 1 1 -1 -1 -1 =1 =1
Ao 1 1 1 -1 -1 -1 -1 =1 1 1 z
Biu 1. -1 1 1 -1 =1 1 =i =1 1 -
B 1 -1 1 -1 ~1 1 -1 1 -1
E. 2 0 -2 0 -2 0 -2 0 0 (z, ¥)
Dsx F 2Cs 2Cs%  5Cy o3 23, 25;? Say
Al |1 1 1 1 41 1 1 1 FIESE SEL
--As |1 1 1 -1 1 1 1 -1 | R, i
Fy 2 2c0372° 2cosld44® 0 2 2cos72° ‘2cos144° 0 | (z,9) _
oM 2 2c03144° 2¢cns72° 0 2 2cosl44® 2cos72° 0 : (x? — y% 1)
Al 1 1 1 -1 -1 -1 . owlet '
D 1 1 -1 -1 -1 -1 1]z
E;’ 2 2¢c0372° 2cos8144®° 0 —2 —2¢0572° —~2cosld44® O | (R;, Ry) | (zz,42) B
Ea’ 2 2cos8144° 2cos 72° 0 —2 —2cos144° —2cos72° 0
Den | E 2Ce 2C3 C; 3C; 3C; © 283 2S¢ on 3¢q 3o,
Al 1 1 1 1 1 1 1 1 1 1 1 1 z? + y?, 22
A 1 1 1 1 -1 -1 1 1 1 1 -1 = R,
By, 1 -1 1 -1 1 -1 1 -1 1 -1 1 - )
Bqy, 1 -1 1 -1 -1 1 1 ~1 1 =1 =1 b4
Eje 2 1 -1 -2 0 0 2.1 -1 -2 0 O (R, %) (zz, y2)
Fac 2 -1 -1 2 0 O 2 —-1 -1 2 0 0 i (z® — y2, zp) -
A 1 1 1 1 1 1 =1 —-1.-1 =1 =1 =1 H
A {1 1 1 1 =1 -1 =1 =1 =1 =1 1 1|z |
By 1’ -1 1 -1 1 -1 -1 1"=1 1 =1 1 P
Ba, 1 -1 1 -1 -1 1 -1 1-1 1 1 =1 b))
Ej. ]2 1 -1-2 0.0 -2~1 1 2 0 0 (z, )
Eyw 2 -1 =1 2 0 0 -2 1 1 -2 0 0 :
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7. The D;;d 'Gr'qjubs

Dag | E 28 Ca» 2Cs 204
A 1 1 11 1 x4yt 2t
Aa 1. 1 1 —1 =1 R. ‘
B, 1 ~1 1 1 =1 2%~y
. Ba 1 -1, 1 -1 1 z zy
" FE 2 0 -2 0 0 (z.p): (zz, y2)
’ B i (Re. y) ..
“ Dau F 2Cx 3C» 1+ 2S5 3o .
A 11 to1 1 PRI
Aag 1 1 - 1 1 =1 R. . :
E 2 - 2 -1 (Re, Ry (z? — 42, =),
- {zz, y2)
Aiu 1 1 1 -1 -1 - .
A {1 1 =1 =1 =1 z ] .
FE. 2 ~1 0 -2 1 {x, 1) -
L4
D L 28; °2Cy 284 Ca ACy 4oy
4 1 1 1 1 1 1 1 z? 4 472"
e 1 1 1 1 1 -1 -1 R,
. 1 -1 1 -1 1 1 -1
Ba 1 -1 1 -1 1 -1 1 z
o 2 I 0 =2 -2 0 0 (z, ) -
I 2 n -2 0 2 0 0 (z* — 2% zp)
o 2 -2 0 -2 0 o (Ry, Ry) (zz, y=)
|
Dst |E  2Cs 2C;*  5Cs- i 25}, 2810 Ao
dig |1 1 . 1 1 1 1 1 1 gyt
A |11 -1 1 1 1 -1 | R, -
Ee 2 2cosT2° 2¢cosldd® 0 2 2tos72° 2cos144° O (R R,) | (z2, 42)
Lay |2 2cos 144° 2c0a 72° 0 2 2cnsld44® 2¢os72° 0 (x® — y> 1)
Aw 11 1 1 1 —1 -1 -1 -1 ‘
Asg |1 1 - =1 =1 -1 —1 1]z
Eww |2 2c0872° 2cos 144 0 —2 —2¢0872° —~2cosld44® O [fx,y)
Sau 2 2cos 144° 2¢ns T2° 0 —2 —2cns 144° —2¢ns 72° 0
Dt L 281« 2C¢ 28, 2C; 'ZS':'-_‘ C: G6Cs Bogq
Ay 1 1 1 1 1 11 1 1 P+t 2t
Al 1 1 1 1 1 1 1 -1 -1 R,
By |1 -1 1 ~1 1 -1 1 1 —1
Ba 1 -1 1 -1 1 -1 1 -1 1 z
E\ 2 V3 1 0 —-1 =~/ =2 0 o (z. 1)
Ea 2 1 -1 =2 -1 1 2 0 0 (? = 4% zy)
) 2 0 -2 0 2 0 -2 0 0
Fy 2 -1 =1 A | -1 2 0 0
“ B 2 -\,-'-i 1 0 -1 /3 =2 0 0 (R, ) (zz, yz)
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th b e

,z2+ yz, 22 .. PR
22 =yhzy

(2, 32

e = exp (2ri/3)

”~

RS

]

3:2, + y2= z*

(R Ry | &~ ¥

e,

.

et bt et et el et

e S N,

IS

| @w

¢ = exp (2r1/8)
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'Rz 22 4 3 2°
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(Rs, Ry) ~
' ('T! - 3/2, :cy)
(22, y2)
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9 TheCubieGroips

T4 E 8C3; 3Cy 6Si 6oa
! Al I S TS O 24 y? -
Ar 1 L1 -1 - N
E 2 ~1 .. 2 0 0 : 22 = 22 =Ty,
‘ z? — y?
. T 3 0 -1 - (Rz Ry, R,)
Ta 30 -1 =1 (z, . 2) (zy, zz, 2)
On E 8C; "6Cs G\C.r . ‘3C-_'("-—f C:Y l 6Ss 88¢ 3o Gog -
A IS RTINS (EEEARTD QRS | 1 1 -1 1 1 1
A 1 1 =1 -1 1 1 —1 1 1 -1
LK 2 -1 v 0 2 2 0 -l -
T 3 N =1 i -1 3 1 0 =1 =1 | (R.RuRD
Tue il 0 1 -1 -1 3 -1 0 -1 1 (22, vz, V)
v Alu 1 1. 1 1 1 -] = =1 <=1 =1
Ay 1 1 -1 =1 ) | 1 =1 «1 1
E. 2 -1 -0 0 2 -2 0 1 -2 0
T 3 0 -1 1 —1 -3 ~1 0 1 1 (z.v, )~
Tu 3 0 1 -1 -1 -3 1 0 1 -1

10. The Groups Cwy and Doy for Linear Molecules

Cocl! E QCw(b oo gy
A, =3+ 1 1 1 z 2 4y, 2
112 = E_ 1 1 R _'1 Rz )
El =TIl 2 #2 cos & e 0 (IJ y); (RIJ R.’I) (IZ, y:)
Es=a 2 2cos2b .- 0 (z* — 3%, zv)
Ei=o 2 2co0s3P 0
Dua. | E - 2Crt - we, 1 28,.% Y o
D P ] 11 1 cee 1 2t 4y 2
Eg_ 1 1 c - "1 1 1 A —l Rz
I, 2 2co5d --- 0 2 —2cos® --- 0] (R, R,)]| (2 yi’)q
Ay 2 2¢0s2d 0 .2 2cos2b 0 (=2 — v, zy)
Z.H 1 1 R -1 v =112
e 1 1 cee =1 —1 —1 1
11, 2 2cosd 0 —2 2cosd 0| (xr, )
- Ay 2 2cos?2¢ 0 —2 —2cos2d 0 '




(xz 'z ‘iz
.«a.l Pt
(el 3T = g 0)

«N+NA+NH

- 1 0 0 e~ 1 1- 0
0 1- 1 1 F— 0 1 -
1 0 eN —Di- (eAN+ 0~ ¢—- 1- 0 (e + Df
(z°f 1) 1 0 /N +ni- CTATEI L T oy 1- 0 (e — D¢
- 1- 1- I- - 1 1 1
1 - 0 0 ¢ I 1— 0
0 1 I— - ¥ 0 I -
1- 0 (e - D (e +1Di £ I- 0 N+ 1
Gyttt 1- 0 (e +1i (eN - 1E € 1I- 0 CTAN A7
1 1 1 1 1 1. 1 1
— 3 -
261 9507 HIA rggl rooel )07 foel

e,
« TNV e giprit

dnoan) puaparusod

0 G vl
I- I "H
(N~ 0E £ ne g
e/N+0Df N A
1 1 "y

0 « i
11— § ub
N ~-DF L
(e 4+ 0§ ¢ iy
[ 1 %
g e e [ e
- ocl g~ "

7o, -




