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The Euler angles

@ It Is important to recognize that for nuclei the intrinsic reference frame can
have any orientation with respect to the lab reference frame as we can hardly
control orientation of nuclei (although it is possible in some cases).

@ One way to specify the mutual orientation of two reference frames of the
common origin is to use Euler angles.

(X, Y, z) axes of lab frame
(1,2,3) axes of intrinsic frame

@ The rotation from (x,y,z) to (X",y",2")
can be decomposed into three parts:
a rotation by ¢ about the z axis to
(x",y",2"), a rotation of 0 about the
new y axis (y") to (X", ¥",z"), and
finally a rotation of y about the new

z axis (2") .
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states: |[I,M,K >

laboratory axes: |J,,Jy] =i- & -J, and cyclic permutations

[J2,3,]=0 k=x,Y,z2

quantum numbers:j, = h-M J*— h*-I(I+1)

body fixed axes: [J,,/,] =i-#h-J; andcyclic permutations

[J%,J]=0 i=123 [J, J,]=0

guantum numbers: j; > A-K J? — h%-I(I + 1)
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eigenstates: |I,M,K >

probability amplitude

1/2
for orientation of rotor: <w,0,¢|1,M,K >= (28:7:21] D, (v,0,9)

Wigner D —function D! (v,0,4)=e™d! (6)e™’
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Rotational motion of a deformed nucleus

3 p2 (ﬁz _ |§2) 52 The nucleus does not have an
Ho= D ——= s/4
rot - 2 . S .

orientation degree of freedom with
respect to the symmetry axis

States with projections K and —K are degenerated

2.1 +1)"* )
Wik Z(Wj '[DI:AK'ZK_'-(_]‘)I KDI:/I—K'Z—K]
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Particle-rotor model

K 2 ol =
K+3 /R_][ J F/f\.\ 3 "2 (R2 F’iz) "2
B DL
) Krys \‘\j j : I= 2 \S \Sl
g —— = ,'/ ~ ~

B iy | s v \51 )

The nucleus does not have an orientation degree of freedom with respect to the symmetry axis
with R=7-7
h2
— : 2 : 2
Hrot - 25 {(11 _ ]1) + (12 _ ]2) }
0

hz 2 2
H..=—(%—1?)+—(j? + j? — I_ I
rot 23, ( 5)+ 25, Gi+j5—J%) (/+ +j_1;)

Iy =L ti-I, jy=jixi-)

hZ
Ex(D = ex + 75 10+ 1) —K?+ 68k1/2-a- ()21 + 1/2)]

where a is the so-called decoupling parameter
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Nuclear level scheme of 181Ta

181'|'a

1991

39/2" ;
37/2° : =
35/2° —¥ %
33/2° G B
31/2" —. =
27 /2 —5% i
26/2% ——. ]
23/2" —f— Zl
N2t T
19/2* §I
17/2* w—F ol
15/2% f—m 3
13/2% es—=HX =
172 T &
9/t +—Y 5
7/2*

7/2*1404]

Spin 1

20

B

10

1 1 1 A [l L 1 L 1 L 1 i L 1
300 400 500 600 700 800 900 1000
EI_E|_2 (keV)

Hans-Jurgen Wollersheim - 2023



Nilsson diagram of 181 Ta
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Coriolis band mixing calculation for the 7/2¥[404] band in 181 Ta

The Hamiltonian H,, is the diagonal part of the rotational Hamiltonian. Tha eigenvalues
are assumed to be given by
2

h
Ex(D) = ex + o5 I+ 1) — K2+ 6k1/2-a- (D21 +1/2)]

Off-diagonal terms are given by the Coriolis matrix elements
2

h
Vicsix = —E\/(I —K)I+K+1)- (K + 1]j,|K)

Results of Coriolis band mixing calculation for the ground-state rotational band in '®'Ta

State Expansion coefficients

I! En.]c (kEV)

3[422] PN 34021 L4131 $°[402] [FU[4041] $°(404]

1+ 0.0  0.0020 —0.0027 0.0 0.0417 —0.0304 | 0.9987 0.0

2t 136.9  0.0040 —0.0053 0.0001 0.0630 —-0.0459 | 0.9969 —0.0025
L1+ 302.9  0.0065 —0.0085 0.0001 0.0818 —0.0594 | 0.9948 —0.0038
13+ 497.1 0.0093 —0.0123  0.0002  0.0995 —0.0720 | 0.9923 —0.0048
is+ 7187 00127 —0.0167 0.0002  0.1167 —0.0840 | 0.9894 —0.0058
1+ 966.5 0.0163 ~0.0216 0.0003  0.1335 —0.0955 0.9860 - 0.0067
13+ 1239.3 0.0209 —0.0270 0.0 0.1501 —0.1067 | 0.9822 —0.0076
2L+ 1535.7  0.0251 —0.0331 0.0004  0.1664 —0.1176 | 0.9781 —0.0084

T. Inamura et al., Nucl. Phys. A270 (1976) 255
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Reduced transition probability

expectation value (M%) = j Y MPwdr

: 21 +1
wave function Yk = |Tg 72 [Dik - X + (=) KDjy_ - X_g]

- J(ZI +1)(2I + 1) o
(I-MeK | M2 | 1,M;K ) = f j f XK Z DMy Dyt Xiedt

8- m?2

871'2 A’ ’
+1'(|1|2M1M2 | |3M3)'(|1|2M1M2 | |3M3)

J] D':/}lMi DI:/|22M§D|\I/|33Mé dr = >

21 + 1

- (1AM (My — M;)| 1M ) - (1AKO|IeK) - (Xic| MG |Xc)
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Reduced transition probability

21; + 1
21 + 1

(I: MK |MGS2| ;MK ) = c(IAM;(My — M) I My) - (LLAKO|1:K) - (Xi | Mot |X k)

Wigner-Eckart-Theorem (reduction of an expectation value).
_ LAM; (M — M; )|I-M _
(e ey = LML ZIOUME) e o

Am J2I + 1

(I:KIIM(ED|ILK) = 21; + 1(LAKO|IK) - (X | MR |X k)

special case: E2 transition |—I-2
15 \/(I+K—1)-(I+K)-(I—K—1)-(I—K)

Qqe

(1 = 2, KIM(ED) 11, K) = JBZE- Y RTEY

reduced transition probability:

B(EXL I > If) = ([ KIMED LK)

21, + 1
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Odd-even nucleus:

special case: E2 transition |—I1-2
15 |U+K-D-U+K)-(U-K-1)-(0-K)

(I =2, KIMEDILK) = |- T, 0z
reduced transition probability: .
1 2 14
B(EL L - Ip) = =—— ([ KIIM(EDIIK)]
21, + 1
12
s
— '
04 /"'
5 1 -
B ﬂ s
T /
i i
agy:
2 /
0,4 %r"
Q.(9/27) 0,2
=272 2~ (0.9681 + 0.0002 =6.71(8) [b
00777 ( + ) | Q, (8) [b]
) 16 20 24 28 32 36 40 .

Lt 1)-IdIs+1)

M. Loewe; dissertation
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Matrix elements

15 |U+K-1D-U+K)-U-K—-1)-I-K)
321 I-1)-QI—=1)-1 '

5 3:-U+K)-(I—-K)-K?
(I - 1L,KIM(E)IILK) = - jm—n J E,fl)), ,(,(, +)1) - Qze

Qe

(I —2,K||M(E2)||I,K) =\/

(LK|IME|IK) = - > al+1 (12 =3K2+1)-Q,e
’ T e |QI=1)-1-(+1)- (21 +3) 2

Hans-Jurgen Wollersheim - 2023 (=



Odd-even nucleus:

3 | U+K)(I-K)
(I - 1LKIMMDI|I,K) =— e ] K- (gxk —gp)|[1+ 5K,1/2(—1)I+1/2bo]#N

The quantity b, depends on the magnetic decoupling parameter

0,35

u(7/2%) = 2.3705 £ 0.0007
0,3 K

| =717 (gxk —9gr) K+ gg-1
. = S " gg = 0.313(5)
= 5 2 gk = 0.782(2)
= /
o /
= v

1(9/27) = 5.28 + 0.09

Ok —9r = 0.469(6) - 22 - + 9 + 7
H 9/2 (gK_gR)za 9/2 .U—7/2 H7+7/2 (gK_gR)E
5 45 ; , i g, g, - + 77
3 I A 72 (g —gr) = 7% (gk - 98) g7 + 0.606 = 1.052
M. Loewe; dissertation *

—
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Hicames 7 z ns0 Rl : 86 i ]
EH = 21 | wdd i
L Ll i e i
S AT L TC [ _
3
i
i 49 iy 5
i i) - )
G E G G
-
i
i
| u u i

-1
13/2+ 0.495 t=9.14+12ps T = {z Z[gl%_)K(}{) + 513,_«(1)]}
K ¢
11/2+ 0.302 7=231+43ps L Tl/z/
E2 + M1 (n2
+ E2 v
9/ 0.136 7=57.0+23ps
2 E2 + M1
7/2+ — 0.0
181 st(A+1) 1[hw\**)Y
Ta Snm(d) = {/1[(7; ++1)!)!]2E<h6;)> } Iy + D7V Iy I D) |y )

1/2 _
Snom(E2) = {1.225- 103 - E;(MeV)5} '™ - (21, + D™V 2 - (Iy IM (E2) || Iy)
1/2 _
Snom(M1) ={1.758- 103 - E3(MeV)3} '~ - (21, + 1)™Y2 - Iy IM (MD) ||1y)

et () =682, (D) - ayoyu (D) conversion coefficient.: bricc.anu.edu.au
T. Inamura et al., Nucl. Phys. A270 (1976) 255
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Odd-even nucleus:
il k) ettt | o

-1
13/2+ 0.495 t=91+12ps T = {z Z[gl%_)K(}{) + 513,_«(1)]}
K ¢
+

H/,— 0.302 7=231+43ps o Tl/z/l?’lz

| E2 + M1

E2
+ | v
9/ . 0.136 t=57.0+23ps
2 | E2 + M1
7/2+ e 0.0
18175 Spinl  E,(MeV) (2I+1)¥2  <I-U/MQ/I>  delta o g2 (;s)

9/2 0.1365 03162  -3.899 (E2) -29594. 1.1 9.98-108 533
1.103 (M1) 73591 1.8 9.75-10°  58.7
11/2  0.1654 02887  -4.291(E2) -48238 06 133-10° 274
1413 (M1) 115044 1.0 1.38-101°  32.6

0.3017 0.2887 1.977 (E2) 99868 0.1 8.08-108 24.1
T. Inamura et al., Nucl. Phys. A270 (1976) 255

®
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153Ey
159Tb
165H 0
169Tm
175 _u
181Ta
185Re
187Re

5/2*
3/2*
712
1/2*
712*
712+
5/2*
5/2*

1l
+1.5324(3)

+2.014(4)
+4.177(5)
-0.2316(15)
+2.2327(11)
+2.3705(7)
+3.1871(3)
+3.2197(3)

Odd -even nuclei

(9-9r) B(M1)W.u.
0.551  0.00608(28)
1.556 0.173(8)
1012 0.275(14)

0.0342(8)
0.298 0.0354(14)
0.352 0.068(4)
1.217 0.28(5)
1.242 0.260(18)

(9k-9Rr)
0.185

1.471
0.973

0.349
0.484
1.252
1.206
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Ta-nuclei: level schemes

..u-u' '%’?\4';3:55 !:?.,];7\‘ '%? [ Tal78 ’;"81;;9 I'lf:igl: ?ES 'ESE?-! %}1‘;?;5 'E%Eﬁ Talt" W116
72‘% e ]?“IES i %‘f} foind :ET:S - &}ms
25/ —— 1.933
23, 7 2 _
/5 1.863 AK 81.778
9/2-[514
23/, —— 1.609
+ 2 : —Ts86
21/, — 1539
_ 9/2-[514]
21/,” —— 1.307 1087
_ ——1.130
17, v 19, 1.028 —— 0993 1054
/2 0.965 7/2+[404]
——0.868 200
17 — — 0.
+ 0.773 ——0.750 -
N 5 - 05—20 0.629 - 0506
13/, gag5 1%y —— 058 —0 -
—0.417 —— 0.404
11, ¥ 13/ " —— 0.338 ——0.317 2/2+7a0a] —0-337
/2 0.302 /2_ 0.23]/- [ ] 1< 7ns 7/2+[404] 0245
9/, —— 0136 1/, —— 0.159 07 =153ps — 01640175155
0.073
= 8.7 us
7/, ——00 9/ ° —0.006 —00 ——00 ——00
181Ta 183Ta 185Ta 187Ta y=—65%x+17
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187Ta level scheme
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Ece i
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(25/2 )7 1.778 T=10.5(13)s
9/27[514]

(21/2)—— 1586 7=106ps
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187TQ  P.M.Walker; Phys. Rev. Lett. 125 192505
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Experimental information on 189Ta

-

e A DS I AN
)

Counts/1.25 us

= 0

200
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Energy (keV)
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L

50
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£
]
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2
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Position at S4, focal point (mm

-100

ABp across mid focal plane (a.u.)
PhD-thesis: Steven John Steer
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Au—¥
Pt —

I
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208Ph primary beam
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l\,um o, ) . .
Sl— Experimental information on 189Ta

30FAt=2.4-6.5ps 2 6l T,,=0.58(22) us
<t =
) 3 4r
= 201 S 11389and482keV ™
X I w0 1 2 3 4 5
a_) 10 g <t % &\)] Time (us)
Q O lw S
4@ 0 U1 oom L
g < Gated: 154, 284, 343, 389 and 482 keV
o O < ™MD o '\
Q 4' — QO <t 00 (00
A ™Mo <
2_ /
0 [ | I| .

0 100 200 300 400 500 600 70

E, (keV) _ o
, (keV) intensity
153.9 100(19)
283.7 73(17)
342.5 47(13)
388.7 80(19)
481.6 97(21)

PhD-thesis: Steven John Steer

®
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Experimental information on 189Ta

‘-l .\gllsds VL6 \g}f?
ElrS 5 At . i
bl l 116
721
Ly E, AE, y-intensity a,,  intensity S.J. T, (1s)
i 2" | Steer
i ; | 154 32 1495+141  100%  0.734 €e:l19/E2173  100%  1.09(4)
oo} s 13 481 199 42 671490  44.9+7.4 0303 585+9.6
r - [ 19 i@ 198 25 32.3+9.6 21.6+67 0.308 28.3+8.8
g 2005 25 31.1#9.6  20.8+6.7 0.295 26.9+8.7
B 2472 18 36.9+7.1 247+53 0149 28.4%6.1
B 2846 24 375+83 255460 0.025 E1261:62 73+22  1.16(7)
00 3427 2.6 294470 197450 0.056 20.8453  47+16
; 389.3 2.5 11054109 73.9+10.1 0.039 76.8+10.4  80+24  1.08(6)
50r M, IUh MEN T 481 3.2 131.6#125 88.0+11.8 0.022 9012 97428  1.12(7)
GD‘J..‘|".‘\.".\....|..‘.|‘.H|H.w.‘ * 1}} 83 0.202(12
100 200 300 400 500 600 700 202(12)
Energy/keV Energﬂl-;a'u'] 134 0.284(11)

gate

481 154 284 389 -
389 154 284 - 481
284 154 - 389 481
343 154 199 246 -

246 154 199 - 343 370 453 481
199 154 - 389 481
154 134 154 246 343 284 389 481
134

PhD-thesis: Sultan Alhomaidhi

®
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Experimental information on 189Ta

72'§

F F 154

50;_ T 9/2[514]

00}~ 20— 134 481

[ L 199

ok o : | 9 a=+1/2 a=-1/2

5 E by |2“'5 (23/22>—1.463

00:— 10- | l I ﬁ 0.154

50 NI wl&lf # &‘ AR (19/2°) —!1.309

E i [ ]ﬁ |

% 100 200 300 400 500 600 700 0 0.481
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e 0.389
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343 154 199 246 - 0.284
+

246 154 199 - 343 370 453 481 +7/ 2'[404] l
199 154 - 389 481 (9/27) 0.154
154 134 154 246 343 284 389 481 +

7/2 0.0
134 ( )

189Ta

PhD-thesis: Sultan Alhomaidhi
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Experimental information on 189Ta

F F 154
s0F 25
: 'f | 9/27[514]
00 20~ 134 481
B | e £ a=+1/2 a=-1/2
~ 155_— | —
; = (23/223r—1.463
0o m;—!ll_ EIH' 0.154
o ; Nl I‘R 4 (19/27) < 1.309
L fl | I | | I
% 100 200 300 400 500 600 700 LT B 0.481
Energy/keV Energg.rﬂ-;a'u'] (17/2 )—7— 1.042
0.453(15/27) —— 0.828
gate
! 0.389
481 154 284 389 - (13/2 )—— 0.589
389 154 284 - 481 4
284 154 - 389 481 0.343(11/27) =— 0.439
343 154 199 246 - _ 0.193 4 g4
246 154 199 - 343 370 453 481 +7/ 2'[404] (9/2 )__45246 l
199 5 . 289 481 (9/2 ) — 0.154 0.246
154 134 154 246 343 284 389 481 + ¥
7/27) —
134 (7/27) 00

189Ta

PhD-thesis: Sultan Alhomaidhi
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Ta-nuclei: level schemes

s 2 2 9/2°[514
(252 1778 ;l—~=14.1 27=13.8 /254
73(9)s 1817 . @=+1/2 @=—1/2
O)s 1917 012) 1586 = a
2 \ 7= 14.3 7= 13.6 (giéP— 1.463
299 4 10/
5306 A 1267 (19/2°) (19/2°) = 1.309
]
_ 0.481
(17/27) y 1054 \23,32 4849 (17/27)—— 1.042
4583 25{'_-": 802 y (15/27) 0.453(15/27) —— 0.828
0.389
(13r2—)+ 596 fﬂ?’-’ﬁ o (13/27)—— 0589
a0ty (1) 03a(11/2) 7 0439
L (927) 245 1986949, /21804 (9/27) —t—<626 |
(927) 91’]4 E5245f2 _____________________________ r (9/2+) — 0.154 0.246
(72t 154.8 ¢ 12 (7/2%) — 0.0 )
1874 189Ta

—
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Prolate-oblate shape transition

1 1

h193
“ u"
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18 120
isotope i} v
182\ 0.274 11.490
184\ 0.258 13.80
186\\/ 0.223 15.90
18605 0.196 16.5°
18805 0.185 19.20
19005 0.184 22.30
19205 0.168 25.20
192pt 0.146 -
194pt 0.134 -
196pt 0.135 -
198Hg 0.106 36.3°
200Hg 0.098 39.10
202Hg 0.082 33.40
204Hg 0.068 31.50




Prolate-oblate shape transition

n-rich hafnium ground states

critical point

N =116 60
Y
190Hf
l 30
‘LIIIllllllll-llllnllllllll frrrrrrrrr1torrrtrrrrrrprl O
0 2 4 G g8 10 0 2 4 G g8 10
Qp (b) Qp (b)

Robledo et al., J. Phys. G: Nucl. Part. Phys. 36, 115104 (2009).
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Band crossing prediction in 80Hf
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R. R. Hilton and H. J. Mang
Physik-Deparvtment, Technische Univevsilat Miinchen, D-8046 Garching, Germany
{Received 6 September 1979)

Giant backbending |is predicted to occur in '"°Hf at|J~ 2ﬁ°:| The effect is clearly seen
to be the result of the crossing of two bands with very erent intrinsic structure.
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Phys. Rev. Lett. 43 (1979) 1979
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180Hf oblate band?
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190Hf TRS oblate rotor

Y=[sin(y+307)
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Hf prolate vs oblate
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Xu et al., Phys. Rev. C62 (2000) 014301
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Nilsson single-particle diagram
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o oy | e iy (3 - [ - (3 32 " - 52 52 12 5i2- [ iy " (324
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15 [U+K-1)-(U+K)-(U-K-1)-(-K)

(I =2, KIMEDILK) = |7 NIRRT Qze

< Ip[IM(E2)|]]; > Q; (b)
162Dy 2.32+0.02 eb 7.36+0.03
163Dy 2.31£0.02 eb 7.29+0.12
164Dy 2.38+0.01 eb 7.54+0.04
L6 2.42+0.01 eb 7.67+0.03
167Ey 2.24+0.01 eb 7.60+0.10
168y 2.40+0.02 eb 7.61+0.06

Hans-Jirgen Wollersheim - 2023 IE= N



=
2

Erl36 E 1"? Erls8 E 159 Erl60 E 161 ; Erl63 Erl65 6 i S Frl6d ErlTl | Erl72 | Erl73 | ErlT4 | Erl75
195m FECTY 1858 h Tilm 1036k snd 7516k | 4%3h Lim 33m 11m
52

1855 2353 103z E1A] 53m

o oy | e iy (3 - [ a.'z. (3 " :wz. 52 12 5i2- [ iy " (324
EC EC ECe  [FCo EC.x EC.c EC EC EC EC EC 5 65 [ B B B B B
Hol49 | Hol20 | Hol21 | Hol22 Hnlss Hol24 | Hol=5 HnlSE HnlST Hnlsﬂ Hol=0 | Hol&0 Hnlﬁl Hol6d P Hol66 | Hol67 | Hol68 | Hol6% | Hol70 | HolTl | Hol72 | HolT3 | HolT4
‘Nis Ts B2s 1618 1. Tém 4Em ]lin Mim Ii.IS- 56m -IS'HI] 153h 3lh 1% m 4Tm 1Tém 53s 5

) T wmzy (o m, o | 5+ S 5 % e | m | | o
EC EC ECo  [FCe  |ECe EC.x EC ik | e EC oo [} F [ B B B B

14 49 | Dyls0 | D151 152 | Dyl53 | D154 ])\155 D\l-vﬁ 1! Dyl58 SEE Dyl60 Dyl6 i Dy16 BAlSHl Thil68 | Dvl66 | D167 | Dyl6S | D169 | Dyl70 | Del7l | Dyl72 | D173

%-‘ 'l}.;:ll- T17Tm 1'fm Df;u 64h | JOE-6y I"Eu [] 134hb S16h EMm £Tm 39 = 2 = 3

[ o, e ) [ T [ - - T [ oy [ 33 5y L33 133
EC |EC EC.x EC.o EC. o o EC [STEC 5 B B B B B

15 |[U+K-1)-U+K)-U-K—-1)-1—-K)
327 -1 -2 -1-1 ' Qze

(I = 2,K|IM(E2)|IL,K) = \/

5 3:-UI+K)-(I—-K)-K?
(I - 1,KIM(E)IILK) = - JE j E,fl)), ,(,(, +)1)  Qze

B(E2;5/2->7/2)
B(E2;5/2 > 9/2)

163Dy = 2.76 + 0.14 (2.86100)

B(E2;7/2 - 9/2)
B(E2;7/2 > 11/2)

167Er: = 3.81 i 0.15 (3-89theo)

Hans-Jirgen Wollersheim - 2023 IE= N



: Erl5I | Erl53 | Erl34 | Erl55 | Erl56 | Erl57 | Erl38 | Erl39 | Erl6d | Erl6l ; Erl6d i Erl6s ; i N Frl6? Erl7l | Erl72 | ErlT3 | ErlT4 | Erl75
1855 2353 103z s 373m 53m B5m | 1865m | 2Wh ¥ m 8L | 3Nb T50m 1036k 5404 7516 h 433 h 1dm 3im 11m
o oy | e iy (3 - [ - (3 32 " - 52 52 12 5i2- [ iy " (324

EC EC ECe  [FCo EC.x EC.c EC EC EC EC EC EC 0 EC EC 5 65 [ B B B B B
Hol49 | Hol20 | Hol51 | Hols2 | Hols3 | Holsd Hol20 | Hol60 | Hol6l Hol6d P Hol66 | Hol67 | Hol68 | Hol6% | Hol70 | HolTl | Hol72 | HolT3 | HolT4
‘Nis Ts B2s 1618 1lm 1. Tém 248h 4570y 153h 3lh 1% m 4Tm 1Tém 53s 5
) r o lmmy,| o | nr | @ M, W e | m | | o

EC EC ECo  [FCe  |ECe EC.x EC oo [} F [ B B B B

: - 182 ; 50 Dyl Dv16 D16 Dyl6 165 y ; 7 - p y AT y
 EEHEEAE RS R Rty USRS D e TR kD
(33 o, e ) [ T T [ oy [ 33 5y L33 133
EC EC ECo EC. EC. o B B [ B B

-1

11/2 0.282 =038+ 0.07 ns T = Z Z[SI%HK({’) + 85k (0)]
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7/2 0.073 =218+ 0.07ns

5/2 0.0

8r(f+1) 1[ha\2)" i/
< ) Iy + D)7V2 (I IM (D)

6N—>M(€) = {_g[(z,g + 1)!1]? E hc

1/2 _

Snom(E2) = {1.225- 103 - E;(MeV)5} '™ - (21, + D™V 2 - (Iy IM (E2) || Iy)
1/2 _
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Spherical harmonics
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1/ .sin @-e*

Y,o(6,6)= | —— (3 cos? 0—1)
-sin -cos@-e™*
-sin?6-e*
(ZCos 0 —3cosdsin’ 0)
(4cos @sin @ —sin 6?)
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