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1. INTRODUCarION

New lasers that have siqnificantly improved eff~ eier -x”s and

performance at a variety of wavel -r :~ hs are needed by ~~~~~~ U.S. Army .

Their uses vary from range finding and communil utions throu ;h nissile

oujdance and countermeasures to high—powered laser oy5tPr!~s that ray be

required for weapons and for future nuclear fusion work . ‘
~~ the present

time , there is no systematic way to select new laser materials for

specific applications; and , as a result , new systems must rel y on

time-consuming and costly experimental programs . The development It

theoretical techniques for analyzing observed impurity ion optical

spectra in single crystals , however , has evolved to the r)oir.t where one

nay calcula te 1 ,~ most of the quantities that are irnpnr~~ant i n

understanding the behavior of current and possible future laser

materials. By using the results of such calculations , a systematic

approach can be taken to select solid-state materials that offer promise

as new laser materials having predetermined characteristics .

—

Irs this work , we-report results of calculations of energy - levels
,c

and transition probabilities for the lanthanides in CaWO~~5 This

material was one of the earlier laser host materials,~ and an abundance

of experimental data are available~~
’
~ for comparison with our

calculations on the energy levels and electric dipole transition

probabilities for the triply ionized lanthanides from Pr to Tm.
( N

1M. K. Mann and L. G. De~hazer , J .  Appi . P hy s . ,  41 (1970) , 2951 .
2L. F. Johnson, J. Appi . Phys., 34 (1963) , 897.
3ttona ld E. Wortrnan , Clyde A .  Morrison , and Richard P.  Leavitt ,

Optical Spectra and Analysis  of  Pr 3
~ in CaWO4, Harry Dianond

Laboratories TR—1 726 (November 1975) .
5” 

•See Annotated Bibliography--Energy Level and Intensity Calculations.
f S .e  p, r inotated Bibliograp hy --Experimental CaWO 4 Data .

• , *
• 
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2. CALCULATION S

In making the calculations , we use parameters that describe the

free-ion energy levels and those that describe the effects of the

crystal on these free—ion levels. The effects of the ‘--rystal are

described by so—called crystal field parameters , B~11~, 
and the even—fold

(even-k) B
k 

are obtained in a comparison procedure between calculated

and experimental energy levels. The odd-k B~~ are required in the

intensity calculations and are obtained by using lattice sum

calcul ations

-
~ term energy levels reported 3 ,* for Pr 4 , N I ~~~, 1 t  Er ~ in

si ~al CaWO, were used as a basis for all the calculations. The

~~i each ion were used to obtain a best least—squares fit between

e~~~~ iated and measured levels by varying the even-k B~~ in the

S , -syminetry crystal f ie ld  Hamiltonian

H =~~~~~ B C , (1)
x krn km km

as described elsewhere . 5 In the same manner,  H was diagonalized here
x

in the space of 10 to 14 lowest J-multiplets spanned by

intermediate—coupled f ree—ion wave funct ions  determined by the free—ion

parameters of Carnall et al~ for  Pr and Nd in aqueous solution. The

resultant best-fit B
k 

for these ions are given in table I. Also given

3rk,nald E. Wortman , Clyde A. Morrison, and Richard P. Leavitt ,
Optical Spectra and Analysis of Pr3+ in CaWOz~, Harry Diaircnd
Laboratories TR—1726 (November 1975).

~M. Karayianis and C. A. Morrison , Rare Earth Ion-Host Lattice
Interactions 1. Point Charge Lattice Sum in Scheelites , Harry Diarrcnd
Laboratories TR-1648 (October 1973).

5N. Karayianis, D. S. Wortman, and H. P. Jenssen , J. Phys. Chem.
Solids, 37 (1976), 675.

T. Carr.all, P. R. Fields, and K. Rajnak, J. Chem. Phya., 49
(1968) , 4412—55.

See Annotated Bibliography--Experimental CaWO!. Da ta .

8
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in f a l- l e  I :i rc- F~ ‘I’ t~i i ned l.y var , nr~ the f r e r -— i o n  parameters  forkrr -

Nd and Lr~~ in CaW(~~, ,  an d these f r e e — i o n  v - l i r e ’ - :  are l i s t e d  in the

table.

TABLE I .  e in :U- on s ,1, OICAL CRYSTA L F I E L D  PARAMETERS , B~~~, FOR TRIPLY IONIZED
1 A N T F i A N J i i ~ ,, .; IN  Ca WO ,

- - 0 ~~- K , :  - i . - , ,  - s - . :  i,,, -

- S - - - ‘4  5 - ‘ 4 - I 70 4 I - 4 -~
5 5  

~~~‘- ‘ 4 . ~~ - - . 4 - - Z . 4 5 .
S 

~ 55 . 4 4 510 1 4 4  4 4 5 4 ,0, . 1 :
I :  ~ - ~~- - - - ~ 4 - 5 4’) 1 —  ~ ‘ .057 1 - I

- ‘‘ ‘ 55 0 . . . - - .  r , , .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,- - - S 5 .  ‘~~~~ 4h , 5V’* ” y A . 
5 , 4  ¼ , S S J , 5 N~~~, ,  s i ,  A .  ~ . - . 1  4 .  , p s.., ‘ - i - . ~— 4 , , , , , I ,  

( N  - I - s , :  5’ s ; , !  5 , 4 . s ,  s . . !  7 ‘ ‘: , Ms- ~ N,, - -

-
• J5 ~~~~~~~~ S A ; , 5 t d b~, s - . ~ ‘ - 5’ • 44 N 5 ! - , !I  4 . S  4 - - - - 4 ‘ 4 ~ I -  

- - 5 . . 4  524 ‘- - . 1 , 4 ’  
I F -

, (I I . r - ss , - - - ‘:~~~ 1’ ,-,~ : . - 2 . , I , - p i l .  s _ n . . :  - -  5 - .5 1 4 , ~ s ’ -- , 4 ‘s I N ’ , . I  - ç  - - - - . ,  4 4 . 9

In using the theoretical model , we assume 7,* that the B~~ may be
factored as follows :

B~~ 
~km <r

k> (1 - °k~ 
(2)

where the are ion—dependent screening factors of Sternheimer et al,

the <2~>
are ion-dependent radial integrals , and the A,~~ are the crystal

field components which we assume to depend only on the host material.7,*

To match the lattice sums to the experimental B~~ , a

three-parameter theory was developed7,* which extends equation (2) as
follows :

B
k 

( t;  q, ri) = PkAkm (I
~l? 

Ti) (3)

7 Ni ck Karayianis and Clyde A. Morrison, Rare Earth Ion-Host Crystal
Interactions 2. Local Distortion and Other Effects in Reconciling
Lattice Sums and Phenomenological B

k , Harry Diaircnd Laboratories
TR—1682 (January 1975) . m

*5~~ Annotated Bibliograp hy--Other Theoretica l Calculations on
Rare—Earth Ions in Crys ta l s .
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The t : r ~ e parameters  T , q,  and ri are v a r i e d  to obt~i in  a least-s’: lars .-:.

f i t  between the B of equa t i on  ( 3 )  and the phenornenoloqical  B fo r

each ion . The (r~~~F are the e~ p ec tat ion  va lues  of the radial positions

of the 4 f  e lectrons ca lcula ted  by usinq Har t re e—Fock  wave funct i on s .~~~*

For r < 1, the wave function is spread radially, which is a necessary

condition to match the observed Slater paramete r s ,  F
k

. The two

Parameters q and ri describe covalent effects in the host crystal. For

CaWO t,, q is the e f f ec t i ve  charge on the oxygen ion , and the charge on

the W ion is given by = — 2  — 4q
0
; n is the ratio of the effective

oxygen charge from its center position as determined by neutron

diffraction . By varying q and ri, the known covalency of the

(WO ,Y 2 radical can be simulated. After finding parameters in

equation (3) that fit even-k Bkm, the odd-k B~~~, which are not readily

obtainable from the crystal spectra , can be calculated.

The B~~ given in table I, rows 3 and 4, for Nd and Er were obtained

from higher-quality data (e.g., fewer extra lines) than were the B~~ for

Pr; better agreement was obtained also between theory and experiment for

the former ions. Therefore , the B of rows 3 and 4 were used to
km

calculate B~~ (T ; q, ri ) by varying I, q, an~ g; the Bkm derived in this

manner are listed in table II. Also given in table II are smooth sets

of B for the other lanthanides in CaWO~ . These values were obtainedkm

•1

1Nick Karayianis and Clyde A. Morrison, Rare Earth Ion-Host Crystal
Interactions 2. Local Distortion and Other Effects in Reconciling
Lattice Sums and Phenomenological B~~ , Harry Dianv~nd Laboratories
TR—l682 (January 1975) .

*5ee Annotated Bibliography--Other Theoretical Calculations on
Rare—Ear th Ions in Crystals.  . 

•
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TAB LE 11. CI4Y::TAL FIELD PARAM I~TERS . 13 , I l k  TI 4 I P L Y  J~~NIZED I.ANT13ANI;I:~
IN C , W l( a kin

I ‘ n  Ii LI . 4 , , 14 . 7’’ ~- i 1 h o  , I F ,  4 4 p 
-: - -

14 . - , I

P r  1 7 7  ‘“ 1  441 15 2 1 )  . 7 ’  ‘ii

‘. 4  4 . 4  . 8 4 1  ‘ ( 5 , 4 , ‘ 4 4 7 0  ‘3 17 .:

458 -~4 l 7  . 4 ” ’ - I 713 j  2 1 :  X’.’i I I

4 .4 - —77 ’ .4 — / 1 . ’ 2 0 1 ‘;: , :

7 ( 1  4 ’~ 4 .  7 1 7  . 4 — 3  , . , 4 ,  1 • 1
45 . 1 - 4 . 0 — 7 2 . ’ 4 7’, — 3  4 I . ” 1 8 7  ‘~~ : I I

‘ I I -  4 - 1 )  700  . s 3’ . 1 7 4  . .  .‘ - 1

4 ’ - h  — ‘ H I) -‘ , 1  ‘— 3  I l ’, j , , . : 7 : 1 1 1

3 (5 ’ ) 4 p 4  . , , 4  ‘ 4 — I  ‘,,.I I ’ - ’
7 ’ 4 7 3  5 ’) ‘ 5 , — 3  i . ,  LI’ ;

‘Fr- -I ‘ 1 ‘, , 1 , 5 , ; L I

S 
v . 1  s ~~, : , ‘ , - )  9 s ’ ’ I 1 4  .5. ’d - ~ 4 1  ‘ .‘ , ‘ . 5  N,,r, - .I ~ m 1 - ‘. ‘ ‘) ~ , t ’.: ,o .f  F F , Fl

‘- . 5 : 4 4  .4 1  7 5 ; ’ .  ‘ ‘N5’ 7 ’  ‘ 1 ‘ ‘ I I  . s o . I  1~7 7 ,  I F’ N 4 , , S ’ .F’
. 5 5 5 5 . j  p ç . 9 4

by us ing the k v a l u e s  of equat ion ( 3 )  given in table I I I  and the

for Nd. In equation (3), these values were found : -
~~~~~ = 0.752

and -r = 0.672; values for i for the othe r la n t ha ni d e s  can be o~ tair’;edEr
by assuming tha t  I is a linear function of ~; (where the electronic

configuration for each ion is 4f
N
)~ Also qiven in ~a}”l’- I I I  a re ~he

radial integrals and energy positions of the higher electror,i’

TAFII ,E I I I .  V A I , l i l : . :  F ’ . i l  
- k  

< k >  
~i k ’ I n  U 1 : 1 T : 1  A ° , ~~~ ( ‘ ~~‘. i i ’ j ’  h . A ’C:’I ’E n i - ~~~;

A~~p T . ;  (,i1, ’,’~ ;Tp,~ . F l  1 , 4 . 1 ;  h ’1 ,h AMe’~ 1:7 ~~~, 13km.  AS 14km k t’km

5
— . .’ 

‘ 4  ‘ 1 - p  
_:~_

‘ 
~,__

o. l ’ i ; ,l 0 . 7433 2, 4 4’, 2.0:20 4.5 .7 , 0. , :”7 0 0 . - I l l  1 . 4 ’  I .  4 5

0. 1 ‘4 ’  0 . 5, ( I I I ’  I - ‘ .I ‘ 1 ~ 5, ( ‘ 5 / . 44’’.’ 9) , 5 ‘‘ 0 . 5) 4 4 4  1 - I 1: 5 1 .

~‘l 0. ( - ‘II. 0 .5714 4 - ‘ . ‘; 4 ’  1 .  4 . ’ ‘ 1  2 . 4 ’  ~0 0 “7 71. ” 05 2 ‘ 5 ’  0. 51 1 7 70 4 : 4 —  144.
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confiqurations for each lanthanicli ; these values are re !uirr d ir. ‘L’~
intensity calculat1o1. .‘~~onq with the B and A . The forkm km krr
q0 = -1.150 and n = I l . )3~ 2 used in the intensity calculations ~re ‘ iver .

in table TV. These values were obtained in the fitting us1n~: the and

Er phenomenological B
k 

and the B~~~(:; q, r ) .  Also given in ‘ ‘4 3 1 ’? IV

.:lre A~~ fo r q0 — l and q1, = —0.9 with = 1 so that  r”;-hl’. --: ‘‘- r

arbitrary oxygen charge may be obtained by l i n e a r  i n t e r po l a t i o n .

TP.BLE I V .  AMPLITUDE S , A~~~ in cnI
”3 A k ~~ SPHERI CAL DECOMP(~ I TI OW

OF CaWO~, ~‘T ICE

0 8, 4, 1- 8 , , 44 5. 7, 5.

- 0 ,. U 4 N  I ‘ I ’ ’ ‘ - . ( ‘ S - ‘ 7 4 4 5 , . 5 3 ‘5  I S .

. 0  I ( ’ ~2 . 1 ’ .  2 ’ )  I ‘‘5)14 ‘5 ’  / . 7 4 / 5  241, 4 .. . 5

50 ‘.  . f l/ i l ‘ 4 5 4  1 1 5 1 1  j O , 4 ’  3 , 1 1 ’ ’ 2 3 1 — l . 4 ‘ 0 2 2  -~~ I ’  I I ‘ 1 3 5 —  , 4s0 

. ,. ‘ , , , ,  .‘ .. . is “ 5 s ; . ’ ’  5 ’ / / A , , ‘ U-’’ - 0..r 5’?. ., . 4 , ‘ 4

3. P.ESULTS AND DISCUSSION

The primary purpose of this work was to calculate electric dipole

transition probabilities between the Stark-split energy levels

for the triply ionized lanthanides in CaWOI,. A large number of

experimental data is available for comparison as given .2~~3* In

obtaining the transition probabilities , phenomenological B~~ for Nd, Er ,

and Pr in CaWO , were obtained by fitting theoretical to experimental

energy levels (table I). The B~~ for Nd and Er , which were obtained by

using better data than for Pr, were then used to obtain a smooth set of

B~~ for all the lanthanides by using the ‘
k 

of equation (3) in the

p. manner described in section 2. Energy levels and squared—matrix

elements of the electric dipole operator , which are proportional to the

2L. F. Johnson , J. Appi . Ph y s . ,  34 (1 963) , 897.
3rxnald E. Wortnian , Clyde A. Morrison , and Richard P. Leavitt ,

O’ptical Spectra and Analysis  of  Pr 3’t in Ca WO1 , Harry Diarcnd
Laboratories TR— 1 726 (, Vovexr ~ber 1975).

•See Annotated Bibliography--Experimental CaWOt 4 Data.
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electric dipole transition probabilities , were then calcu lated , and all

these results are qiven in tables V to LXIII. A comparison of

calculated to measured energy levels for the lanthanides gives some idea

regarding ‘he reliability of the odd-k A
k ~hich were obtained from

lattice sums. The theoretical energy levels for Nd , Er , and Pr , for

example, are within 5 cm 1 rms of the bes t fi t m s  values given in

table I. A better test of the transition—probability calculations would

be a comparison with publ ished 2 ,3’
14 
experimental data .

In tables V to LXIII , the energy levels and quant ities labeled
transition probabilities were calculated by using the parameters given

in tables I to IV. The quantities labeled “transition probabilities ”

are the squared—matrix elements between initial and final states , M~f:

and are related to the oscillator strength by

8~ 
2v

= . (4)
if h if

In this expression, is the frequency difference between the initial

and final states. Also in the tables, the notation is that an energy
level is labeled by twice the crystal quantum number , ~~~ . Thus , ~‘; = 0,

1, and 2 , for example , correspond to r 1, r 3 I 4 ,  and r 2  levels for even

ions (N even) in the notation of SI4 point symmetry . For odd

H ions , I I  = 1/2 or 3/2 corresponds to r 7 , 8  or 1’5,6 levels, respectively.

Man~’ quantities that are not listed in the tables, but are important in
analyzing properties cf laser materials such as stimulated and

spontaneous emissions and cross sections , are proportional to M2 through
the oscillator strength . These properties can now be compared with the

~~~‘ ~~~~~ known optical properties of the lanthanides in CaWO I4.

F. Johnson , J .  AppI . Phy s . ,  34 (1963) , 897.
.

5 
3fbnald E. Wortman, Clyde A . Morrison, and Richard p. Iaavitt,

Optical Spectra and Analysis of Pr3~ in CaWO~ , Harry DialrGnd
Laboratories TR—1 726 ( N ’. v ’ ’I I h s ’r  1 9 7 5)
•~~~ Annotated Bibliography-—Experimental CaWO& Data.
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A given val ue must be multiplied by a constant and the cube of the energy dif—

fererace between the init ial  and final state, for example, to obtain the s~~ ntan.ous
transition probabil i ty .  These values were obtained by using the pa ramPter. g iveai
in table, II to IV.
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8A given value must be multiplied by a constant and the cube of the energy dif-
ference between the init ia l  and final state, for example, to obtain the spontaneous
transition probability. These values were obtained by using the parameters given
in tables II to IV.
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5)53 given va lue must be multiplied by a constant and the cube of the energy di f-
ference between the initial and f inal state, for example , to obtain the s4tx ntaneous
transition probabilit y . These values were obtained by using the parameters given
in tables II to IV.
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CA given value must be multiplied by a constant and the cube of the energy dif-
ference between the initial and final State, for example, to obtain the spontaneous
transition probability . These values were obtained by using the parameters givenin tables II to IV.
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aA given value must be mul tiplied by a constant and the cube of the energy dif-
ference between the initial and final state, for example, to obtain the sp~ntaneouaL transition prob ability. These values were obtained by using the parameters given
In tables II to IV.
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given value must be multiplied by a cOnstant and the cube of the energy dif—
ference between the initial and final state, for example , to obtain the spontaneous
transition probabili ty.  These values were obtained by using the parameters given
in tables II to IV.
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TABLE X IX . SQUARED-MATRI X ELEMENTS PROPORTIONAL TO T RA N SI T I O N  P R OH A B ILI T IE S  FOR
IN CaWO~~
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aA gi ven val ue must be mult ipl ied by a constant and the cube of the energy di f-
f.renc . between the ini t ia l  and final state, for example, to obtain the spontaneous
transition probabil i ty.  These values were obtained by using the paramet.rs given
In tables II to IV.
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TABLE XX. SQUARED-MATRIX ELEMENTS PROPORTIONAl, TO TRANSITION PROBABILITIES FOR
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aA given value must be multiplied by a constant and the cube of the energy dif—
ference between the initial and final state, for example, to obtain the spontaneous
transition probability. These values were obtained by using the parameters given
in tables II to IV.
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TABLE XXI .  SQUARED-MATRIX ELEMENTS PROPOWtIONAL TO TRANSITION PROBABILITIES FOR
pm 3

~ IN

P 5 5 S ~~~ , I S  ‘ . ‘ 4 5 S 4 1 5  / 5 3 s 5 , s , I . 1 ’’I ’ I I ’’ 7’ ‘S

F 15 ’ I l  5 5  5 4  s’ S  / 1  l’ l’ I I
6 5 4  6 3 4  “ S I  ‘s I S ‘S I ’  5 5 5  1 5 6  ‘ 5 S ’  5 1 , , ‘ . 5 7  ‘ 5 7

. 5 3 . 5 . 5 ‘ ‘. 1 5 5 , 1 ( 7 .  • 1 , 5 , 5 4 1 1 , 1 ’ . ‘ 4 7  , , 5 1 / , ,~~~~~5 ’ ~~~~~I F .  7 ’ . , l I  4 . 5 6 ,  f I 5 ’ .~~~’. , ’ ‘ 5 5  1 . 1 ’ ’ ’  11 i . 5 S 5  ‘54
S . , , ‘ . ‘ ‘ S S  5 S . S ’ . I  I S ’ s  ‘(_ s , I, S S / ~~~~~~~~ , . , , 5 5 / , 5 , ‘I 5 , ~~~~ ’’. ‘ . 1 5 4 ’ ’4  , . 5 ’ ’ S 3 3 1 . .’ ’’ , S ’ . I ’ , S S  / 5  5,’.Sl’ 1 5

I , 5 . 5 5 ’, 5 , S 1 , I ’  / ~~,l
’
’ 1 1 5 , 1 * 2 ’  1 1 . 5 ‘~~~~~‘ I . ’ ’~~ ’’’ ‘1 S S . s ’ 5 1 4 1 , ’ ’ , I S  5 5  , 1 S S I  ‘ , ‘ / , i I  51 /1 / ’ ..’~~ ’ / 4

5 ,~~S I ’  ‘. I S l S  57 5 , ’ S ’ l ’S 5 . I I S  ,s . ’, .~ . , , ‘ S ’ , , 1, s, ’ I  ‘ l S ’ , , S s  5 .1 ,‘ . ( / ‘ l  4 1, 1 , ’ ,, 1 5 5 . 2 , 5 5  .5 I , S I 4 S
5 1 5 5 5 4 .. . ‘ I ’ ’ ’ 5 ’ ( s . S S I ’  ‘ S S  • , s I . .~ I . 5 ’  “1’ ’15 4 5 , 5 4 5 5  5 5 . 1 1 / 5 1 4 5 , 1 1/ S , I ’ l l  ‘ S I . ,, 5 ’ , ’ 1/ , .4 5 S 5  ‘‘ 4 1, ,OSF
: 1 . 5 1  I . I 1 I S  ‘ S , ’, IP. S 1 7 4  I I I  ‘ I / , l ’ I .  0/ S. S S I I ’. . ? , 5 ,~~~~3,~~~ , 5 5 5 5 5 1 , 5 1  .5, 1 , 4 5 5 ’ , ’ . ./  . , , ,~~, S / , 5 5 , ’ ’ I , l ‘ 4

I S I S ,  , ‘ , , 5 3 5  , 5 , 7 5 5 5  1 / 5 , 1 , 5 1 1 .’ I . ’ ’ I f l  , 5, S ,5 5 ?  I’S , . 1 4 . 1 4 , ’ , ” ’  O ’S I ’ , .’4 I 1 1 / . ’s ’S I  . 3 ‘ , S ’ ’ , I 5 3 4  5 , 5, 5 7 1  5
4 5 5 5 5 15 1. 1 , ’ ‘I S I , , ‘~~, 5 , ’ ) 5  , ‘ . 1 *1 3 4 1 . 1 . 5 ?  ‘ 1 5  5.1 , 55 ‘ 4  5~~~ 5 I ’ ,S ’ S ’ ./,’’,I U I  ‘, .s’, S S  / 1 1 5 , 1 1 1 5 1  , I ‘ . 5 , 5 ?  , S  .. 5 1 1 1 ‘ 1
1 5 5 3 1 1. S S / 1 ’ I  S . l 5 / I  , 4 , 5 5 5  554 4 , ’’ ’ s.I “ I S  . .‘‘ s ’ I S  l 1 . I - . I l ’S . 1 . 4 3 2 5  4 4 , , 5 I ’  5 5 7  

~
,“ / I S ‘1 .5 5 _ I . 1 5 ./I ’ .’ ’ ’ ’‘ 5 5 5 , , 1 ) 5  ‘ 5  ~~~~~~~~ (1 S l . I ’S /S ,’ l ,~~. S I S  S 1 . 1 1 5  / . ‘ I. S I S ) 5 I , / , / S I I / ’, , I s S l  4 5, 5 5 / , 5 5 ,, 15/~

5’. S t  S .‘ . ( ‘ 5 3 ~ 4 :. 5 ’. ’ s  I / S  1 , 53 4 4 S , S * , s  ‘ , 5 , 5 S ’ S S  ‘ 4 4 ,  S 4 5 5  / 5 , , ., .’ S ,  ,, S , I/ ’ l  55/ ).51 ,’ , ’ ,4 5 ,,’ 5 5 5  1/ 5 , , . 1 5 5  <5 S)
S’s S I i ‘,,S S S S  02 / I ’ l l  ‘~~~~1 , 

5 1 5 5 ‘ 5. 5O.( ’ I .’,I ’l I ‘ .7 , 5  4 ‘ . 51 , 5 ?  ‘1 0 1 , 5 5 1 1 4 S,. 5~~~5 5 7 / ,’ . 1 , 5  , 5 5 , 4 ’ S I I  / 5
5 7  S I  1 ‘ . 3 5 3 5 , ,‘ 5 , 5 ?  I Sin 5 , .. 5 4 5  ,‘ . 5 . 3 / 3 5  0)  4, 5155? 5 . ‘ . ‘ ‘‘ .5 5 5  5,,/4 ’Il 0 5  1 . 1 1  5 5 5 5  5 .  ‘ , 5 5  ‘I . 1 5 1 1 5  ‘5/ 3 . 4 1 1 1
1 , ! ‘  1 . 4  5 ’ . 1 / S ’ 5 4 5 ‘315 4 , ’ S l S  ‘ , I l , O , ’ l  ‘ “ I S , 4 ’I5 / l .’ 3 . 4 5 ’ , S  1 4 ’ , , S 5 , S  5 )S ,/ , s,, ’ S S  ( 4 5 , ,  33 ~~~ I . 14 ,’ S ’ , , ’ / S I / ’  1 4
1 7 5 , 1 5  5, ,,S. 3I I ‘.5 1 5  (II I S ’ 4 1  02 I ,,‘ ,‘‘, l ’ ,’ ’ ,,’ ’S ’S I S 1 , l ’ ’ 1 5  5 5 l,,4,~~’ l .1 1 , 2 / I f  113 4 , 1~~~ S ’ ‘ 5 .5 , 1 5  1, / ,  ‘ I I  ‘ I,

5 5  5 5 . 5 5 . 5 ?  9/ 5 . 1 1 1 1  ‘ S ’ , I 4 1 ’  5 5 , / S I ’ / 7 . 4 1 ’  135 1 , I ,’,S  ‘1 1. 5 . 151 / 1
52 . 5  / 8 .4 5 6 3  ‘ 1 1 . 19 3 1 0. . 7 . 1 1 , 5 0 5 1 , 5 ’ S ’ ’ ’. 5 . 4 S ’ 1 ’ 4 U . 5 1 s f  .1 ,’ S . l l s ’  ‘~ ‘ , 5 5 5 ’  3 5 . 5 5 1 1 ’  1 , 1 , 5 1 4 5  5 1 ,, S I S  ‘11
7 / .  . 5 / I .  ‘ 1 . 1  * . , / 1 4 5  (II l , , , 1 4 5 157 5 . 1 l ~ I S S  Sl’ I 1 , S / 7 S  0 /  5~~ 5 ’ ’ , ’  4 5 , 1 , 5 1 / 3 ’ , ,  I I ’  - 1, 1 1 1 1 ’ S ’  . 1 , 5 5  ‘ ‘ 5  4 , 5 55 ‘13.5  5 s , , I 1 1  4 3 . 2 1 1 ’  5 ,‘, l ’ , ’, S * 4.1’ / 5, ‘ SI IS, 14 ’l ’ I , , 5 , 5 5 ‘ - , ‘. ‘ 5 ’  / 5  , , ‘ , ‘,~ . 4  6 . 5 ’ ’ ,’ 1 . 5 1 / I  4 5 , _ 5 5 5  I I
5 , , 1 3  ., S ‘ ,S  4 5 5 ~~~77 6, 5 55 ,4 5 . ’/ S I  ‘ 4 , ‘ , S s . l l  . 1 7 .1, 1 1  

‘3 5 5 . / S ’ S  s / 4 5 , 5 , ’ S . / s , S . ,’S ‘ l l , ’S S / ’/ l  / 5 / , , / S I  ~I,
67 5’ , 7 45. 4 3  S ” 4 ’ ,5 , I s  43 5 ,  I S ’ S  1’, 7 , 5 1 1 1 ’ S  . 1’ , . 1 . 5 1 , 455 ‘15 3. 55’ . , 4 4 , 5 , 4 ’  .1/ I . I 5 5 , 4 1 , 4 5 S ,11 I I  i , s, lf , 1 11

I S )  . 5 7 3 5  . 5 1 , / 5 5  C) 5 , ’.I f  S 5 . 1 5 5  ‘4 4 . 5 , 51 5 1 , 5, ’’ 4 4 . I S ’  4 5  1. 5 1 . 5  I I  ‘I , 1,.S , 5 03 ‘. 5 5 5  ‘ 5 1 , 1 ’S 01
‘ .1  4 7 . I 5 6 S I , , I ’ S / / ’ , s s ’ , , . J I  ‘ . 4*  II 1,~ 4. , ’ l l  1 Y . I , s . S  ‘ “,S l ’ ’ 4 1 ,  5 4 4 5  4 “ , 4 ’ I ’  (I i 5 , 1 5 5 11 S ‘ / S 5 . 3 7 - I S 02

l . 5 S S  1 ‘,~~~l I , S  1555 1, 1 5 1 5 1 )1 3 ,  5 4 ,’S SS 5~~~~, 4 5 , 5 1  1 5 , 1 1 , 4 5 1  1 3 , 1 4 1 ’  / 4 1 . 5 5 5 7  / 5 , 5 , ’S , S ’  4 1 . 415 ’ ,., ‘., ‘s 5 5 5  1 5 ’ , ’5~5 5 ’ 0I
5 5  5 1  41 ‘5  15 4 5  ‘.5 “ ‘ I ‘~~I “~~

.5 7 6 ( 3  ‘ 5 1 1  ‘ . 5 ’  5 5 5  I S  51 5 5  I ., 5 / S I  5 5 3 /  ‘ , I  4
, SI I ‘ . 5 5 5  5 , 5 4  I 3 ’ ’ - . ( ’ ’ sS ‘ I , ’ S . , 5 ’ . 5 ’ ’  ,‘4 ~~5 5’5I ‘ / 7 , 55 1< , ) 5 , 5 . / s S  ,,‘ 1 , 5 1 , l  4 7 . 1/51  . 1 , 5 1 1 3  4 I I ’ S  0 5
5 ‘~ 5 I ‘ ‘“ 15 5 5  I . ?  05 4. 55 . 5 ,’ S , 5 4 5 5 ’,5 7,4S S’ ‘ . .‘ 4 , 1 5 1 1  / , ‘ S , , s ’ ’ , S / 5  7 , 55 , 5 5  U I 1, 17/ 5. 155 (5.6’S,, 04 S , 4 I 1 ’  0/

SI S ‘.4 . 17 / 1 , , S , ’I , S ’  ,‘ 5 , ., l ,’ S ’ 1 l , ’ ‘ ‘ , ‘, I ’ 4 5  07 2. ” 5 /5 l /’ / ) s I ,45..lS ‘SI  5. ‘ 7 1 1  4 , , , ‘ l I l  I I ,  3 , 75 07 / .  S / 1 1 , 4 5 , 5 1 4 1 ’ I,
1 . ’ 6 5 3  5 , 5 1,5 5  ‘ l s , 5 7 1 , S . 1 ) 4 5 ,  ‘Ii. ,’ l / ,’ S , S I . I I  ‘ 5 1 , 5 5 / 5 1 )  l , 1 ,’ I  )/ 5 , 5 ’ . 5 5  5 ’ . , S S S I  , I , I S ,I 5  1 5 , 1 ’  71 01 3 . 5 ( 5  1
i. SI~~~ .. , 5,S S S  45 . 1 5 1 5  ‘ . 7 S , 5  5 5 , ( ’ I 1 5 . 5 5 3 5  ‘‘I / , I45 S 4 S.1”lI I S  1 , 5 , 5 1  4 “ .51 7 ?  O S  S , 5 5 1 ,  , 1 /.755 ‘ ‘ 5 1 1 . 5 ’’  5
1 1 6 ) 1  , ‘ , l , ’ l S / S . , , S ’ ,  55  ‘ ‘ 4  3 ,5 55 07 I ’ S ’ S !  I / S  . 5 4 .5 14 5 5 , 1 5 1  “ ., S .’I’’ S l  I 1 . 5 5 1  04 4 . i ’ I,’’ 07 3 , 3 7 1 1  5 1 ’ I , S 5 5 f
4 5 5  5 3 ’ , .3 1 1 5  II ’S 5,5 5 ,1 5  ‘ / 4 , 5 75 1 J 3 ’ ., ”. f S S ’15 5,1 ,5 5/ “ I, ‘ . 5 1 1 5 1  ‘ I I  55 . 2 0 / I  ‘ ‘ S  5 . 5 1 1 1 05  I . ” , , S ,  02 2 . 1 . 1 0 1 3, 5 5 ’ S
5 5 ’ 5 5 5  l . 1, ’ 1 1  . 5 1 , 5 / 4 5  5 4 4 ,’ ,Sl SS ,OI l. ’.l, S I I “ . . 7 / l  5 5 , 5 / 4 5 4 3 , 5 7 / 1 5 _ ,’ 5 , S i ’ ’ I  4 5 ,5,,,,’, /1 5 . I ” l t /’s l. S I I S  S
,‘s 5 5 7 S,. S l S1 1, ,’ 4 . *U 1  S ‘ ,55 ,’ , ’ . ” 5 5  0 3 i , 505’ ’S4 ” , 5 4 4 S  07 1. ’ , , ’ ‘/ 5 1 . 4 1 , 1  7 f • 5 5 ’ ,f / 1 5 . 5 5 ,  / 7 . ” S I f  14 6. ’ ’ , ’, ’
/ 1 S I 5 5. “71 15/ 7, 35 7 3  13/ 1 . 4 , 5  4 5 . ‘1S5 I 02 I. l I l t  03 5 . 5 ,  5, ’ l  0 5  ;‘ . ‘ l I l S ’I 4 5 ,  i / I S  5 1 , 51, 5? II 1.55 1 , 5  01 l . I S ’ ’ ’,/
5 , 5 3  7 . 1 , 31 / f  5, 6 5 5 1  06 5 , 1 1 1 1  I , )  4 . ’,’55 ‘14 ‘, / SS, I I I  5 ,555 , 1  ‘ 5 5  7.63 7 1  .1/ I . ,’/’ S 1/ 5 ‘ . 1 1 5 ’  / 5 7 . 5 ~ 5 5 5 5 3  3, . 5 7 1  l’ 5 7
S ’ S 3 3  7 4 ./431 I ,’ 7 . 5 1 0 3  0/ I , 4 S I S ‘ I S  L . ’l S ’ 5 I ’1/ h , ’, / 5 S  ‘ S  5 , 1 , 11 / 5 5 , 5 ,1. 5 3 5 5 . 5 5 7 1  , s ’ 5 . s s s ’  ‘ s S  ‘ S . , , S S  I,’ 1. 5/ ’
S I  ‘I I  ~‘ ,, I 1 0 3  . 4  6.5 1S5 05 1, 4 ~I5 / 4  4 . 1 1 4/ 1  ‘54 5~~~ s S 5 5  ‘4 5 , 5 4 5 1  1 5 . ’, I S I IS/ 1 . 1 1 7 1  4 2 . / 1 3 5  ‘ 1 3  ‘.2 . 15 1 5., 1’? 11,
1 . 6 5 8  I , 4 5 1 S 1 , 5  S , , / 5 3 3  0 3 3 , 4 4 1 1  ‘ 4 .’,7,f (f 114 5 .,‘4 5 1  ‘14 I , 1 S 4 5  14 5 , 5 , ’, I I  ‘‘2 1 . 1 4 5 5  ‘15 ‘ . 5 , 5 1 5  ‘I I ’ . ‘.5’S O S  I . l ’ ,Il I
* 7  ,( ‘ 5 . 5 7 / 7 5  3 3  3 .5 7 61 / 1 ’ , I . ,‘ l 1 S ’4 1. 11 Sf 05 5, ‘5 45 5 7 .6451 1 1  I.~~,’sl I’ S  S , s ’/7 / S . l  / 7  5 . 1 / I l  1. 2  . ‘ , , ‘ s , ’f ‘ 14  3 . I~~ 5’ S
1 5  “ 5  IS 2 0 5 1 3 5  51’ 5 . 3 155 ‘ 4 5 , 1 45 0’S 1 . 0 5 5 l~~ 51 1./P SI 51 3 . 5 7 1 5 11 2 . 1 5 6 5 07 / , ,‘ l /S  0 /  1. 5 5 1 5  ‘S S S ~~~I ’ - 4 I I S 1 .5 10  5
‘12 51 2 , ‘ , / S 1 1 1  1 / )  3 . 3 0 5 5 5  .11 4..’ S i l  3/ 5 .5 5 4 1  14 4 , 1/ 7, 35 / /  • ,~ ‘S, l I  05 ‘5 . 7 4 1 5  0/  3 .8 163  115 1. 4 1 . 1  11/ 4 . 1 1 7 1  ‘ , 5 , * ’ S l I  ‘
‘54 ‘.5 7 . 7 / 5 5 5  .5  S . 7 3 3 3 1 02 l? .’ ’ S I I  0 5  7 ,7463 ‘ ‘ / 7. 15 ,55 5(5 7 ,4711 3/ 1 . 1 7 / S f  “I ‘ , 5 5 1 5  01 5, , .‘ SS 03 s . / 3 5 I ( s 5 5 5  ‘ . 1 5 5 5  1 5
S F  ‘. 5 5 5 , 7 1 5 5 ’  ‘5 ‘.55/ 75’ ‘IS 5s .61SS 155 1 .37Sf ‘ / 5 5 , 5  57 5 / 4  I , ,’ 3 3 f  ‘ I I  I .  1 7/7/ S . S I ’ .,’s’s’ 0/ 5, , i so  , , S  4 , 1 1 5  ‘I 00 . , 5/5 IS
‘ I s P  S 4.5 3 1 5  , , f , ’ ,’sI’II ‘15 45, 4’,,’S 1 5 1 . 5’1’31 ‘4 / . ” I .’l 7 2. ”471 1 1 1 ,155 1 ’,’ 5 , 7,1S, I S I  5 . 1 5 S f  3 5 1 . S ’ , S I  ~~5 5 , S ’S 0%
“ 4 5  ‘~S . 3 . I ’ S S S  “.‘ 3 , 5 5 0 ’ 1/45 7 . 5 2 4 F  5)7 1.1227, “4 5. 1 1 5 5  ‘ . 5 / , 7 1 7 1  4 S ., , l 5,t / 5  ‘ , .Ss / I S  /1)  1054’, 5 ’/3~~~~, / l  S 5 ’ U l  1. 45 03
S5 4 S7, / 3, I I S I ‘s ‘ . 7 7 5 5  1I ,” S . ’ ’ ,,’I  0 5 1 , 73 1 1  “ 5  . ‘ . S I S S  ‘ 4 I .0S75 0 3 1.1,411 1 5  5 . 5 7 7 / 5  00 2.4 5 5 5  I / S  5 . S S S S  /1, 1 I , I ’ , . ’1 0 3
455 , 1 4 5 .0143 . f 1 , 4 1 5 5 14 ‘.1511 0 5 ’.. 55 5 5  54 5 , 5 5 5 5  7/I. 5 , / I / I f  “ 4 5 . 3 / 5 1 5 5 . 3 2 1 3  5 6 4 .3 / 5 5 1  1/5 3 . 5  ‘ 1 7 1 4 5  5 , 14 1’ CI
70 U I  4 1 , 4 5 . 1 5 1,5  I .  ‘. 4 5  ‘ 14 5 . 14 111 5)4 ‘ . 4 , 5 5 5  0 3  / . S , 5  ‘5 ‘I I  5~~~5 /35 5 ‘/4 4 . 7 7 1 5  07 1.4661 07 5 .4 7 1 1  51 1 , 5 5 1 , 5 . / I  I 3 , 5 / I f  3/

4 ‘I T  4 1.5 3 4 5  7 / I  , , 1 1 5 ’  ‘55
S ‘, I  I 1.4 4 5 ’  i S  1 . 1 1 1 ’ , I

‘55 S 5, 55 5 1  ‘5’ 7 . 5 5 1 ’  54
3 2  5 3  1 3, 8181 s I  , , 4 ’ I l  , 15
5 4  5 3 5, 5 , 3 1 5 1  / I 5 , 7 5 ’ .’ ‘15
5 ) SI S 5, 4 . ’ S ’ l , ’ , , I I ’ , 05
(5 ’. 63 I . S I 7 ’  1 5  I . i ” I ’  1 3
75 ,5 4 5 , 3 1 ) 1  1 5 1 , 5 5 5 ’  “I
2 8  S I  7 5 . 5 1 6 1  S I  / , 4,’ l I  7 / S
25  ¶ 3 5 I.5 ’~4’ .~~ I , I I S’ I I
31 ‘ I I  7 7 . ’ I S S  ‘ 1 5  ‘ /5/1 5
55 3 3  7 ,, ‘, l SS I S 4 , SS, ’ 1/
3 1 5 3 8 4. 1 113 12 S, 5 ” I l  / 4
I) 5 5  1 . 3 1 1 ’  1/ 4 . 4 5 1 ”  57
6 1  5 3  ‘3 5, ,45 s I I  5,,5’I 34
88 ‘ I I  55 1 . 5 5 , 5  ‘ 5 ‘ . 1 5 11 ‘ ‘ I
52 53 2 I .~~ ’5 1  ‘ I  5 , 1 4 ’ S  ‘ 4
¶ 4  51 (5 ,.S1’I t .1 /, S ,’ *5 5)5p 6 7  .3  3 1,310 1 IS I ‘.lSS’ S O S
557 61 S 1.03’ S 1,1 45. 1 7 / I S  ‘‘4
4 7 1545  2 ‘5. 1 4 5 7 ‘ I 5 3. S I P S  ‘ I
44 545 1 5. 1 5 7 1  ‘ 5 5 . 1 5 5 s I I
46 53 4 . 7 1 3 5  I .  4 5 . / S I ’
10 55 4 ., •4~~1 S ‘ .15 ‘. 5  I I

a
A given val ue must be multiplied by a constant and the cube of the energy dif-

ference between the initial and final state, for example , to obtain the spontansous
transition probability. These values were obtained by using the p..rameftrs given
in tables Zr to IV.
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T?IBLE XXI I. SQUARE D-MATRIX ELEMENTS PROPORTIONAL TO TRANSITION PROBMILITIES FOR
IN CaWOh
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A gi ven value must be multiplied by a constant and the cube of the energy di f-
ference between the initial and final state, for example , to obtain the spontaneous
transition probability. These values were obtained by using the parameters given
in tables II to IV.
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TMLE XXIV. SQUARED- MATRI X ELEMENTS PROPORTIONAL i’O TRANSITION PROBABiLITiES FOR
~,,3+ IN CaWO,~
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A given value must be mult ipl ied by a constant and the cube of the energy dif-

ference between the initial and final state, for example, to obtain the spontaneous
transition probabili ty. These values were obtained by using the parameters given
in tables II to IV.
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aA given value must be multiplied by a cosnstant and the cube of the energy dif-
ference between the ini tial and final state, for example, to obtain the spontaneous
transition probability. These values were obtained by using the parameters given
in tables II to IV.
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p ference between the ini t ia l  and final state, f o r  exa mple , to obtain the spontane ous
transition prob a bi l i ty .  These values were obtained by using the parameters given
in tables Ii to (V.
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~ given value must be multiplied by a constant and the cube of the energy dif-

ference between the initial and final state, for example, to obtain the spontaneous
transition probabil i ty.  rhese values were obtained by using the para t.r. given
in tables II to IV.
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transition p ro bab i l i t y .  These values were obtained by using the para tera given
in tables II to IV.
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~~ given val ue must be multiplied by a constant and th. cube of the energy di!—

f erence between the initial and f inal state, for .xaa~’l•, to obtain the spontan.ouatr.naition probability. Thea. values mre obtained by using the par a t.rs given
in tables II  to IV.
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A given value must be multiplied by a constant and th. cube of the en.rgy diE-
ferenc. between the initial and final state for ezar~le, to obtain the spontanaous
transition probability. These values were obtained by using the p.ra J u.ters given
in tables II to IV. 
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given value rust be aul tipl ied by a constant and the cub. of the energy dii-
f.r.nc. between the initial and final state, for exaaçl., to obtain the s~~ntar.,oustransition probability. These values were obtained by using the p.ra t.rs given
In tables II to IV. 
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TABLE XLIV. SQUARED-MATRIX ELEMENTS PROPORTIONAL TO TRANSITIO I P)~~BABIt~ITIES POR
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transition probability. These values were obtained by using the pa rameters gipen
in tables II to IV.
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a 4 given value must be mult ipl ied by a constant and the cube of the energy dit-
4 fer nc. between the initial and final state, for example, to obtain the spontaneous

transition probability . These values were obtained by using the parai~~ters given
in tables II to IV.
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fer.nc. between the initial and final state, for example, to obtain the spontan.ous
transition probability. These values were obtained by using the parameters given
in ta.blea I!  to IV.
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* given val u, must be multiplied by a constant and the cube of the energy di!-

f .rence between the ini tial and f ina l  state, for example, to obtain the spontaneous
transition probabili ty.  These values were obtained by using the parameters given
in tabl.s I I  to IV.
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TABLE XLIX. SQUARED— MATRIX ELEMEN’rS PROPORTIONAL TO TRANSITION P ROBABILITIES FOR
)4~ 3+ IN CaWOt~
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transition probability. These values were obtained by using the parameters gi ven
An tablea II to IV.
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‘ aA given val ue must be mul tiplied by a constant and the cube of the energy di!-
!.r.nc. between the initial and final state, for example, to obtain the spontaneous
transition probability. These values were obtained by using the parameters given
in tables Xl’ to IV.
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TABIZ U . SQ~JARED-M~TRIX ELEMENTS PROPORTIONAL TO TRANSITION PROBABILITIES FOR
Ho 3+ IN CaWO~.
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gi ven val ue must be mul tiplied by a constant and the cube of the energy di!-
!erence between the ini tial and final state, for example, to obtain the spontaneous
tranaition probability. These value s were obtained by using the parameter, given‘1 in tables II to IV.
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In  I S  1 7 /  ‘ . 3 7,61 0 5  6 . 3 6 7 )  05 7 , 9 .1 ’ S 153 7 , 7 1 9 )  02 6 . 0 3 7 5  ‘ S 5 . 5’ ’l S  OP 1 . 5 5 3 5 1  07 5 , 4 5 0 5 5 3 05 1. 186)  05 2 . 4 1 S F  I / S  5) , 5 5 5  0 5

41. 48
IF 59/ 2 4) 1/ 7

2 1 3 5 ’ . S 4 5  ‘,.s ’ 5 4 5 3  C S  3 . 556) 03
4 1 3 3 5 / /  5 , . 5 7 5  5 .5 0 , 6 3 5 1  05
3 4 5 3 3 / 7  5 ./256 55 “13 6 .2341 0/
6 l 5 3 5 ~~7 5. 540) sIS ‘3 , S U F  01
‘3 4 3 3 5 / 2  ‘.6,5 45 ,S 3.503) OS

52 4 3 3 3 / 2  I. 35  75 ssl 2 . 2 0 3 5  02
54 4 5 1 1 / 2  5. 4563 1 5  3 ,8 1 1 €  0 3
3 6  4 3 3 3 / 2  ,‘ . S ’ , / S  5,1 2 . 6 9 S F  O S
I I  * 3 3 3 2 /  1.5545  513 7.8661 .14

: 5 4 I 3 5 I ‘S 5, 34 iF 02 7.007) 05
22  . I S /  ‘S 3 . s ’’S I F  S 45 4 .3 6 3 )  157
/ 4  4 5 4 / , ’ 5 , 751s5 I ) 5, 5 6 . 3 6 8 )  Cl
76 4 S ~ 52 45. 5) 75 553 3.3~~76 03
7 7  I I  3!? 5 .  3 10) 05,3 7.850) 08
28 II 9/? 45.0/4) 151 7.2911 02
5 0  4) 3/? •‘. 5 l 4 r  114 4, 047) 01
3 3  *55  3 1 2  7 . 3 5  35  ‘ . 5  7, 803)  00

— 15 ‘__ ‘_ 55 
03 7 5 9 3 3 / 2  2 I.’~~5 ?S I, s 5  4, 7 0 5 )  0?
58 2683/2 2 5 . 6 ’S) )  I 7 5 , 2 09) 03

‘U I I I  7 p 1 3  ~ 7 7 5 . 3660 5 5 3  I .4~~6) 0 3
60 1) 7/1 3.7 325 05 2.5831 (51
43 4) 1S7 7.4735 01 0.805f’OI

¶ 48 I F  S / /  / . I ~~Sf - I 4  2.640) ~7
I )  6) 3 / 2 / . 6 4 0 5  02 I .Sl4 *~’3S

I
~ 

aA gi~~~ value must be w~ultip li.d by a constant and the cube of the .nergy di!-
S 

~ i~~ence between the initial and f inal state, for example, to obtain the spontaneous
twwition probability. These values were obtained by using the parameters given

‘ ~ Am table. XI to IV.
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TABLE LVI . SQU~ RED-MATM X ELEI4ENTS P~~~POWUOt~AL TO TBM4SITIOW P~~~ ABILITIES FOR

: ~~3+ IN CaWOh
5

C 0 5 . ’ ‘ ‘5 ’ . .  ‘ 5  , ‘ . 5  5 / 5 ) 3 4 5 .. 5 ‘ 5

. I ‘ 5 • 5 5 ,  5 ,  5 ‘ 5 ’ 5 4  ,5 5
. 5 5 ,  4 5 5 , 5 ,’ .5 5 ’

~
S ’ ’ . l C ’ ’ ’ 1 ( 5 5 5 ’  • ‘ 5 5 5/ ‘ I L l S ’  1 5 5 5 5 )  1 ) 5 5 5 ,’ 4 3 : 5 4 5 /  .: • 1 5

I • I 5 ’ s I ’  / , . 5 ’ . , 5 5 , ’~~S’  . 54 ,1 , 5 1 5  5, 5 , 5 5 / .  3 5 , / 5 ~ I . , , , , s , 5. 5 5 7 , 5 , 5 5  5 ., ‘,‘, S J I . , ,  5 5 , ‘l S S . S , , ’S . ‘. 4 , ’ S 5  ‘52
S . 5 5 , ?  . 15 , S ’ , 5 5 , ’4 _ , 5 ’ ’ ’ . l , S ’ . ’ ’. ‘,.S S ,  ‘‘  S. ’ ’ ., )5 , ’ .I ’S ’  ) 5  ‘ , , , l S I  0 5 ’  5 . ”’ , , ’ ‘ 3 S ’ . ’ ’ ’ , S ’ . , . S ’ I  ‘ 5 7S 7 4 5 5 5 / ’  5 , 5, 5 ~ ( ( S  ‘ , , S S I  , , , , ‘ , ‘ I ’ ,’ I , ,  ‘S S 5 . 3 1 , ] s , . I  ‘5 4 5  1 , 1 ( 3 5  O I S , 5 ,’ S S  ~~~~~~~~~~~ C s 4 5 5 . L  5 3 5 , 5 5 5 7 1 ,5

S’ l S S ’ ./ , S . 5 5 5 ’ ’. ,, S ’ S . ’,’ ., 5 5  O ’ S , ’.’ .’ 57 ,’ ,’,4. 55 , ‘ / , / , 5 5  . 5  5 , / I F S  55, ’ ‘ . 5 1 1 5  555 5 . 5 ’ .’ . ~S 5 , ’ , Is :1’ S. , 3 S I  0?
C C . I S 5 /  ,‘ , , S I ‘ S ‘ 

, SI ‘5 5 . ‘ . , 5 . , I i . , 7.I 5 . S S , S 5, 5 l 3 , ‘, ~ 5 55 5 5 5 5 , , ,  ‘5  5 I) 5 4 , 5 / , 55 5) 5 ,I , . 1 , 5 ’  , 5)4 ‘ S ‘I ~ ‘ ‘4  I . S 305 /2 S
S I  .. S S I / , ‘ / .  5 .’1 1 ,’ , ‘ S , . ’, . , S ’ , I S 5 , , 5 ’ I ’ .. 5 , 3 1 5 1 ,5 r ,s 5 . s . ., . 5. I . II’ , 5 /3 ,’ , 55,  ‘ ‘. 6 . 5 2 2 3  4 5 , 5 5 ’ .~ , 1 5 , 5,7 , I i  ‘ 4
1 1 . 5 1 5 ’ ’ ‘., ‘, S l  1 5 , 5~ 555 5 f l ’  5 , 5 5 ~~ 5 155 . . S ,’O F ” ’ . . ” ’.. ‘ C s  ‘ , ‘ 5 .S / I ’ , ,‘ , “ 5 5  , , ‘ 5 , , 545 . ‘ , ‘ 4 5 ,  5 5 5 5 /4 ,5 ,5 5 55 5 ’  5 5 5
S . , . 5 5 S 1 . 5 , 5 ( 5 5  . 1. ‘ . . ; s ’I  5 5 5  “ . 57, 5 5 .5 , ,‘ , S~~ ’’ ’  0 3  ~~. 5 ’  .‘ / 1 ; ’ , . 5  ‘ ‘ . 1 I “ . 1 1 ’ ’ , , s ’ I , , ‘ S S S I ,’ sl ..S, I .  ‘‘‘

I S , I s . 5 S 5 , 4 5 ’, ’, ’ 4
5 7 4 5 5 5 ~~~’ ...S , l  . ‘ ,S ’ , ~.5 .1 ,, : .  I S ’ S, ., , 15 ,’/ f l S 7 ~, •5 , ’’ .5 3 , 5 5 1 ‘4 4, I’S S’ 4 5 , S ’ ,’sl “5 5 3 , 1 55’ l ’ .,’ ’ . .,‘S SS ‘5 4 5 4.545 / S ’ S
S I l l S / C  .., s 5 ’  5 . ,,‘“ 55 1. , 5 ’ ,, 5 5 5  (‘ 5 5 ,  5 ’ ’ S I, ,S S ,5 51/ 7 5 ‘1 7, ’ ,., ‘1 5 ’ , ,..’ .,., , .  5 5 , _ I U 7 ,’.Slss S 0 7 1 , , . . ’, S ‘/5 4 , 57,5 45

C 4 ( 5 5 / . ‘ ‘ , , . I , 5 , I , ’ S ‘ ‘ ‘ 5  5 ,,l 5 , 5 , 5545  555 5 , 15 1 1  / 5  5 ,  55 ‘5 ,5 / , ‘ , S I  / 5  5,45 5. , S / ’ 5 , 5 5 4 1  5 5 5  6,I 5 5  ‘ 5 5  4 5 , / 515 7

‘
S 5 4 5 55 ’ ,‘ , ‘“(S ,/ ‘ .5 1 ’ ’  fl 5 ‘., ‘ “‘ ‘ ‘  ~ /, S55 .’ I ’  fl~ ‘. 1 4’ 1 / 5 ’ , ,’ ’ 5 ’ 5 ‘ .5’ , 5 5 ,,,‘ 5 5 5  5 5 5  5 , 5 1 5  ‘ I I  ,1 , 4 5 7 5 ’.4
‘ 5 5 1 5  5 / ,  ‘ ‘ . 5 ’ . , , ,5 ,S , , S ’/  . 57 5,, ’. SS I.’ ‘ ‘ “ ‘ I ’  .1 ,’ 5 , 1 5 5 1 ’ / S S .  ‘ . 5 5 1  .505 555 . 5 5 , ’) 5 5 , 1 5 ,  I ,’ 7, ’ ‘.I ’,/ 5 5 S , I’,~~’ .4
7 5 5 _ S 51 , 5,, 5 ’ , I . . . S ., ‘ /

~~~~
/ 5 C .  II ’S ’S  5 , 55. S5 S ’ 5~~~~~

,. i 4 5  O S  ‘ . 1  5 1  1 5  5 , 5 5 / / s  ‘ / 3  ,,Sls. 5 O S  ‘,.‘ 3 ~~I “S ,5 ,45 , S .. 4 4 ,,’ ’SSS ‘ I
55 6! 5 1 ,. 5, 5 .51 5 ’  74 7 .59 ’,S 0 3 5 ,  7 1 5 1 5 , 5 1~~ , C ,’ ,,,‘,‘ ,‘I 157 5,7 5 5 , 5  5 7 , 5 5 , 4 5  1 4 5 ’ , . I S I  55. ,~~, 5 , ’I 3 5 4 .’. sS “S 5. ’ S TS (.2
72 ‘5 ’ 5I .’ I ., S ’ 5 ,;‘ I., ~ ‘

,,S 157 5 , 5 5 ’ .1 ‘ . .S 5 5 , S ’ S  5, I 55 .5 3/ 7, 5 s ,5 I ’s S ’ , ,, 5,/Is I S . 55. ’ I 63 5.. 5’ SI 03 I ,’, 5/S C S  3. 531 55 ‘/5
IS, , 5 3 5/ C .‘ , . S 345 3 I ’ ..S s ’ , ’ .l  I . S I’ I 5 .‘ . 5 . ’S . ’ 55 • 4 , 5 ’ , S ’ 555 7. 6 ‘‘‘I “ .‘ I .5.. ‘S I ‘,‘ , .45 55 , 5 5 5 45, 1,. 5’ ‘ ‘5 0. 5 ‘ , S (57 3, S/ I ‘/5.
S i  ‘ ‘ 5 ~~ l ,’ / 1 . 55 , 5 5  / / S ,,,, ., 5  37 5 , . , . S ‘/5 , , , 5 5 /  / ‘  5 ,  5 5 . 55 (50 4 .’. ,’S c S S I . T S ’ l S 5/ 5 , 5 5 5 5  15, ’ 5 , ’, 4 5 4 5 5  ‘, S 3 , 11 1 4 5 5  (545 3 . 5 4 4 5  5 , 5
S s , ’ l. S S l , , ‘ . . . . ,  ‘ 5 5 5 , . . 5 / ,, ’ 5 5 .55 , ‘ S I j  5 , , ’ s ’, S S ‘, , , S  (‘7 , ,, ,‘S I CI ,’ S .j ’ s S I  j S 5, ’s4, ’S 55 S 5 s ..’’I 5 5  5 7 . ’ ..,. , 51 5s55 6, S 5 5 I  555
I I 4 ~ S S 7 , 5 4 I S , I ‘ , ‘ S ’  I 5 , ‘. 55 U ‘ ‘ . S ‘. S . , , S ’ , ’ 5 ’’ .1)’ 1 . ,‘ S II D S 7 . 7 7” 5 5 5 ,S~~s 5  I I S . 5.7, 15 0 5 2 . 45 S SI ‘I 3 2 . S ‘. ‘,S ‘ . 3
4 .’ . 5  5 ? .  S . . ’ , 5 5 5 3 , 5 5 5 5  5 0 7  3 , 1 .l ’ , S . ~ . 5 , ’ 55 “ 5  5 , 5 5 5 5 5 / , ’ , , , , , 55 1/ 1. ’ . S . I  ‘ ‘ 5  5 , 5 / 7 , 5  I I I  ‘ S , ” / l , S / 5  5 . 5 . ’ 15 0 3  5 . 5 3 ’ S S  ‘. 4
I I  ‘ 5 ‘5 / ’  ‘ . 5 ’, ’’ ,. :5 7 , 3 S ’45  ‘ S 4 , 1 7 5 7  CC ‘ . 5 5 51 ( 5 5  .5 . . ‘ , S ’  5 ’, ‘ . C 5 5 5  /55 . 7 , 3 7 5 5  / 5  s .,,S , S S ‘ I .. 5, , ’ , 5 4 I  02 “ ., S . I f  1 /  4 . ’, I S I  53
4 5 15 5 / ,  , , ~~ S , ,  ‘ ‘ ‘ s ,l I s  I S , . s ’ 5 0 5 , , 4 ,~~5 l  ‘ S  • . S S C S  ‘ S s , S S , S  / 3 / .  5 7 .  ‘ . 4 5 ’ . S5. ’5 S ‘ 17 ’5 . 5 ’ ’ ’11 03 5 . ‘s , S S  5 ) I ’ s, J S s s C S
1 7 5 5 5 l 1 ‘ . ‘ S 5’  ,‘ 5 , . ‘ S S I  . S 5 , , ‘ I 51 3 . IC’ , S I ’S 5 . , . , s 5 5 , ,‘,/5 ) 7  5 , 7 5 / 5 4 5  , .1 5 I S 5’ 5 7 . 5 ’. ,‘ /  OS / . ‘1’ ‘S 04 6 , 5 , 4 5 4 3  OS

5 . •‘ S5 ‘ 5  , ‘ s 551 5 5  35 51, 5’ 4 5 5 5
.5 5/ 5 — I  55 .’ •‘ S / ‘ ‘,‘ S / ’ ’ .S 3 / 5  ••, I,,’ 455. 5 I / .5 2 . ‘.5 3 /2 2 2 55 5/ 45 45 IF 5 45 7 15 1/2

S 1 5 3 5 / .  ‘ ,‘,‘. ‘, S ‘‘ 45 5 , , I ,’S . S 5. ‘‘5’ , S ‘5 . 7 .’S S ‘ ‘ S  5 , 5 5 ’ , ’ . 4 5,5 1 5 5  5 5. 5, 55 , 5 1  1 5 ,557 5 3  05 5 .. ’ 5 5 1  01 ‘ .5 ~SsS ‘/5 7 . 5 7 4 5 3 05
S 4 5 5 ’ .~ s , ’ , ’ 4 S  , , 2  5 ‘ “ I ’ ’ l i . . 5 5 5  / 5 5 , 4 5 5 5  I’ S 5 , 5 7 , ’ , ~ ,( , , ‘ I , , ,  ‘ S  5 , 45. 5 5  ‘ S 5 . 0 4 5 5  1 5  1,,’ 5 5 ) S  O S 4 . 4 5 7 5  03  6 , 5 4 1 5 3 “ S
I I T S ’ ., ‘ . 7 ’ . ; ’  , ‘ 5 , 7 5 , ’ ‘5 ,’ ; , S s ~~’ . 5 , 5 , 5 4 5 5  ‘ I 59 . 5 5 ’  ‘ I ’ ~~~~~S , , , . 5 .  ‘ 3 5  7. S ’ , I l ’ l 7 ,‘ , “‘ , l S  . 1  ,‘ , ,~ S I 5 T , S ~~~.. I , 5f G 5 8. 5 5 5 ’  S’I?
5 ’ 4 5 5 5 / ’  1 .  5’’ s’ S . ”’. ’ 2 3 ’ .’’.~~~~~’ ’  )., ‘ I I ,  ‘ ‘ ‘  .5. 4, 5’ 5 5 / ’ . S l , / . 5 5 5  f l ’5 5 , S’ , 5 5  0 3 1, . i ’, ’ I  ‘ 4 5 5 5 3  ‘. 5 4 , 7 1 , 1 5  r,1 5, 17, rS 51

5, l ~~~~ 5 5 S S . ’ 5 ,  / 1 ,’ 5 4 ,’. s 5 S 5  ,4 ,’ , S I S I  , 1 5 , ,’ ’ s s ’/ 5 6 ,7 7 5 )  II ;’ I . 5 , 55 0 9 4 , 5 5 5 5  /5; 5 ,~~ S /I , S . 5 . 1 5 3 5 s j 5  S ,S s ç5 ~3 )3 ,~~7~~~~~0S

5 3  4 5 5 5 / . ’ 5 ,  ‘ “ S ’ S  S. , , 5 , 7 ,  I 5 5 5 . s I I ~~~~ l , 1  5 ,  ‘5I / 5 1 S • , 5 ’ 5 ~~S ’  S ,‘ . S S ,’I  . 5 5 , ‘ . 4 5 5 ’ S , l S 5 , 5 ’ , ’  5 02 1 . ,  , ,I 5  ‘/ s ‘ “ . 555 .5 0 3  6. 7 6 3 5  0 5
I S — S ~ S S , S . I 5 SI I ‘S ‘ 3 5 5 : 4 5 ,, ‘S 5/ 0 3 S , ‘ , 5 /5 /1 5 ,‘ , S s ”’ S L. s, 555 /5 , 5 , S 51/ 5 . S 4 . ~ ‘,s, S C 5 3 . 5 54 5 07 ‘5 . 45 ‘ 5 . 5 0 5 5 . ‘. ‘ / 7 1  ,, S

‘ 3 6 . 1 5 3 / ’ 5 , 5 . ’ 1 1 , 1 5 ’ S  .11 5 , 5 5 5 ,5 1 5 4, 5555 1145 5 , , ,  . 1 ,‘~~~~, 5 , ’ , ’ 5 33 5, S5135 C3 55 , sI ’,I 0 / 7 5,41.55 “5 ,1, S ,’ S S  5,/ 5. 5 5 , / S  045
3 3 7  4 5 3 5 / 4 5  5 ’~ 5 ’  ‘S  , S 5 .1’.S,S .15 5’ , . ‘ S I  .4 5 , 5 5 , 55 fl ,5 5 ,’, •, S ‘ S  ,‘ . 5 , ’ S S  , S S , ,’4 ” l 1/ 7 ,‘ . IT ’ S’ ,I 5 . 5 5 / I  1 ,’ 5, 4 11 ‘15 ,‘ , S45  O S
S 5 .5 , 5 5 5 / , ~ _ , S . S ~~~~1 / I  , / 5 4 5  1,45 4,5.5 7 5 ’ 5 j , / ’ .515 5. ’. , 5 5 . , ’ ’ , ‘~~~~4.45 S S S  ,5 ) / ,1~~’/1 III 5. 5 54/ . 5 5 , 5 9 5 5 5  ,,I 5 , 5 . 5 /.4 3.0441 01

2 0  ., I I S S’ . ‘ 5 . I S 5 /  Il ) 3 .75 5 ,’1 1 5 4 , . 5 .5 ‘~~ . , . 5,5 SF (52 5 . 1. 5 ” ’ ., ‘ 3 , 5 I’ll 5,’ 0, ‘1 5’ S . . S I . 5. 5551 1. ‘ 5 , 5 ‘171 5 /7 5 . 5691 Il
S . 1  5 / , I , .s S S 5 ‘1 5 . ’. ’I I  . 1 .‘. 55 1 1 5 , 5 5 / 5  C ,’ 5, ’, , ’ 4 1  (‘5 1 , 1 9 5 1 “4 5 , 4 5 4 0 5  I 5 .4 5 311 C . 5  O ,~~~7Q5 ‘ . 5 4 5 , 7 ,5 5 5  1(5 5 , 5 4 5 )  5)5

/ ‘s I l  4 / .  , , ( S l I  07 ‘ .‘.‘. S S  5 5 5 ,  T I ‘ 7 , 7 5 . 5 1 5 0 ,551’ “7 5, 15 ’ ,s ‘54 3 . 5 5 0 5  I 1 / . 1 7 / 5  U5 3. 5 55 14 ’s ,1/ ’If 0l ,S .17S 5 02
/ 8  .5  5 / , ‘ 5 , 5 5 , s  C ‘ , . S , S S , S  / 5  7 , . , ’ ,’ ’ 

, 5 1 , 5 5 4 1  ‘ 5 5 ,  ‘‘, I / . .1 ., , 5 5 ,5 5  ‘/ / 5 . 5 ’ . l (  O S  3 , 7 4 6 5  3/ 5 , 10)3 ’ / 1 5  5 , 7 5 5 5  ‘17 5 . 5 t 4 5 ~ 05
S I  ‘.5 5 /  3 . ,  5 ,  0 5  % , S 5 4 1  ) , ‘ ‘ . 5 1 5 . 5 ) , 4 1 S S C l  l . ,S I C. 5 4 , 5 . 1 ’  . 5  ‘ 1 5  5 ..’ S S ,  15  4 . ’. S S S  I:’ 3 . 5 5 3 )  n; .“4 ~~ / 1/45 5 . 1 s’S 03
57 5 1 ’  55 , ’ ,, , 35 .’F 0 / 4 . 5 5 4 5 ‘ ‘ S  ‘ S , S / S S  . 5 5 , 4~ 5 ’ I I  I . ,’ 5 .51 S I C / s , ’5 4 5 5  II ,’ ,1 ,’,j,’l 5 . 5  5 , 4 5 5 1  1,4  5 . / S I  C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
14 ’ s S ’  . 2 , ’ .‘ . .  5 5 . 15  17 “ . 5 ’  ‘I S ‘S  5 , ‘ 5 5 5  1 5  5 , 1 4 5 5 ’  . 5 5  1 , , ‘ I ’ 0? 3 . 5 5 4 5 5 45 5 . 15’IS . 1/ 7 . 5 5 4 5  I )  5 , ’, U / l I  C ’ ,  5, , , ’ 5 3 .1. 5 4 5 , 5 7 7 5  03
S 7 . ‘ — 5 I I ‘ ‘S I . S S ‘ ‘ 5 5 5 , S 5 5 5 02 ‘S , 541 ’ 5 • , ,,14 // / ’ , 5 • ‘ , , ‘ 5 55 I’, 5 5 , 5 15 55 5 5)7 7 . 5’., 0 5 5 . 3 0/ 3 0 3 7 , S I 53 02 ,‘ , S S SI 0 3 45. “ IOF OS
S 5 , 5 5 5 / I’ ‘ 1’ ‘ . I . 5 555 ,5 ,5 ‘ I / S 5 , ‘ I l lS I I ,11 5’ ,lC ‘13 5 .5 5 5’ 117 5, 261S F 03 I ..‘~‘S 5 1 ‘12 5. 355 0 5 03 3. / 5 5 1  03 ‘. “IS I’S 5.1 ,5 15 ‘4
45 45 Sf . , ,, I , , , 5 , 5 , 5 5  I S~~~~7 5 I  1 ,45 5 , 5 5 5 5 (57 5 , / s  ‘ , I I  5, 5 555 l/ ’,. S S ’.’ 51 7 / , S5’ ,I 5 ) 5 6 , 7 ( 3 7 3  5 ) 5 I,,,’ ’ ,FS /1/ 7 5 , 6 3 1 5 ’ S
1 4 5  ‘ / , . , , ‘~~ I 5  U I • . 5 ’  ‘ ‘ 5 ’  5 , 1 5 .  5 5 5 , , ’ s I .  / 5 /  ‘ . . 5. , ’ C 5  ‘‘ ,‘ ‘1 . 5 7 4 5  3/ 5 , 5 ’ C s ,, / . 5 7 ,’ I  “ 5 , 7 , 5 5 5 5  / 4  ‘ . 5 5 5 5  1,, I5, ’ 4 ( 5  I
I l _ s “S. ’ ‘ 5 , 5 5 5 5 / . 5 3 ., ..‘44I 0 3 7 , s S I .  . 5 ,, ‘, I 5 5  0 5 ,’ , . 5 ,’, ’ 1’ S. 5 , 5 5 5 3  1 / 5 , 5 5 5 5 5 . ,1 4 , 5 S 5 5 F ’/ S 3 , , 4 5 , 5  ‘II 5 . 5s ’ I I  1 / 5 5 . 5 5 5 9 5  (‘1
4 ‘ ‘5 ’ 5 / ,  5 , ‘ , 5 5 5 5 ‘5. 7 “‘5 0 3 5 . ‘ ‘‘ ‘ ‘• S , 5 775 5 II S I . ‘S 5’ I S ‘ l  7. 5 4 5 557 5 ,55’, 5 S 0? 3 . 55’ S ‘IS. 6. 5 5 51 5 C’ s’ I • 5 5 1 5 02 5. 5 5 , 5 03
4 7 .  5 S / , ., 5_, ,S , , ’ ,’ S ~ I 02 1 . 3 5 , 5 5  ~~j / , 3 5 0 l  C 5 4 , ’ ’ SI ’ ‘ 5 2 , 4 , ’ s I  0 2 5 s , ’ ’511 0 2 1 . I ’ 5 5 I  0 3 . ’ . 5 .1’5 1 0? ‘ .454 11 //45 I, ,’S SI C ,S

.5 5, . 5.1 I//

‘
I — ~~~~~~~~~~~ ~~~~ ~~~ 5 • 4555I 115
7 4 5 ”l , ’ , , 7 5 ,5 5 ’  .5 .5 , 175’,I CS

I — 5 3 6 / 2  ‘, 5 : 5 l 5 ’ , , ,  S 115

So 1 1 5 1 5 ’  ‘. 3 5 ’ S ~~~~~. S 5 , 4 s / S  07
3 3  4 5 5 7 , ;  ‘ . , ‘ / 15 . 45 ‘.7 5 5 4 5 155
5 3 6 5 5 51 / S. ’,47 5 , 5 5 , 7 ’75 S

55 . 5 5 5,, ‘ , . , , ‘‘ ‘‘ ‘ ,~ ,~~IS 5 S ‘
3 5  4 5 5 3 / 2  ‘ . 1 5 .5 5  5’ 5 . 5 4 5 5 / 4
3 8 _ 5 5 3 ~~2 ‘. 5 3 5 5  S 5 . 6 7 7 5  ‘/ 5
/ 4 5  4 5 5 5 / 2  ‘ , , , s S  I 5 , 5.5 I I
/ 3  5 .5  5 /  7 , S , ’ I S  fl .5 5 , 5 5 1 5 ’ I
‘S 4 5  ~~~ s ,  ‘ “ I I  4 5 ,)’S5 5 1

3 5  1’ 5 5 ,7 :
‘

~ ‘ ‘ 4 : 5 / 4
I, I , 5/ ‘ . , s’ 3 5 /  7 3 , 9 5 4 1  5757
54 , ‘ “ I I S , , .77 7 5  (‘3 ,, , , ‘ / 4 5 1  5

~~~ l 3 p  , ‘ ‘ I , S ’  ,‘ 5 , 5 , 5,5 S 3 ,47 43 03
. ‘—.,.,,,. ‘,_— ‘ , , ‘ . S I ,

.
i ,. 5 , ,  55 5 51 . 5 5 ,5 1 ‘5 .

‘l 4 5  1’ 7 / )  : ‘~~~ . 
~ 

.. ~~~~
44 4 1  1 1 1 , 5 , 1 7 5 , 5  5.’ 3 , 5 , 5 1  . 5
43  1 5 ‘5 /  • 5 ’ , 55 .7 3 . 5, SI S ’ S
4 7  I I  I t ’  5, %s 55 5 4 . ’ s S . ’, I 0,?

5
A given val ue must be multiplied by a constant and the cube of the energy di!’-

• 
!ersrice between the initial and f i na l  stat e , for example , to obtain the spontaneous
transition probability. These values were obtained by using the parameters given

5~ in tables II to IV.
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: TABZ2 LVII . SQUARED- MATRIX ELEMENTS Pk~DPOWfl oNAL TO TRANSITIO I P~~~BMILITI!S FOS

Er3+ IN CaW~a 5
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I I 7 ‘ 5) 3 5 55 , l I S  55. ‘SI,
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~~~~’.

’ s 05 . . ‘ ‘ ‘ ‘  I ~~5 s S ,II5.5 ‘/ 4 5  3 , 5 . 5 5 , ’ 5 5 1  ‘1*
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5 3 4 5 5 7 1 ’  5 . 5 5  3 I 1 5 , 9 S 5 5 ”I 7, 4545 . 4 5 , 7 7 55 / 5  7 . 7 5 5  F s ,, ..45 S 5 s 7 , 1~~~~ ( s , , 1 , . I 1 , S 5 , 5 5 5 ~~~~~~5 . ’ . . ’ ” ‘ ‘~~~ ‘I S 5. 5 .’’’ ‘ ‘4
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a.; given value must be multiplied by a constant and the cube of the energy di!-
g.r.nc. bet~~.n the initial and f inal state , for example, to obtain the spontan.ous
transi tion p r obabili ty.  These values were obtained by using the parameters given
in tabl es Xl’ to IV.
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. *r~~•St*.S ~~obability. These values were obtained by using the p.ram.tsss givesa•tmb4*en IX to IV.
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TAB LE LXIII. SQUARED-MATRIX ELEMENTS PROPORTIONAL TO TRANSITION PROBABILITIES FOR
m 3+ IN CaWO~~
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