


INSTITUTO DE PESQUISAS ENERGETICAS E NUCLEARES
Autarquia associada a Universidade de Siao Paulo

ESTUDOS ESPECTROSCOPICOS DOS PROCESSOS DE
TRANSFERENCIA DE ENERGIA RELEVANTES PARA
OBTENCAO DE ACAO LASER DO HOLMIO NO CRISTAL
Er:-Tm:Ho:YLF

LUIZ VICENTE GOMES TARELHO

Dissertagdo apresentada como parte dos
requisitos para obtengdo do grau de Mestre
em Ciéncias na Area de Tecnologia Nuclear

Orientador : Dr. Laércio Gomes

SAO PAULO
1995



9

Ty












SUMARIO









Cap. I



E;







T—'._—E-a T e R =

BT P SR T OB S 0 T S o DROR



Ts




[4.5]

[&]

Ty
H
'

k— i 0 ol

L ikl b

S8






-
-

(un{gp ) ogeruapy













SISTEMAS



12

L












114]

IS4 |






‘!l'rl 5]

4%

17



B



331N 24 ai, 25 A



3 F.]

i

s 8 R =
{ "V'[1) spepisuauf

=]



Ci 0,15

[ =
b




nAs

S



Ll N EY |









IL1.

I

K

P33

x

k)



[32]



—— L ———

K

X, ML 4]



42}



fa 5]




T
N ﬂ
- .
Y r
q
o
PR
5 -
& %
F ....
. S
" T =




-
l B mo
fl21h=— E |
i L - he |

B £ Lo AT ol

1~ ?‘] 5 : :' B

I::1|f_:l|2f



*ﬂ

~+32

]







p nL.11

W, AF) = W, (0) e 8F n.iz




[[5a,

gue

ORGSR RO i

L =i

i
LR

EI!

hieLF AR/ SF

PEE



4%

o= o gt

)

MnLis

47



2L
vl




TAT e L A e



[35 58]



| =]



[oh]

BLALAY, &4



—

;f’z_:r],

LLT|



Cg .\l
.

e S LLEARSSF

PER



&7

-t - %
Noflth = N ft0le ™ np{%% mlCppi)| ] 4 J*

[oH]



HL33












—u— Boasa
—=— Topo
+  Intepoiacio

=

Fil
1=
18

14

T

T

13

Bl BRE Bl BA R D ma |

TTTTTY T T

Bk i bk

E

|



& :a'a[i}l N




] rroj]p e rrrrrefrrrygrrrr NN TrLY

ErYLFa 300 K

P 4
Lise™ g

TTTR[ IR POT

ipEf

i R TRET
PRSI F A A LA 1Y B A S



)45

LALN LA

LS LA R
e

LA L B LR NN R R N

Ho:YLFa 30 K
5 5
;7L

lass

saslesas




5]: —> 51‘;




5J.'lr B sjg

x1 HEIII:J

ecgdes  cho




- ]
ﬂ —]

LS F
0,5k

(U2 . @1 X)anboy 3p sag3ag

| A T LA |

-

{w

=

-—

L 1 1 i L__4 i
o L=} «© .uu_ -+
- - o o o

3 4¢-01 x) anboyp ap Eﬁam

02F

=1

1 l:':l

Rl TR Lt



71, 72
[ 68, 73
13 [74]

54,15



-y I'
= T > ildi
st ;P .:rﬂlf..t}frf_.{xt}ti'd V4
II ]
]
4
g
d I
Ya v ildi
Ca=p = a7 0 g, ob 17alAle,lildi

;

..-1.-=.-l

A



ol ———————

.



40

;Fq '}




15

kL)



B m—

HF-‘I.

H.F.:I

-




ecg es echoque( 10 cm?)

4
Mg - » Misa




Fl
— Tus

N S . L_a

k
o
"

- = g o -
bl L] - - -]

(01 (s xdg

AT, H——

1o

(o 00 )08 % Ty



1

L e I I P

il -
] = = L] - a
P L - - ]
{01 M s Ay
TTTTTTIT " P [T T _1I.|
I
/
[ H_%
5 J
L 1 i NITITT
(=] = (-] R (] -3 ]
r = m o™ N -

¥,

HFJ



_ _
= o
S A

(07 JEasuy

{ ,-00) (x0sxid

o0




LU




ef







wLiLEARS B

iPER



[&s|

Azit?

B3



— == === = =

10 mal %

I B ISR BT R A AT A

8 8 8 & 8 w
(MY EIsq “nsig

43]



HFI



= r=a =

Ty yTT T T T - -—s -

PRRE IR T N T T (R R |




tempo de difuséo { us )

B 8 &




g8 R 2 2P B 8 9 8
(e } . opsny

YT

af



.Ri;f +.I'{|



E .-.. = — =—
D af G 'thf A"lﬁ T
|Re —RY;)
(R - rf
T
L 5 e
xR el



1>*

KR
i

=

CE]_'_

-t



Ef, ., Ho, ¥, Lif,

uoljaes) ey




R

i)




13







e

T AW, +Whoy

Ri y*

el









......

URISLED Bl



4,65

el s b o s b o o i b s o Lo o o b i s a1

P TN

Pl Y

D.. 2 4 8 8 10 12 14
< (R-Ry™ )%= (10% cm®)

16

18

|



e = ai il T
k.




Ty g
: | .

7 f 7 rTrorrT
]




5



BT

Fra— e -

PRR TR [ R AT TR W NG 1

PR ST

PURN TR T T N TNE W [

1.

i 8

(og-wp ) u



N, ( Tm-Ho )

n)
.E. T

g ( Er-Tm

n

0gos
0880

o@as

0880 |-

0em

TT T Fr T ITres

og7s

Pl IRV

0ges

1.0000

095 |

Dee0 |-

i

0987

;

-

Ao N i a s B s i g L i 5

PR A

Al o s i

D e

2

4

10

12

14

18

18

20



Ny ( Er-Tm )

T Ty

P [T SV W S T L

7 T 7 T

40

50

80







—————



I




{ AW

ﬁﬁﬁﬁﬁﬁﬁ
222222



Hu )

151




T{uv)

L{pV)

I{pV)




/H)

}I?'H_

—. ——
-
e 3
I 9
M s
= 3
-
.-
—
e
A T
S
=
N liesalasaataaaabeadialeidolabiil e les pa L L




1:10% ¢

.__,.:—'—~—. —

110" -

(A)( 10" 1)

{_.nhiﬂ“

ol bod o d ia.n i g s gl s s i Mo ial s s g basoslisaalssss

1o®

w» —Izq"u




1E13

# fotons / s

pea boa a o | e o N g g o B o o o R o o s | w s b o oua

ba o o o

kS I"..-|

X Ty

'_h_.

PO NN NN TR TN IR T TN OO0 R N TN T I |







— .




IimV)

1I{mV)

=470(3)us

1=40,0(3)us




IfmV}

l{mV})

.

Tm{5%a)Y LF

[T T T s s e 1 R | e e
. i

=380(3)us

f T T v T T T

=120(1)us

bmsmtbaes o bmime B

T
s}




—

|
(—

g 8 & § 8 &8
( =) epuaap odum

F,

N,

H,



Tm*

— ||||| Al
F
Ca
L
#
-
I
-
3 e g
L__.._.. -
g .\\. .\\_
Fa ..__..\1
- -
- ”
m .._._..__.. .\.\
= s o™ 1._.. m
ﬂ ] = ———— P | . o
a “ o
- b =
—- »
-
- T
&
—— el — — . P —— |'.
L o
2 N In w
= A 0 R
am b | M &
_ [ _ T 1 [ [ [ “
i Ty .
&y - ‘2
I T |



W10 51 )

Hebamdea Crconlas 51, %

188

184
1m
0ne
1+
By
A
n
o i i

Wi ( 1075

120
160
L1}
L]
an

ab



( 10% m)

4
| Sase

3+

Hy

Nf' 5 g
: 532
7"
N, ,







144

.



[;5:’? N -THc:-I-_f'g]-- =
: m-ar- el £, + i)

o = FERS

CMIESED WASONTE TE Thes Lo CUDLCARSER WER






+

| NS SNy LI O T— T
2

¥ B 8 =% =

Fomme ot BB o e

( "v'n ) edlauy

2 g8



I(») / E(0)

" |- [l a i i L i

] - m e

SUOIQJ 8P OJsLLNp 1

-






f Abs

By S = .
st ]
&E;- _
07 f 3
n.EE _

t ]
05| 3
r:l,4f- q
oaf 3
ozf 4
u,*rf— &_
pp Ealls Lsuticlad L I PP U P Ty

T T T T T T T T - T T

|
|

oL

3 4 BD0 GO0 YOO BOO

RLUETREL b [ 1 . Hi

120



Jf.m'ﬁ rda V.21

fis

IV.

o



10




-,
=
—r’







Tr——— e e et

'I'||'__ —

AWMBSAG NACICR: | &

T R

MUULE AR SR

iFER

V.23






TN (M A, -Erwl MRS [
£ 8111

L a

(oH-w g )



10

=]

L -9 )Y

L

b



10 |

08 -

06 -

04 |-




CONCLUSOES



O LT Sy .

75

L



TS5

e —— .

&T



B m—




CIMBRED XITICH RS vwERet MUDIEER/SE R



SADIANTIIY

fap o jelna ..muw — Tas






M= T udw
4n M-
v——”—.3._
fin

a
Jr &
- _2

o]l - [iem]]



Apélncﬂ

AMIEZAD Narmany L R L

HITIERA £8P

FEF



REFERENCIAS
BIB : B



T


















-~





