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Note on the Gartenhaus-Schwartz Transformation 

It is shown that the Gartenhaus-Schwartz transformation can
not eliminate spurious eff~cts in shell model calculations. 
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The description of electromagnetic interactions of nuc

lei requires the evaluation of matrix elements with the nuc

lear wave functions(l) 

~ 1<. R 
tn\!S = t:r~ v~ e - - (1) 

where "o/:rtn. are intrinsic wave functions, K is the momentum 

of the nucleus, R the c.m. position vector and V the 

normalization volume. Matrix elements of the electromagne

tic interaction Bamiltonian H~ with wave functions (1) 

reduce trivially to intrinsic matrix elements 
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<f.15•1Hotlf-11 >·'iil-1S'•!i"•~) Jdk··J•, ~lg). 

I A t~·('t'-K) 
t:. • - 1- (~ ~ ~ ) "") e. e -I -
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" ~~·(~i·_g.} 
_ ~ ~ • 2.... r-• r~· e. A (2) 

~=· 

-:there f;-.} ~ is the polarization vector of the photon which 

carries the momentum ~ , e; and ~i are the charges and 

:taenetic moments of protons and neutrons, 1\."' c"' i. 

:i'he difficulty with the intrinsic matrix element (2) 

i: twofold. First we do not know any general method for 

th~ determination of intrinsic wave functions in terms of 

lntrin:>i-:: coordinates; second the matrix element (2) is ve

ry complicated in terms of intrinsic coordinates. So,it is 

rln::irable t.o avoid the explicit use of :tntrinsic coordina

tP.s and keep the single particle coordinates. This can be 

done usine fact'lrizcrl Y:'l.ve functions of the form 
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~""-=if1m.lLR), (:3) 
where )( is the same factor for every n • If 1( is cho-

sen to be the ground state harmonic oscillator wave func

tion, which we sho.ll call Xo , wave functions (J) can be 

easily obtained ( 2) as expansions in Slater determinants 

~i of (arbitrary) single particle wave functions 

- (II\)~ 
~ ..... ::. 2.. O..y 'i'-1. 

" 
(4) 

Then the evaluation of (2) can be done in terms of single 

particle coordinates, as it has been shown by Tassie and 

Barke/3). 

However in the literature are commonly used wave func-,... 
tions ~m. which are not factorized, and then involve un-

physical admixtures of intrinsic and c.m. states. This is ex

plicitly shown by their expansion into intrinsic wave func

tions and (for example) harmonic oscillator wave functions 

for the c.m. 

in\: 2: (5) 

i I tN 

The terms with C .,,_to for ~ f ~ give rise to spurious 
I effects. Such effects are not necessarily of order A , as 

it is often assumed. They can be quite large on transition 

amplitudes (4). In an attempt to prevent spuriosity effects 

and to relate matrix elements with wave functions (5) to the 

matrix elements with wave functions (1) Gartenhaus and 
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~chwartz(5) (G.S.) devised a transformation, defined by 
-i.A. lf·~t.ft·f) 

the operator U,. = t :Z. • , which has the proper-

ties 

,... /1. N -A -A ( 7) 
t"" [~t+~,···,~A 1 ~l::UI\ ~~~~.{'!t+!l-t,···':!-A+~t J, 
w'n.Ull 9- iA wn. on.'o"b~ Ju.t"o>t.. 
From (7) G.S. deduce that for A-~» one obtains intrin-

sic wave functions. In order to simplify the calculations ,.,. 
they suggest to use the wave functions ~~ with transfor-

med operators, 

"' "'A 1\J + N 

<y~ IM \fftl,)= <i'm.IV" MU,..I~It\.). 
We want to show that their conclusion is unjustified(6), 

and the above transformation cannot prevent spurious effects • 
....... 

Indeed eq. (6) which defines if"" is mean;_ngless for A_.~, 

and (as G.S. advise), in the calculations if~ must be used 

with finite A , and the limit A_. OD must be taken in the 

final results. But if this is done, one obtains for the mat

riX element of any intrins:io operator MI exactely the sa-
"' me result as if one uses simply the wave functions ~~ 

N ..,. .;;;- l llll.) )>/1 lllll.) - .fiy (8) 
<"if~~~, I M1 \ '!"') = L C~·~ (""~ < Y1"'' I MJ. Ill.,), 

"ij'ta- r~ ,~-

both with the direct and inverse G.S. transformation. In the 

case of the iDVerse transforma~ion the result is trivial, be

cause u" commutes with M~ for each value of A ' so that 
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l I"J N N + ~ N 

A~oo < t: I M1llf;)-= !~ .... <'fr~~~.l UA MI Ul\ l"o/tn~.)=<'f~~~.IM1 \l). 
For the direct transformation let us use the expan-

"' sion (5) for the l£'~~~. 

"' - (AI.) - ~ (AI.) .- 1\ 

uA if,.= 2- c ~"' 1K .. u" 1~-:: L.- c "f" t~ X~ "r-- ttl' 7 

" where X~ are t~e harmonic oscillator wave functions 

with parameter e. R>:~ , if the l flo have parameter 

R\1 • So 

which completes the proof of our statement. 

The G.s. transformation oan be used and has been 

used (?) in order to obtain the definition of intJ'insic 

operators, a task which is not trivial if relativistic 

effects are taken into account. However, as we have 

shown, it cannot eliminate spurious components in the 

wave functions, while a correct calculation must be done 

using both intrinsic operators and intrinsic .wave functions. 
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