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* After the present work was completed ( January

1956) the author learned that B. L. Ioffe and A. Salam
had also obtained the relation (8).
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A New Impulse Technique for lon Mass
Measurements

S. G. ALIKHANOV
(Submitted to JETP editor May 8, 1956)
J. Exptl, Theoret. Phys. (U.S.S.R.) 31, 517-518
( September, 1956 )

PRECISE measurement of the mass of isotopes
makes it possible to determine the binding

energy of nucleons in a nucleus. The existing

method of measuring masses through the use of a

mass spectrograph involving magnetic deflection is
not of sufficient accuracy for medium and heavy

nuclei. Consequently, there is justification for
proposing a new method of measuring masses.
We are familiar with the existing technique !~
for mass analysis which is based on measurement
of the time of flight of ions with given energy over
a specified distance. ITowever, the energy spread

3

(14)

of the ions formed in the source sets a limit of the
order of 100 to 200 on the resolving power of this
type of instrument. In the following a new method
of energy focusing is proposed which is applicable
to this type of spectrometer and which can con-
siderably increase its resolving power.

This mass spectrometer has the form of a drift
tube which is bounded at both ends by retarding
fields with a linear potential distribution. The
entire instrument is placed in a weak longitudinal
magnetic field. A bunch of ions {romthe pulsed
source is injected into the tube with simultaneous
switching-off of the retarding field. Having entered
a ‘“‘potential well’ the bunched ions begin to move
from one repeller to the other, but the gain in the
time of flight by the faster ions over the slower
ions with given e/M will be balanced by loss of -
velocity in the retarding field. Ions withidentical
e/M and different energies will be focused at a
certain point in the drift tube*. After a sufficient
number of cycles, when ions with close values of
e/M have been separated out, that is, their shift
in time of arrival at the focal point is greater than
the duration of the pulses, the latter are deflected
and recorded. Inview of the fact that bunches of
ions of different masses will be oscillating in the
tube the voltage which must be applied tothe de-
flecting plates will be switched off only at the
instant when ions of the masses to be measured are
passing. The transit time of ions with mass ¥,
charge Ze and energy U (in volts) in a drift
of length [ is

to =1V Mj2UZe. (D
The time of motion of the ions in a retarding elec-

tric field of constant strength £ until they are
stopped is
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{ — ET1VV 2UM)Ze. (2)

Thus the time of a complete cycle with retarding

fields £ and £, is
T — V5[0 Ze + 2 ({|Ey+1/E) V2UM]Ze.  (3)
The condition d7/0U =0 gives
1B 4-1/Ey=1/2U, )

If the magnitudes of UO’ l El and E2 are chosen
to satisfy the relation (4) we shall achieve first-
order space-time grouping (focusing) of ions of
different energies. Inthatevent, the time of a
complete cycle will be

To=2V2M]U,Ze. (5)

However, this will not satisfy the condition for
second-order focusing

0T [0U* =1V M2 ZeU?

and the spread in time of a cycle for ions of identi-
cal mass but energy spread AU is

ATy = (L12)Y M) 2Ze U3 (AU

The difference inthe period of a cycle for ions of
mass difference AM but identical energy is

ATy =11/ 2] ZeMU, AM.

By equating these quantities we obtain a formula
for the limit of resolution which is determined by
the energy spread of the ions:

AMIM =14 (AUU,)*. (6)
The precision of the measurements is determined
by the duration of a pulse or its linear size. Thus
the ratio of the duration of an ion pulse to its
transit time must be smaller than the resolution
limit. Since inthe error formula AM/M = 2AT/T,
the magnitude of AM/M is given, whereas AT is
limited by the experimental possibilities, for the
purpose of improving accuracy, it is necessary
either to lengthen the tube (which is impracti-

cable) or to cause the ions to complete the number
of cycles which is required by the formula

N = (2M/AM) AT/T. (7)
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On the assumption that the retarding fields and the
accelerating potential are supplied by the same

source of power the stability of the latter is given
by AV/V = AM/M. The strength of the longitudinal

magnetic field is set at a value such that increase
in the sensitivity of the instrument will not
diminish its resolving power, that is, it will
focus ions whose transverse energy component is
below the limit given by

H ~ R~V (2M|Ze) AU, (8)

where R is the radius of the tube.
Thus ions which are scattered by the residual

gas will be lost in the walls at scattering angles
which are greater than the permissible values. If,
for example, the parameters are as follows: U0
=100 v, AU =0.2 v, [ =50 cm, M = 100, AT

= 0.05p sec, we obtain 7' = 145 sec, AM/M
=107 and N = 690. At a pressure of 1 — 5 x 1076
mm Hg, the number of ions which reach the de-

tector is a few percent of the initial number.

* Of course it would be possible toemploy a field with
a quadratic potential distribution so that the oscilla-
tion period of the ions would be absolutely independent
of their energies, but there are great experimental diffi-
culties involved in the generation of such a field.
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Electron Broadening of Spectral Lines

I. I. SOBEL’MAN
(Submitted to JETP editor May 12, 1956)
J. Exptl. Theoret. Phys. (U.S.S.R.) 31, 519-520
(September, 1956 )

THERE is considerable experimental evidence
of the fact that collisions with electrons play

an important part in the broadening of atomic spec-

tral linesin a plasmal's. Moreover, there is every



