
32 and 62-94), though most of the 
chymotryptic peptides have been ana- 
lyzed. 

In view of the frequent occurrence 
of interchanges in the NH2-terminal 
portion, the remarkable feature of the 
COOH-terminal portion is the prob- 
able identity in sequence of the last 
106 amino acids except for the Val- 
Leu interchange at position 189, which 
was independently observed by Hilsch- 
mann and Craig (6) for the two pro- 
teins they studied (7). This agreement 
begins at position 106 after the "switch 

peptide," in which four homologous in- 

terchanges occur in the three proteins 
(8). Although the switch point involves 
two basic amino acids, it has no other 
unique features. 

The conclusions reached by com- 
parison of the sequence data for Ag 
and Roy are supported by the limited 
data available for the third protein, 
Cu. Although positions at only 37 
residues can be assumed from end- 
group data on the tryptic peptides, 
these include four definite homologous 
interchanges with either Ag or Roy 
(positions 1, 102, 105, 189) as well as 
two nonhomologous interchanges (55 
and 72). In agreement with that of 
Hilschmann and Craig (6), our com- 
parative data suggest that there are 
many other interchanges, both homol- 
ogous and nonhomologous, in the NH2- 
terminal half of this protein. Some of 
these involve the replacement by argi- 
nine and lysine in specimens Cu and 
Ag of amino acids present in Roy for 
which trypsin lacks specificity; this, of 

course, leads to different tryptic pep- 
tides. Although sequence data are not 
available for the Cu protein, our data 
for Ag support the hypothesis of 
Hilschmann and Craig (6) that its 
entire sequence from 106 to 212 is like 
that of Roy. 

The possibility of widespread rear- 
rangement in amino acid sequence has 
obvious significance for antibody struc- 
ture since Bence Jones proteins are 
abnormal products of a tumor of cells 
(plasmocytes) that have the normal 
function of antibody synthesis. We 
have other results that indicate that at 
least four different NHA-terminal 
tryptic peptides may be obtained from 
different type I Bence Jones proteins 
and L-chains. This appears to exclude 
the mechanism of chromosomal re- 
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sequences could arise by such a mech- 
anism. 

The multiple structural differences 
reported here for Bence Jones proteins 
are incompatible with the concept of 
single point mutations now accepted 
for the abnormal hemoglobins. We 
favor the hypothesis of somatic chro- 
mosomal rearrangements in the genes 
controlling antibody structure. In 
Smithies' hypothesis of y-globulin vari- 
ability (10), he postulates that the y- 
globulin genes contain local inverted 
duplications of base sequence that per- 
mit intragenic crossing over. One pos- 
sible consequence of duplications with- 
in a gene is the expression as repeated 
amino acid sequences, but the number 
of these does not seem significant in 
our data (11). Complete analysis of 
amino acid sequence of a number of 
Bence Jones proteins of each antigenic 
type will be needed for an experimental 
test of the Smithies hypothesis and of 
other theories of y-globulin variability. 
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Liquid Waves by Computer 

Abstract. A numerical, fluid-dynam- 
ics technique for high-speed computers 
is described and illustrated. It applies 
to the solution of problems dealing with 
incompressible viscous fluids and involv- 
ing nonsteady motions in several di- 
mensions in space. The ability to handle 
free-surface boundary conditions allows 
waves to be studied through all phases 
of breaking and splashing, as well as 
a number of related phenomena. 

We have developed a new technique 
for numerically solving problems in 
fluid dynamics. It is particularly appli- 
cable to studies of waves and of other 
phenomena that are associated with the 
motion of an incompressible fluid with 
a free surface. Examples are the flow 
of water from a broken dam, the gen- 
eration of water waves by an explosion, 
the formation of breakers on a beach, 
and the splash of a jet of liquid hitting 
a plate. 

The application illustrated in Fig. 1 
is to the surge of water under a sluice 
gate. The initial frame (top left) shows 
the water at rest immediately after the 
gate has quickly opened; the deep reser- 
voir (left) is subjected to a surface 
pressure in addition to that produced 
by gravity and the shallow pond (right) 
is initially quiescent. Subsequent frames 
show the formation of a backward 
breaker, in which the flow is partly 
smooth, partly irregular. 

The problem was scaled to give unit 
density to the water. The downward 
gravitational acceleration was also of 
unit magnitude, while the scale of dis- 
tance is determined by the initial height 
of the reservoir behind the sluice gate, 
2.9 distance units. In these dimensions, 
the applied surface pressure was 2.5, 
the coefficient of kinematic viscosity 
was 0.01, and the times of the six 
frames are t = 0, 1.0, 1.5, 2.0, 2.5, 
and 2.73. 

The elements of fluid are represented 
in the calculations by marker particles. 
Determination of the trajectories of the 
particles is based on a finite-difference 
approximation to the full, nonlinear, 
Navier-Stokes equation for a viscous, 
incompressible fluid. The finite-differ- 
ence equations are related to a Eulerian 
mesh of cells not shown in the figure. 
The cells cover the entire region of 
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The computing method has been de- 
signed for use with a high-speed com- 
puter. The present program is run on 
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Fig. 1. Sequence of frames, produced by a computer, depicting the escape of water 
under a newly opened sluice gate into a tranquil pond; frames progress downward 
and from left to right. 
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the IBM 7030 (Stretch); a typical 
problem requires approximately 20 to 
60 minutes. Available computer mem- 
ories limit our studies to two space di- 
mensions, but the method is equally 
applicable to three-dimensional prob- 
lems. Configuration plots, such as those 
in Fig. 1, are obtained directly from 
the computer through the Stromberg- 
Carlson microfilm recorder and are not 
retouched. 

The results are generated by the 
computer through a succession of small 
time steps or cycles, resembling the 
frames of a motion picture. The frames 
shown in Fig. 1 were selected from 
among hundreds that were obtained in 
the complete run. The sequence of 
processes necessary to accomplish the 
solution for each new frame is as 
follows: 

1) The cycle begins with the full 
availability of velocity for each cell and 
of position for each marker particle; 
velocities and positions either are left 
over from the previous cycle or have 
been supplied as initial conditions. The 
velocities satisfy the conservation equa- 
tion for the flow of incompressible 
liquid. 

2) Pressures are calculated through- 
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out the fluid in such a way that the re- 
sulting accelerations produce a velocity 
field that, at the end of the cycle, still 
satisfies the incompressibility equation; 
this requires the solution of a finite- 
difference Poisson's equation, accom- 
plished by an iterative procedure. 

3) Accelerations and corresponding 
new velocities are calculated. 

4) The marker particles are moved 
with the velocity of the fluid. 
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In dividing bacteria (1) and in L 
cells growing in tissue culture (2), 
ribosomal RNA (rRNA) turns over 

slowly, if at all, with respect to the 

generation time of the cells. This re- 

port shows that in normal rat liver, 
where the generation time of the cells 
is long, rRNA has a half-life of about 
5 days and hence is replenished many 
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The equations, boundary conditions, 
and techniques for solution (1) are re- 
lated to those used by Fromm (2), but 
they have required modifications appro- 
priate to a different set of primary de- 
pendent variables; Fromm employed 
the stream function and vorticity, vari- 
ables that never enter directly into this 
pressure-velocity technique. 

The results of such calculations have 
been compared with experiments, 
showing excellent agreement in every 
case. A study of the water motion from 
a broken dam, for example, proved that 
all aspects of the flow can be obtained 
at least as accurately as experiments 
could measure them (1). An advantage 
of the calculations is that they give 
more detailed data than can be obtained 
from experiments. In some cases, costly 
or time-consuming experimental studies 
can even be avoided by the careful use 
of such computer studies. Even more 
important, computer studies often pro- 
vide a valuable basis for analytical 
studies of physical processes, giving 
both new ideas for models and bases 
for comparing the results of analysis 
of the models. 
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times during the lifetime of a cell. 
The existence, in the intact animal, 

of RNA-precursor pools of unknown 
size and number makes it difficult to 
estimate the turnover rate of rRNA 
from the rate of appearance of radio- 
activity after the administration of a 
radioactive precursor. For this reason 
the turnover of rRNA has been esti- 
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Turnover of Ribosomal RNA in Rat Liver 

Abstract. After a single injection of radioactive orotic acid and a "chase" of 
nonradioactive precursor, the specific activity of ribosomal RNA in rat liver de- 
creases logarithmically at a rate corresponding to a half-life of about 5 days. The 
possible significance of this result is discussed with regard to control of protein 
synthesis. 
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