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The experiments of Biot and Savart concerning the force exerted

by a current on a magnetic needle
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Francois Arago brought the news of Oersted'’s discovery of the effect of a current-carrying wire on
a magnet to Paris on September 4, 1820. Ardezie Ampeae and the team of Jean-Baptiste Biot

and Féix Savart quickly set to work to establish a quantitative law for this effect. Their approaches
were quite different. This paper describes the experiments of Biot and Savart and their results. It
also briefly discusses the approach of Anbfarie Ampee, who coined the name
“electrodynamics” and whose fundamental formula gave the force between two infinitesimal
current elements. Ampere’s formula fell into disuse after the advent of Maxwell’s field approach.
Biot and Savart's experimental law, in the modern form of the differential magnetic field due to a
current element, became the standard starting point for calculating the magnetic field due to steady

currents. ©1998 American Association of Physics Teachers.

. AMPERE'S FORMULA AND AMPERE'S of natural philosophy, Ampe’s great work on electrody-
CIRCUITAL LAW namics was called by him “On the mathematical theory of
electrodynamic phenomena, experimentally dedqcéd.”
The scene is Paris in the fall of 1820. FraizcArago, Like Newton who sought to avoid “hypotheses,” Ammee
returned from travel abroad, brought the news of Oersted'§lid likewise, and proclaimed

discovery of the magnetic effect of an electric current on a
magnet. This was on September 4, 1820. On September 11,
1820 Arago reproduced Oersted’s experimén8bmetime
between September 25 and October 2, Ampere discovered
the attraction and repulsion between two long, parallel
current-carrying wireé.In the months that followed Ampe
gave careful consideration to the nature of the new electro-
dynamic force and decided to model it after the Newtonian
gravitational force.

Like Newton, who stressed the “mathematical principles”
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“I have relied solely on experimentation to es-
tablish the laws of the phenomena and from them
| have derived the formula which alone can rep-
resent the forces which are produced; | have not
investigated the possible cause of these forces,
convinced that all research of this nature must
proceed from pure experimental knowledge of
the laws and from the value, determined solely
by deduction from these laws, of the individual
forces in the direction which is, of necessity, that
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of a straight line drawn through the material were the first quantitative measurements of Oersted’s effect.
points between which the forces act.” They involved the timing of damped oscillations of a mag-

The experimental basis for Ampes formula was a set of N€tic needle by an accurate Breet chronometer. We de-

four “equilibrium” experiments. Ampere described the prin- scripe in some detail the thepry of these measurements.
ciple of his experiments as follows: Figure 1 shows a magnetic needle suspended from a ver-

o I . tical axis through a poinA. It is situated in a plane which is
it consists in establishing by experiment that a

; q ; Vi iib perpendicular to a long, straight current-carrying wire. When
moving conductor remains exactly in equilib- the current is started in the wire, magnetic forces act on the
rium between equal forces, or between equal ro-

ional h ; d th two poles of the needle in directions which are perpendicular
tationa bm_oments,dt e%e borces and t ?S? mdo- to the line from the wire to each of the two poles. For sim-
g]oirgﬁcto?sm%f p;(r)bil:r(;? sga peorgggs diomerl1)§iaon plicity we have shown only the components of forces which
without equilibrium beizg distFl)ered in the con- produce a torque abouk. These components produce a

ditions of the experiment, and in determining di- torque which is proportional to the magnetic fofeéeand to
rectly therefrom by calcufation what the value of sin 6. We write the rotational analog of Newton's second

the mutual action of the two infinitesimal por- law:
tions must be for equilibrium to be, in fact, inde- ' d?e
pendent of all variations of shage and dimension —IF sin 6=1 el 1)

compatible with the conditions.

From these equilibrium experiments Ampere deduced hig/herel is the length of the needle arldis its moment of
formula. This formula for the force between two infinitesi- inertia about the rotation axi&. The system is arranged so

mal current elements was that the angular departure from the equilibrium position is
i ds de relatively small. This permits the use of the approximation
dFa —z {sin 6 sin §' cosw—(1/2)cos 6§ cosh'}, sin 6~ 0,

so that the equation of motion is

IFo=1 a0 2
This equation of motion is the well-known equation of
simple harmonic motion whose prototype is the spring-mass
system of force constamtand massn:

wherei andi’ are the currents in the two elements and
ds’ are the lengths of the elementsis the distance between
the elementsg and ' are the angles between the elements
and the liner, andw is the angle between the plane defined
by ds andr and the plane defined lys’ andr.

Maxwell lavished praise on Ampe's work and hailed it

as follows:
“The whole, theory and experiment, seems as if it had d?x
leaped, full grown and full armed, from the brain of the ~ —KX=M gz (©)

‘Newton of electricity.’ It is perfect in form, and unassailable i ) i ) o

in accuracy, and it is summed up in a formula from which all The solution of Eq(3) is an undamped sinusoidal oscillation
the phenomena may be deduced, and which must alway angular frequency

remain the cardinal formula of electro-dynamic§.How- K

ever, the development of Maxwell’s field theory of electro- w= \ﬁ

magnetism focused attention on the field ve@pand Am- m

pee’s formula fell into essentially complete disuse. By analogy, the solution of2) is an undamped sinusoidal
Sometime around the 1930s Anmpis name came to be as- gscillation of angular frequency

sociated with “the first law of circulation”(a designation

common in England This law is _ IE @
w | .
fﬁ B-ds=uol, The period of this oscillation is
where the line integral 0B is around a closed path amnds 21 I
the net current traversing the area bounded by the closed T= ZZZW =%

path. This first law of circulation is commonly ascribed to
Ampere in many textbooks, where it is called "Ampes Thus
Circuital Law.” However, it is not due to Ampere. 1
Fa 72 ()

FORCE ON A COMPASS NEEDLE BY THE Inversety proportional 10 the sauare of the period of ascill:
METHOD OF OSCILLATIONS tion. In the actual experiment of Biot and Savart, damping is

We now turn to our main concern, the experiments of BiotPresent and what is observed is a damped oscillation of pe-
and Savart. These experiments were clever, painstaking, aftPd very closely equal td. The inverse square of the period
highly original. On September 30, 1820, Biot and Savartis therefore a measure of the magnetic fofee and by
announced their results for the distance dependence of thehanging the distancB from the long straight wire to the
magnetic force exerted by a long, straight current-carryingnagnetic needle the variation of the force with distance can
wire on a magnetic needle to the French Academy. Thesbe observed by noting the change in the period of oscillation.

. THE MEASUREMENT OF THE MAGNETIC
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This is the theory of the first Biot—Savart experiment.lll. DETAILS OF THE FIRST BIOT

F

Fig. 1. A magnetic needle is acted upon by two forces due to the magnetic field of a long straight wire.

—SAVART

Their result was that the force varied inversely as the disEXPERIMENT
tance from the wire to the needle. This result was presented
by them to the Acadeie des Sciences on October 30, 1820 The best source for the details of both the first and the

and reported in théAnnales de Chimie et Physiqaes fol-

lows:

387

“By these procedures MM. Biot and Savart ar-
rived at the following result which rigorously
represents the action experienced by a molecule
of austral or boreal magnetism when placed at
some distance from a fine and indefiniti@defi-
nitely long’-Au.) cylindrical wire which is made
magnetic by voltaic current. Drawing a perpen-
dicular to the axis of the wire from the point
where the magnetic molecule resides, the force
influencing the molecule is perpendicular to this
line and to the axis of the wire. Its intensity is
inversely proportional to the distance®”

Am. J. Phys., Vol. 66, No. 5, May 1998

second Biot—Savart experiments is the third edititB24

of Biot's textbook, Precis Bémentaire de PhysiqueHere,
we utilize the English translation of O. M. Blunn as con-
tained in Tricker's book.

Figure 2 shows the experimental arrangement for the first
Biot—Savart experimentCMZ is the long straight wire
through which current is passed to produce the magnetic
field which exerts forces on the magnetic neefii®. A’'B’
is a bar magnet which compensates for the magnetic field of
the Earth. The magnetic needle is suspended horizontally on
a silkworm thread inside a glass cage as shown. The com-
pensating magnet and the magnetic needle are aligned along
the local magnetic meridian, and the distance from the com-
pensating magnet to the needle is adjusted until the compen-
sating field is equal and opposite to the Earth’s field.

Herman Erlichson 387



Table I. (taken from Tricker, Ref. 2, p. 130

€
T Distances from the Duration
Order connecting wire to of ten Ratio of the observed
of the the center of the oscillations forces, compared with
observations needle(mm) (seq the force at 30 mm
7 1 30 4225
s 2 40 48 85 3/4 (1-0-008508)
i %,, 3 30 4200
f 5 4 20 3350 3/2 (1-0-023090)
i 8 5 30 4100
.: A M 6 50 5475 3/5 (1-0-036673)
o 7 30 4225
i 8 60 56 75 2/6 (1-0-095460)
S T 9 30 4175
A s = 10 120 8900 3/12 (1-0-103892)
11 30 4250
12 15 3000 2/1 (1-0-067010)
13 30 4315
e

needleAB in the static equilibrium position under the action
of the symmetric magnetic forcésD’ andBD, plus a third
_ , o . force due to the outbound tension component in the silk
l(:tgk.e% f:-:ri ('?'):iréekg??qnéil 2a’n;)a.mlgae[;nent for the first Biot—Savart experlmen{hread. From the symmetry Of the_ problem the arl{-:;AaD’
equals the angleéBD. In addition, if the pole aA is imag-
ined atB, the force on it would make the same angle with

The description of the experiment by Biot leaves no doubf” B @S does the force on the actual poleBatexcept in the
that the experimenters were skillful and meticulous in theiroPPosite direction. Thus this force would be in B®’ di-
conduct of the experiment. For example, in discussing théection. So, if angle=BD'=angleFBD, the sum of these
length of the long straight wiré¢supposed to be of infinite two angles is 180 deg, each of these angles must be equal to
length Biot remarked “It was long enough for its extremi- 90 deg. Biot concludes:

ties to be bent back and connected to the poles of the battery
and still only exert such a feeble effect on the needle that it
could confidently be ignored.®

The experimenters determined that the force on each pole
was in the plane perpendicular to the wire, and also perpen-

“when an indefinite (‘indefinitely long'—Au.)
connecting wire, animated by voltaic current,
acts on an element of austral or boreal magne-
tism situated at a certain distan€é or FB from

its center, the resultant of the actions which it

dicular to the line from the wire to the pole. To see how they

concluded the latter, consider Fig. 3, which is taken from between the molecule and the wire®

Biot's text as reproduced by Tricker. The figure shows the ) o )
Among the experimental difficulties confronted by Biot

and Savart was the problem of identifying the precise mo-
ment of the start of an oscillation. The magnetic needle was

exerts is perpendicular to the shortest distance

\‘3' instantaneously stationary at the end points of the oscilla-
N\ tions and therefore hard to pinpoint in time. To solve this
problem Biot and Savart used vertical threads to mark the

N\ equilibrium position of the oscillations and counted the os-
cillations from these equilibrium positions. They also com-
pensated for progressive weakening of the battery which sup-
plied the current to the long wire by using an averaging
technique. This technique involved taking a first and third
run at their standard distan¢ahich was 30 mmand com-
paring this average with the data taken in between the two
runs at the standard distance. Using this averaging technique,
they presented their results in Table I.

Biot and Savart then computed a theoretical time for ten
oscillations at their standard distance of 30 mm based on
assuming an exact inverse distance dependence of the force
with distance. They presented their results in a second table,
here shown(Table Il). Noting that the differences between
the calculated and observed times for ten oscillations were
Alternately positive and negative, as they should be, and de-
claring that “a more probably physical interpretation can be
placed on the proportionality which this law discloses if it is

Fig. 3. Biot's drawing to show that the magnetic force is transverse to th
line from the wire to each pole of the needtaken from Tricker, Ref. 2, p.
124).

Herman Erlichson 388
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Table IlI. (taken from Tricker, Ref. 2, p. 131

Duration of ten oscillations
Order Distances
of the to the Calculated Observed Difference
observations wire (seq (seq (seq
2 40 48 62 48 85 -0-23
4 20 3388 3350 +0-38
6 50 5374 5475 -1-01
8 60 5940 56 75 +2-65
10 120 8425 8900 —-4.75
12 15 3099 3000 +0-99

assumed to apply, not to the distance from the centre of the
needle to the wire, but to the distance between the wire and
the two poles of the needle}! they took this as their inter-
pretation.

IV. THE SECOND BIOT —SAVART EXPERIMENT—
FROM THE OVERALL FORCE TO THE
DIFFERENTIAL FORCE OF A CURRENT ELEMENT Fig. 5. The second Biot—Savart experimétaiken from Tricker, Ref. 2, p.

135).
According to Biot, Laplace had calculated what the differ- &

ential action of a differential section of the wire should be in
order that the action of the total wire should vary a-dj1/
whered is the perpendicular distance from the wire to either
pole of the magnetic needté. Biot did not reproduce
Laplace’s calculation, but it can be easily done. Figure
shows an infinite wire and a magnetic pole at pdntWe
take it to be a North polén the language of Biot, an Austral
pole). The action of the wire, in which current is flowing up,
on the North pole is out of the plane of the paper. For sim-  ds(sin §)=rd 4.
plicity we also assume this to be the direction of the infini-

some unknown function of the angkebetween the vectar
and the current element.

4 The action of the entire wiréd going from 0° to 180F is
inversely proportional tad, as was known from Biot and
Savart's first experiment. To obtain this, we integrate, but we
first make the substitution

tesimal action of an infinitesimal current eleméxnits shown We have
in the figure. We have kido
) dF= ——— f(90).
ki ds rsing
dF=——f .
r (0), ©) Now we integrate or¥ from 0 to 77/2 and double the result:
where it has been assumed that the magnetic force is inverse (72 f(9)de
squarek is a constant of proportionality, is the distance F=2 Ifo rsing’

from the current element to the Austral pole, af({d) is
We note that sirg=d/r. Hence,

F—z—kirlzfoda 7

We see from this result that ariy 6) is compatible with the
inversed dependence of the total forée This is why Biot

said “the distance ratio may be modified by a coefficient
which depends on the inclination of each distance to the
general direction of the wire; that is to say, such a coeffi-
cient, whatever its composition, does not prevent the total
action of a straight and indefinite wire being reciprocal to the
shortest distance to the magnetic element, in accordance with
r ) our observations.? Then he continued, “It was therefore
necessary to carry out fresh experiments to find out whether
the coefficient did in fact exist, and to discover how it was
hds composed; the simplest and most direct way of doing this
rde was obviously to compare the actions exerted on the same
magnetic element by two equal portions of indefinite wires in
different directions.™?

Fig. 4. Diagram for calculating the total force exerted by an infinite current- 1 he second Biot—Savart experiment was designed to an-
carrying wire on a magnetic pole. swer these questions. The experimental arrangement is

389 Am. J. Phys., Vol. 66, No. 5, May 1998 Herman Erlichson 389



Table Ill. The ratio of the action of the inclined wire to the straight wire.

i tan(/2) i/90°

10° 0.087 0.111

20° 0.176 0.222

30° 0.268 0.333

40° 0.364 0.444

45° 0.414 214 0.500

50° 0.466 0.556

60° 0.577 0.667 P d
70° 0.700 0.778

80° 0.839 0.889

90° 1.000 1.000 X

shown in Fig. 5, taken from Biot's text. The two long wires
ZMC andZ'M’'C’ are identical in material and cross sec-
tion, and stretched in a vertical plang'M'C’ is straight
andZMC is bent at the poinM, with the two segment&M
andMC making the same angle with the horizontal. The two
pointsM andM'’ were separated only by a strip of very fine
paper. The magnetic need®B was suspended with its lon-
gitudinal axisAB at the same height asl and M’. The
vertical plane of the two wires was arranged to be perpengators to determine what functidif6) in Eq. (1), when in-
dicular to the local magnetic meridian. tegrated for the case of the inclined wire, would yield a result
The basic idea of the experiment was to compare the forcahich went as the tangent of 1/2 the angle of inclination.
exerted by the inclined wire with the force exerted by thepijot stated that the function sifiwould satisfy the condi-
straight wire, by comparing the inverse of the squares of thgion. We verify this by considering Fig. 6 and doing the
periods of the harmonic oscillation produced by each. Thentegration. Figure 6 shows the two semi-infinite wires, each
experimenters were once again careful to have the equilibinclined at an angler to the horizontal(Note that our angle
rium position of the needle coincide with the magnetic me-,, in Fig. 6 corresponds to Biot's inclination angle
ridian of the Earth. They partially neutralized the magnetic 14 current elemeritds is a distance from the magnetic
field of the Earth, but partly retained it as a stabilizing effect ole atP. The angle between the directed current element

for the neutral position of the needle. The early results of thigd’ L ; .
comparison seemed to indicate that the action of the lon nd ther direction isé. The dlfferennal force exerted by the
urrent element on the pole is

inclined wire was proportional t@ but Biot observed that

“other laws were equally admissible and, for ex- dF= ki ds sin(9)
ample, the inclinatiori to the horizontal could =z s '
have been replaced by the tangent to half of the ®

Fig. 6. Figure for the derivation that the total action goes as the tangent of
al2.

inclination, that is to say, tai@); then, by put-
ting F for the observed action on the needle of
the vertical wire at a certain distande,tan(/2)

a ds sin( 6
0 r

As before,

would be the action of the oblique wire animated
by the same current; formerly it would have been
represented by Fi/90°, a value which can only
ever differ from the foregoing in hundredths!*

What Biot was saying was that the ratio of the actions of the
wire inclined ati to the vertical wire was/90 on the one
supposition and tail@) on the other. Consider Table I,
which compares these two possibilities. It is clear from this
table that the two ratios differ in the hundredths place, as
remarked upon by Biot.

To determine which was indeed the correct value of the1ence,

rdd=ds sin 0,
@ ds sin( 6 adf
F=2kif #sziJ —.
0 r o T
From the law of sines,
sin e_d
sina r’

action, Biot and Savart studied the particular caset5° 2Ki a 2ki(1—cosa)

with great care. They doubled the oblique wire so that this F= dsin f sin 0 do= “desna

doubled the action. This gave them the theoretical value of @ Jo @ 9)
2(0.414 214> 0.828 427 for the ratio of the actions on the 2Ki o

assumption that taiiR) is the correct action. After their cor- F= a tanE.

rections Biot and Savart found the experimental value of

0.827 545, which they took as confirmation that the totalThis verifies Biot's statement that E¢B), when integrated,

action was correctly represented by &2\ yields a total action which goes as the tangent of half the
To conclude their paper it only remained for the investi-inclination angle.
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V. THE SIGNIFICANCE OF BIOT AND SAVART’S
WORK

SAmpere, 1827 Menoire, in Ref. 2, p. 160. Ampere’s description of these
equilibrium experiments with accompanying diagrams can be found on pp.
161-172 of Tricke(Ref. 2.

The rise of the field approach to electricity and magnetismsJ- C. Maxwell,A Treatise on Electricity and Magnetisf@larendon, Ox-

soon converted the Biot—Savart force law on a magnetic pol
to the modern form for the field vectaB:

dsxr
dBI ﬂ I -2

; (10

Since the direction of the force on a North magnetic pole is

the same as that of the magnetic flux denfitywe see that
the historic Biot—Savart law, Eq8), and the modern form,

ford, 1891, republished by Dover, 1958rd ed., Vol. Two, p. 175.

See J.-P. Mathieu, “Sur le theeme d’Ampee,” Revue d’Histoire des
Sciences et de leurs Applicatiod8, 333—338(1990. Also see James R.
Hoffman, AndreMarie Ampee (Cambridge U.P., Cambridge, 1996, first
published in 1995 by Blackwell Publishers, Oxfarg. 349. For additional
bibliographic information on Ampe, Biot, and Savart see the articles on
them inThe Dictionary of Scientific Biographgdited by C. C. Gillispie
(Scribner’'s, New York, 1970 Additional interesting references are: L.
Pearce Williams, “Why Ampee did not discover electromagnetic induc-
tion,” Am. J. Phys.54, 306—311(1986; “André-Marie Ampee,” Sci.

&

Eg. (10), are essentially the same. This important law per- pm 260, 90—97(January, 1989 M. O. Peach and L. K. Shirely, “What

mits the calculation oB for any arrangement of steady cur-
rents. Biot foresaw this importance when he wrote

“this makes the elementary action of a section
proportional toR™?2 sin w; using this experimen-
tally determined expression, knowing the abso-
lute direction of the force to be perpendicular to
a plane through each distance in the direction of
each longitudinal element of wire, the total re-
sultant of the action exerted by a wire, or some
straight or curved, limited or unlimited portion of
wire, can be assigned by calculatiort”

Ampere could have done: A simple demonstration of the Biot-Savart and
magnetic force laws,” Am. J. Phy&0, 410-414(1982.

8Ann. Chim. Phys15, as translated by O. M. Blunn in Tricker, Ref. 2, pp.
118-119.

%Precis Elementaire de Physiqué/ol. Il, 3rd ed., 1824, as translated by O.
M. Blunn in Tricker, Ref. 2, p. 122.

0n Ref. 9, p. 126.

n Ref. 9, p. 131.

12n Ref. 9, p. 134.

Bin Ref. 9, p. 134.

n Ref. 9, pp. 136—137. In the second edition of Bid?iecis Elamentaire
de PhysiqueBiot had stated that the force found in his early runs of the
second experiment was proportional to the angle of inclindticand that

The development of field theory as the dominant theory in this overall result for the inclined wire could be analyzed and “appears to
electricity and magnetism has accentuated the importance ofndicate” that the force exerted by a differential element was proportional
the Biot—Savart law and virtually relegated the attempt of to sined, whered is the angle between the direction of the current element

Ampere to base electrodynamics on a Newtonian-type force

law to the role of historical curiosity piece. Without taking
away from the importance of Ampe it would seem appro-

and the line from the current element to the magnetic needle. Ampere
noted that this was an error and that it was an overall force proportional to
the tangent ofi/2 which would be the correct result if the force of the
differential element was proportional to sidleAmpere further noted that

priate to also stress the importance of the painstaking labo-savary had found this out and that Biot had not acknowledged this in his

ratory work of Biot and Savart. Ampe and the team of Biot
and Savart were the giants of the early history of electrody
namics.

L. Pearce Williams, “What were Ampere’s Earliest Discoveries in Elec-
trodynamics?” Isis74, 492—-508(1983.

2L. Pearce Williams, “What were Ampere’s Earliest Discoveries in Elec-
trodynamics?” Isis74, 508 (1983. In his book entitlecEarly Electrody-
namics, The First Law of CirculatiofPergamon, Oxford, 196R. A. R.
Tricker said that Ampes had established this within a week of September
11 (p. 23.

3This work will be referred to simply as Ampe's 1827 Menoire. The full

title is Mémoire sur la therie mathenatique des phemaes ¢ectrody-
namiques uniquement dgite de I'expeéence, dans lequel se trouvent
réunis les Menoires que M. Ampe a communiqle al’Academie royale
des Sciences, dans lesasees de 4 et 26 dembre 1820, 10 juin 1822, 22

corrected version in the third edition of tiRrécis. We quote the relevant

- statement by Ampe in the Blunn translation as given on the bottom of
pp. 198-199 in Tricker: “It is remarkable that this law, which is a corol-
lary of the formula by which | have represented the interaction of two
elements of conducting wires when, according to my theory, each mag-
netic element is replaced by a very small electrodynamic solenoid, was
first found through a mathematical error; indeed, for the law to be valid,
the absolute intensityought to have been proportional, not to the angle
ZMH, but to the tangent of half this angle, as demonstrated later by M.
Savary in his dissertation at the Acavie, 3 February 1823, and which
has meanwhile been published in the Journal de Physique, vol. XCVI, pp.
1-25 con't. It appears that M. Biot later discovered the error himself, for
in the third edition which has just appeared, he describes, without refer-
ence to the Mmoire where it had first been corrected, new experiments
where the intensity of the total force is, in accordance with the calculation
of M. Savary, proportional to the tangent of half the angdH, and he

decembre 1823, 12 septembre et 21 novembre 1823, 12 septembre et 2£oncludes therefrom with more reason than he had with his first experi-

novembre 1825The 1827 Menoire was republished with a foreword by
Edmond BauelParis, 1958 Portions of thel827 Menoire were trans-
lated into English by O. M. Blunn and were included in Tricker's book
(Ref. 2.

“Ampere, 1827 Menoire, in Ref. 2, p. 156.

ments, that the force which he calls elementary, is proportional for equal
distance to the sine of the angle between the direction of the element of
conducting wire and the direction of the straight line joining its mid-point
to the magnetic molecule.”

BIn Ref. 9, p. 139.

one significant digit!

Vernon Booth,Communicating in Science—Writing a Scie
University Press, 19932nd ed., p. 41.

EMPTY NUMBERS

Scientists make observations to perhaps three or four digits, and process the results
eight-digit calculator. Careful scientists then discard meaningless digits. They also use nu
and numerical words with care. But some writers weedswith a precision corresponding to onl
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