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Application filed November 5, 1892, Serial No, 451,124, (No model.)

To all whom it may concer: S
Be it known that I, EpwiIN F. NORTHRUP, O

Ardmore, county of Monfgomery, and State
of Pennsylvania, have invented an Improve- |

r

Figure 1 is an elevation -of my improved
oalvanometer with the inclosing case broken
away to show the interior. Fig. 2 is a cross
sectional elevation of same on linex—xz. Fig.
3 is an elevation of the moving system. FKig.

35

s mentin Galvanometers, of which the follow-
ing is a specification. - . 4 is a sectional elevation of same. Fig. 5 18
My invention has reference to galvanome- | an enlarged view of one of the magnets shown
ters, and consists of certain improvements | in Figs. 3 and 4, and is provided with means
‘which are fully set forthin the following speci- | for varying its magnetic field. Figs. 6, 7
ro fication and shownin the acecompanying draw- and 8 are diagrammatic views illustrating 6o
ings which form a part thereol. | the change of magnetic field in the magnets
- My invention has reference more particu- | of the moving system. Fig. 9 is a front ele-
larly to the construction of the moving parts | vation of amodification of the moving system
or systems of galvanometers,and to the meth- | embodying my invention. FKig. 10 1s a side
15 ods employed in regulating their sensibility. | elevation of Fig. 9. Fig. 11 is a front eleva- 65
" Teretofore the nusual method of varying the | tion of another modification of the moving
“sensibility of the moving systemsin sensitive | system embodying my invention. Fig. 12 1s
reflecting galvanometers has been to produce | a side elevation of same. FKig. 13 1s a dia-
artificially, by means of an adjustable exter- | gram and elevation illustrating the eircuits
20 nal magnet, a magnetic field so disposed with | of a light system embodying my invention; 7o
relation to the earth’s field that theresultant | and Figs. 14, 15 and 16 are diagrams illas-
would be either strengthened or made lessin trating the magnetic forces which come into
intensity. This method, however, has great play on adjusting the former typesof galvan-
objections which will be more fully pointed | ometers. . | -
25 out when referring - to the accompanying Before proceeding with the description of 75
drawings. - | | my invention, I will briefly refer to the diffi-
My improvement contemplates dispensing | culties which arise with the galvanometer us-
with all external adjustable magnets, and in ingexternal movable magnets for adjustment.
lieu thereof, providing means to adjnst the | As already stated, the method of varying
;0 magnetic field of the moving magnet system the sensibility of such galvonometers has been 8o
of the galvanometer. This 1s accomplished | by producing artificially a magnetic field
by short circuiting more or less, the magnetic | which assists or opposes the action of the
Jines of force emanating fromthe poles of the | earth’s field upon thesystem. Diagrammatic
magnets in the moving system, leaving the | Figs. 14, 15 and 16 will make this clear. .
35 system entirely independent of any external In Fig. 14 the earth’s field is assisted by the 85
" field other than that of the earth. Dy this | field of the external movable or “control”
means the greatest sensibility is produced, | magnet, and the direction and length of the
and in actual practice I have found that the { lines indicate the intensity and direction of
“Adrift,” so objectionable in former types of | the respective magnetisms. As these lines
10 galvanometers, is almst entirely eliminated, | both point in the samegeneral direction,it is go
and my improved system can be made 80 clear that the resultant field operating upon
«gstatic’” as to require as much as a minute | the system will be greater than either one
or more for the complete period of vibration, and will intersect the angle of them. If the
and when the needle or mirror is allowed to | two lines are of equal length; then the result-
45 come to rest, it returns 1o the same position | ant will biseet the angle made by them:. If g5

or substantially the same position that 16

had. L -
My improvement will be better understood

the controlling field is in the same direction
as the earth field, the resulting field will ob-
viously be their sum, and, likewise, if these

two fields are directly opposed to each other,

by reference to the aceompanying drawings, * |
' ' the resulting field will be their difference. roo

go in which: = | - |
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~ The resultant when the fields are not pmfa,l—

lel, may be readily found by the use of the

- parallelogram of foreces.

. In Fig. 15 we have the earth’s magnetism
and the magnetism of the control magnet al--

most opposed to each otherin such a manner

as to produce bui a small resultant nearly at

10

right angles to their directions.  If now the
direction of oneof these fieldsslightly changes |
_ 1ts position so that the angle increases from
- . slightly less than one hundred and eighty de-

- grees to slightly greater than one hundred

~ and eighty degrees, it is evident that the re- |
- sultantwill immediately shift through anan-
5 gle nearly equal.to one hundred and eighty

- degrees.. This shifted position isindicated in
Fig. 16. Thus it is seen that the resultant

- field shiftsthrough a much greater angle than
~ the changing field has shifted through.
It is well known that theearth’s field under-
- goes certain periodical ehanges in direction,
. and these include a regular daily change by |

- which at a certain time of day the magnetic.
meridian begins to move in a certain. direc-

s

tion, either east or west; and after a certain

 time this difference from iis original position
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dle.

reaches a maximum and the meridian then

begins to recede toward, and finally passes

~through its original position until it reaches
a maximum on the other side; it will then
- come slowly back to its original position-and
- remain practically thus fora greater or less

- time, until the same cycle 1s again gone-
‘through on the following day. Superposed

upon this is a periodical yearly change, and

again superposed upon this latter change is
It is only.

another of still longer duration.
however the daily changes of the magnetic
meridian which we need consider in the use

of sensitive reflecting galvanometers. This

daily change is different in amount in differ-

ent localities, and in some places has been:

known to be as great as g1x to seven degrees,

though as a rule it:is much less approximat-.
ing more nearly a degree or less.

reason it has heretofore been impossible to
carryon exceedingly accurate work involving

galvanometers of the sensitive type having

moving magnetic systems except at certain

periods in the day. This necessity is obvi-
ously very inconvenient, especially as these.
‘galvanometers are the most desirable on ac-
count of their being the most sensitive and

accurate now known. Inconsequence of this

daily change of the magnetic meridian, it is
found in practice, that the moving system of |
the galvanometer (the magnets and pointer or
reflector) is not at rest, but is continually mov-

ing slowly from one side to the other with the
periodic shifting of the magnetic meridian.
This phenomenon which is so troublesome is
known as the “drift” of the galvanometer nee-
This drift is found in all galvanometers
of the moving magnet type heretofore con-

structed, but ispractically eliminated by my
improved construction,therebypermittingthe

most delicate observations to be made at all

For this

P
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times without reference to these ehaﬁges-' of |
the earth’s field to which I have above re-

ferred. =

I will now proceed to describe my improved -
galvanometer, and th en pointout the method

of 1ts work.

- Aisa frame of ﬂfﬂi'}"i's-llita,blel construction
and supports the moving system and coils of

wire. 'The frame A is supported upon a base
provided with adjusting screws D, by which

1t may. be leveled. .
- B, B are the two coils, and-in practice are
made separable to expose the movingsystem
C when desired. The moving systemis very
clearly illustrated in Figs. 3 to 5. By exam-

ining these figures it will be:seen that a wire

|-or support J of any diamagnetic material has
threaded upon it four small bell-shaped mag-
nets I, H.. The two central magnets H, H are
turned toward each other and have their
~south poles:in the same direction. The two

outer magnets I, I have-theirpoles turned to-
ward thecentral magnetsbuthave theirsouth

S0

00

poles oppositely disposed with reference to
the south poles of the central magnets. Pref- -

erably these outer magnets are somewhat

longer than the central magnetsso that when
‘all the magnets are uniformly magnetized, 95
the central ones will be of less strength than

the outside ones as is well known by those =~

south poles inside, thus causing the former
to point to the north. It is evident that if
one of the outside magnets, or both of them
if desired, be gradually weakened, the cen-
tral magnets will become relatively stronger,

and if this adjustment is carried on to a fur-

ther degree, the central magnets may acquire a
predominatinginfinence,and becomestronger
than the outside magnets so as thus to turn
the system. entirely around. It will thus be
seen that the magnetic fields of the inner and

familiar with the art. The result is that the
two outside magnets will “ control” the sys-
tem, and the north poles of the two outside

10C
magnets will overbalance the action of the

105
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outer magnets of the moving system may be

relatively adjusted so as to require as small
an amount of force to turn this system upon

its axis as is desired. Thecouple of the coils

B acting upon the magnetic system will not
be sensibly reduced, since the coils aect par-
ticularly upon the interior magnets H, and do
not at best have very much effect upon the
exterior magnets. '

To vary the magnetic field of the outside
magnets, I construct one or both of them as
indicated in Fig. 5. Theouter surface of the
magnet is screw threaded and a soft iron ring
¢ is secured upon the magnet so that it may
be adjusted farther from or nearer toward
the poles. In place of making the ring 7 ad-
justable by means of screw threads, it may
be adjasted by friction as indicated in Figs.
7 and 8. | .

In Fig. 3 the adjustable ring ¢ is shown in

solid lines as placed about the bottom mag-
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net only. Sucha ring< isindicatedin dotted
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- poles to weaken the field and will be held
of

3@
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lines on the lowermast central maﬂ'net H, as
it may be used upon these magnets also if de-
sired. It is evident that this a,dg ustable fea-

ture may be placed upon any or all of the
several magnets, as the principleof theinven-

tion comprehends broadly the adjustment of

the magnetic field of the moving system by
‘means attached to the system itself without
the necessity of the use of any external mag-

nets as in the old method. The adjusting
feature will be clearly understood by exam-

ining Figs. 6,7 and 8.

Tn Flg. 6 the ring 2 is shown close to the

neutral part or voke of the magnet 1 and does
‘not affect the mawnetlc lines of foree.
. 7) the mag-
netic field is reduced, since part of thelines of
force are drawn down by the short circuiting
of the ring.

As this
ring is mwed_upward (see I'ig

As the ring 72 is moved close to
the poles as shown in I‘Iﬁ' 8, all of the lines

of force are practically shar‘t circuited, and

the power of the magnet I has been reduced

toa minimnm and becomesas a lump of steel

or iron having no magnetic poles.

It is evident that instead of the rings ¢ be-
ing adjusted with respect to the poles of the
magnets these rings ¢-may be set upon the

there by the magnetism. One or more
such rings or disks may _be used.

In place of using the bell shaped magnets
above described, I may use the construction
illustrated in Figs. 9 to 12. In these figures
no central magnets are shown, though they
may be employed if desired. The magnets

are formed of thin flat wires or b.;ws LI,

cemented upon a suitable support carried b},

- the rod J.

_40.

- lines of the small magnets I, three of which |
are shown at each end of the moving system.
In the construction shown iIn Fiws. 11 and

45

In the case of *’I‘ws 9 and 10 a sereen or
movable part 2 of magnetic material, such as
soft iron, is moved upon the rod J so as to
short ewemt more or less of the magnetic

12theshort-magnetiebarzisshown as pivoted.
When it 18 mrned vertically it has no effect

- on the small magnets I, but when turned to

50

an inclined pasfrmﬁ as indicated in dotted
lines or parallel to the small magnets, it modi-

fles to a more or less extent the maﬁnetm,

lines of force and produces the desired ad-

- justinent. The movable magnetic pliece might

35

be a small magnet if so deswed in place ot
soft iron.
1t is immaterial to my mventmn what the
particular details of construetion of the mov-
ing system may be so long as the magnetic

| hne& of forces of the magnets of the moving

6o

system shall be reguhted by means of a part

carried by and forming a portion of the mov-

ing system.
“Tn some stylesof galvanometers the reflect-

ing mirrors IL are arranged outside of the

(301]‘1 B, B, as indicated in Figs. 1 and 2, but

~again in other cases the mirrors K are placed

. soas to come 1n the center of the coils, and

in that case they could be in the position in-
dicated in Figs. 9 to 12. The moving systen:

C is supported by a thread E of the very

lightest fiber or preferably of some nonfib-
rous material such as quartz so that there is
no normal torsional effect upon the suspended
magnets,

F is a suitable adjusting device for adjust-
ing the moving system fmd may be of any
smtable construehan

~The galvanometer proper is prefembly in-
closed in a suitable case, and the mirror may

be seen through a window G in the side of
the case. The ray of licht may be projected
upon the mirror throu ﬁ'h this window and the

75
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reflected ray caused to “also pass through the

window upon the scale. By this means a
telescope may be-employed to read the angles
through which the mirror is tfurned.

In I‘w* 13 is shown a diagram in which
there are three coils of wire B canneeted with
the one source of energy [ by a common cir-
cuit .. The rod J is provided-with a series
of magnets or sets of magneis indicated by
the letters N and S and having their poles

arranged alternately in opposite direction.

This is for exceedingly delicate work. ‘T'he
method of adjustment and general construe-

What I claim as new, and desire to secure

.by Letters Patent, 15—

1. In a walv&nameter the combmatwu of
the energizing coils Wlth a moving system
having two or more magnets suspended upon
a shaft having freedom of movement and pro-

vided with one or more movable or adjustable

paris adapted to modify the magnetic lines
of force of any orall of the magnets.

2. In a galvanometer, the combination of
the energizing coils, with a moving system

having two or more magnets suspended with

freedom of movement and provided with one
or more movable or adjustable parts adapted

to modify the magnetic lines of force of any

or all of the magnets, and a reflecting mirror

orindicatorcarried by the moving system and
movable with it.

3. In a galvanometer, 1he, e(}mbmatmu of

the enerwlzmw coils, with a noving system

eonsist_ing of two or more bell 'Sh&ped mag-
nets carried upon a common support having

freedom of oscillation, and one or more mov-

able pieces of magnetic material respectively

go

95
tion may be that above dosmﬂbed with refer-'
| ence to the other figures.

[CO
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carried upon or adjacent to one or more of

the bell sha,ped magnets Lo modify or change
its magnetic field.

4. In a, walvanometer the combination of

the energizing coils, with a moving system
consisting of two or more bell shaped mag-
nets earried upon a common support having
freedom of oscillation, one or more movable

| pieces of magnetic material respectively car-

ried upon or adjacent to one or more of the
bell shaped magnets to modify or change its

magnetic field, a suspension thread adapted

to sustain the snpport and its magnets, and

125

I30
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.. anindicator or mirror carried by and 'nfs.onnﬁ‘ and means to ;51mu1taneoualmd;mstithe mag-
?i?-!i?-!ié::;-;-r-:-;-:-iiiifiiwlththéemagnetsupparts-.-.-.-uur.r_ --------- netsofthemovmgsystenvertmaﬂy::::::f:e:«f-:
by Ina galvanometer, the: c’ombmatmﬂ- o-f | 9. Amoving system for galvanometers con- : .
iitipbiiniie it the energizing coils Wlth a moving system smtmfr of a supp(}rt of dlama,n'netle material
R R ;5- consmtmu* of avertical rod or support SUS- pI‘OVlded witn two or more: magnets secured 60
- --=-=-=-=:?iii':=:fé-é~-*ﬁpendedmth'freedom of movement, twomag- | and carried thereon, and means also carried
oo nets arranged in the center of the emls upon | with and Suspenﬂed by the support to adjust
b said support and having their similar poles | the magnetic field of one or more of the mag-
ST S R 1n: the same dlleﬂtlﬁﬂ and-twe-addltmnal nets S O A A S S O TR SR S
o e magnets arranged upon the support at the i+ 10. Iﬂ a galvanometer, the (3011:113511:13;1:101:1. of 65
e R R ;outsldeof'the cml at top and bottom and hav- the energizing coils, _Wlth & moving :system
oo ving theiripoles reversed: with respeet to the consisting of a suspended support of diamag-
SEEREE RS R RS NN RN RN :polées of the central -111-..%1*‘?".’11ets3 and means sub- netic. _m&terla,l provided with two:or more : .
SRR é i stantially as set out for modifying or adjust- | magnets adapted to be affected: by the field
SRERREEEREREE R RE R .15' .mg the magnetic field of one or more of said pr@dneed by the coil, and sunitable means for 70
ga:fn?eftfgffffffffffffffff-jffféf:??:?:?:?fi oo I'modifying the: m'a,ﬁ‘neﬁ;mﬁeld offme'ormﬂre
JE T T I T A 6 Iﬂﬂ@alvanﬂmeter th@leﬂmblﬂ&tlﬂnﬂf Oftheb&vldmagnfetsff555555555555:5::!_@!! """
SRR S R :téh%e. energizing coils,: mth a moving system | i 11. In a galvanometer, the. mmbmatlon of_ L
o nheonsisting “of - a vertical rod or Support 5US- J the energizing. coils, Wlth_ a moving system::
o 20 pended Wlth freedom of movement, two mag- mnsmtmﬂ'_ef a:suspended support of diamag-: 75
i netsarranged in the center of the eo.ﬂs upon | netic m.:;a.tiemal provided with two or more
i?iéféﬁéféf?é?é?aféf%f%féf%ffrfrﬂ;ald support and having 'their similar poles | magnets adapted: to be affected by the field:
o inthesame direetion, and two additional mag:- produeed'by the coil, and suitable means ver-
EEREEEE RN N R AR R mts of greater catrerw‘r11 than the central mag- | tically movable relcptwely to -the magnets for
EEEEEEE N R fzf5 nets arranfred upon the support at the outside | short circuiting more or less of the magnetie 2o
SREEREEEERERE RN RRE R j 7 ot thecoilsat top and bottom and having their | field of one or more of the said maﬂ'_nets- SERERRREE
S R R E P N Y ~ poles.reversed with respeect to the poles: of the | :12. In a galvanometer, the combination of:
S R feemral.maiwnets,' and means substantially as | the energizing colls, with a moving system:
i b nr s setiout for modlfymﬂ‘ or adJﬂStlﬁfr the: maﬂ‘— Suspended with: freedom: of . movement: and:
SEREEEREREEEREE EE TN S N 3@ -n-etm field of one or more of said magnets. : | consistingiof a support of diamagnetic mate- 8z
oo . 7.1In a galvanometer, the combination: -@f ‘rial -h-a,vmﬂ' two or more magnets arranged '
the enermzmm' coils with: a moving system substa,ntmlly as set:out, one or more of said
N i | ; : 2 ; ;eoﬂslgstmo* of 'a'vertlcal | ;réo_d or _smpport SUS- m&,gnets being prov_lded with a piece of mag-
SRR R R pended mth freedom of movement, two mag- | netic material adapted to be adjusted to or .
S 35 nets arranged in the center of the coﬂs upon' fmm its poles by means of serew threads.  go

sald support and having their similar poles

in the same direction, two additional mag-
netfs arranged upon the support at the outside
of the (‘0118 at topand bottom and havingtheir
40 poles reversed with respect to the poles of the
central magnets, means substantially as set
out for-m'odifying or adjusting the magnetic
field of one or more of said magnets, a mirror
or indicator to indicate the movement of the
45 moving system, and means to simultaneously
adjust the magnets of the moving system ver-
tically.

8. In a galvanometer, the combination. of

the energizing coils with a moving system

so having two or more magnets suspended with
freedom of movement and provided with one

or more movable or adjustable partsadapted
to modify the magnetic lines of force of any
or all of the man*nets, a mirror or indicator to

¢5 indicate the movement of the moving system,

il iy e _— Wiy

unto set my hand.

13. The herein described method of ELdJUSt-
ing sensitive galvanometers to eliminate the
« drift,” produced under the action of the
change of magnetic. meridian, which consists

-1in shmt clrcmtlnﬂ' more or le.ss of the mag-

netic lines of force of one or more of the mag-

nets of the moving system.

14. The herein de cribed method of adJust-

ing a sensitive galvanometer to eliminate the

‘“ drift ” produced under the. action of the

change .of magnetic merldlan which consists

1n varying the relative field strength of two

or more magnets of the moving system.

In testimonyof which in-ven-tion I havehere-

EDWIN F. NORTHRUP.

Witnesses:
‘A. L. MILLER,
E. W. MILLER.
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