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VIBRATING STRING APPARATUS
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~ This invention relates to vibrﬁft'ing striiig
apparatus, and among other objects, aims to

provide a simple apparatus for studying and.

effectively demonstrating the behavior of

- § vibrating strings.

10

- 30

20

‘which the specimen string p:

~ The nature of the invention may be readily
understood by reference to one illustrative
apparatus embodying. the invention and

shown in the accompanying drawing, 1n

which: =~ _
Fig.1is a front elevation of the apparatus;

Fig.21s an enlarged front elevation of the _ . _ -
“brate at its natural frequency by interrupt-

mechanism for maintaining the vibrations

of the string; |
15

Fig.31s a side elevation partly in section
of said mechanism; - S

Fig. 4 is a view similar to that of ¥ig. 3
of a modified form of the vibrating mecha-
nism ; -

Fig.51s a diagrammﬁticl vieﬁ- illu;s:{;fat'ihg

olectric circuits arranged for determining the
frequency of an alternating current circuit by
means of the illustrative apparatus o

Fig. 6 is a similar dmgramm&tic_viéw

showing an electric circuit employed in con-

nection with determining the frequency of
vibrations of a vibrating string; and
Fig.T1s a diagrammatic view
electric circuit employed 1n connection with
an experiment to.secure resonance -between
an alternating current of known frequency

‘and that of a vibrating string.

In the illustrative apparatus vibrations of
a specimen string 10 are maintained and de-

termined by electrical mechanism em loyin§ '

an electromagnet 11 through the field o

_ sses. The speci-
men or that portion passing through the field
is made responsive thereto. |

ing a specimen composed of magnetic ma-
terial, such as an iron Wire.- The latter 1s

hown connected at one end to a bracket 12
removably clamped to the base 18 of the ap-
paratus and at its other end to a device for
known tension in the wire,

maintaining a XI ensic
here represented by a weight 14 connected to

 the string. The bracket 15 clamped to this

B

end of the apparatus base carries & pulley 16
over which the string passes.

showing an

‘This is conven-
jently effected 1n the present case by employ- -

Adjustable

nodal points for the vibrating string are pro-
vided by movable bridges 1
base. S -
- The electroma

carried on the

omnet _11_is_ supported:'-i_xli”relai-- .

tively close proximity to the wire, at & point 85

by a pedestal 18 resting on the base 13. -] he
terminals of the magnet are connected with
binding posts 19 on the pedestal. Lo

- Ttisapparent that changes in
for example, the string may be made to Vvi-

ing a direct current through the electromag-

L L

controlled by the string jtself. Such inter-
rupter is herein shown as a mercury pool 20
in series with the magn

and also in series (through the string 1tself)
with the same circuit.
can be made so light in weight that its mass

will have no appreciable influence

The contact device

substantially midway between the bridges,

_ the-.maﬂgxi;étic 60
field of magnet 11 will influence the wire 10,—

net in synchronism with the vibrations of 68
the string. This is effected 1n the present in- =
stance by employing a current interrupter

_ net circuit and & con- 7¢ '.
tact device 21 carried by the vibrating string |

. on the 76
natural frequency Of the string.. The con-
‘tact device in this 1nstance comprises a Screw

21 pointed at its lower end and provided with

2 slot 92 in which the vibrating string 1s seat-

ed, and clamped by the nut 23. The mercury 80

pool 20 is vertically adjustable relative to the

contact device 21.

In Fig. 6 is illustrated a direct current cir-

cuit wherein the magnet is in series with the
contact 21 and the mercury pool 20 for main-

taining the vibrations of the string without
frequency. In other |
words, when energized the electromagnet
pulls upwardly on the string until the cirewtt ¢
is broken when the contact leaves the mer-
cury pool ; the wire then falls naturally, again

_closing the electric circuit and receiving an-

effecting its natural

other impulse from the magnet. The current

interruptions and, therefore, the vibrations g5
of the string because of their synchronousre-
lationship may be advantageously counted by

‘an electric impulse counter 24 in series with
‘the circuit (see Fig.6).. Such impulse count-
ers may be obtained from the Central Scien- 100
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1ts

tific Company, 460 L. Ohio Street, Chicago,
Illinois. - |

To vary the strength of the magnetic field
on the vibrating string the magnet is in this
instance mounted for vertical adjustment on
pedestal by means of a screw 25 and
thumb nut 26. A spring 27 between the

magnet and the under face of the pedestal

arm serves to react against the thumb nut 26

and thus secure a positive adjustment of the
~electromagnet.

The guide arm 28 project-
ing from the magnet through which rod 29

- passes, serves to prevent twisting of the mag-

15

net relative to its pedestal. .

In Ifig. 4 1s 1llustrated a form of i_mpulse'

- mechanism in which the mercury cup may

- 20

be moved vertically either for purposes of
adjustment or to close the circuit to start

- the wibrations. In this construction the re-
ceptacle 30 carrying the mercury is secured
to a threaded rod 31 which may be moved ver-
tically by mears of thumb nut 32. B

y ver-

- tically adjusting the pool the amplitude of

30

40 This formula 'may be che__t:ked, and the re-

lationship between the frequency of the wire,
1ts mass, length and tension may be studied
‘and demonstrated, by employing the impulse
- counter 24 1n series with the impulse circuit,

- nating current of known frequency in cir-

55

the string vibration may be varied.—For ex-
ample, by lowering the pool so that the con-
tact member barely enters, the duration of
the magnetic impulse 1s short and the am-
plhitude  of vibration 1is correspondingly
small. The spring 33 while normally hold-
ing the pool in adjusted position, permits it
to be vertically raised by grasping the thumb
nut 32 (without turning it) in order to close
the circuit and start vibrations. -

- The mass, length and tension of the wire

being known, its frequency may be deter-
~mined according to.the following formula:

o _1ryr
caym

as 1llustrated in Fig. 6. | N o
_ Further demonstration of the aforesaid re-
lationship may be effected by using an alter-

cuit with the electromagnet. (Fig. 7.) In

such case the circuit interrupter is not em-
ployed. | | -
" The

proached.

The beats visible to the ejé‘aﬁ'ord another

- means for deriving resonance. In other

00

€o

~words, string vibrations in resonance with
‘the alternating current frequency becomes
- apparent not-ondy-by the absence of the beats

‘but by the sustaingd character of the vibra-

tions. Adjustment to resonant frequency

‘may be effected by varying the separation of -
the bridges or by varying the tension on the

cated in a direct current

‘vibrations of said string.

forced vibrations imposed upon the
~ wire by the alternating ma
readily distinguished from the sustained vi-
brations thereof as resonant frequency is ap- | Hells 4t ustab. -
e - length of the string to place the latter in

resonance with the impulses from said elec-
tromagnet. ST

onetic field can be

1,908,258

wire. The former method is preferablé -
since the length of the wire may be so readily

measured. The adjusted vibrations being

“that of the alternating current, the above

formula may be checked by comparing the

calculated frequency with the known fre-

quency of the alternating current. _
The frequency of an alternating current
may be determined by utilizing a circuit such

as that shown in Fig. 5 wherein the impulses

to the string are effected by the alternating

counted by the impulse counter which is lo-
circult in series with

the contact breaker.

- The frequency of vibrations in the wire are

adjusted as aforesaid until resonance with
the alternating frequency is secured, where-
upon by means of the impulse counter 24
(which 1s in a direct current circuit in series
with the current interrupter) the frequency
may be read. S

It 1s apparent from the foregoing that the
1llustrative apparatus provides a simple

means for demonstrating the influence of

mass, length and tension on the frequency of

vibrations of the string.

- Obviously the invention is not limited to

the details of the apparatus since these may
!:)e variously modified. Moreover, it is not
indispensable that all features of the inven-

‘tion be used conjointly since various features
- may be used in different combinations and
sub-combinations. -

I claim as my __inv_'elition: - o
1. Vibrating string apparatus comprising

In combination, a pair of adjustably spaced

vibrating string bridges, a current interrupt-
er controlled by the vibrations of the string,

an electromagnet actuated by said current in-

70

current and the vibrations of the string are

80

85

90

-95

100

105_

terrupter for supplying impulses to vibrate

sald string, and an impulse counter con-

‘trolled by the current impulses in the mag-

net circuit for recording the frequency of

2. Vibrating string apparatus comprising
in combination, a pair of adjustably spaced
vibrating string bridges, an electromagnet
for supplying impulses to vibrate said
string, an alternating current circuit in
series with said magnet for providing im-
pulses on sald string corresponding to the

alternating current frequency, and means
for placing a known tension on said string,

‘said bridges being adjustable to ‘vary the'_lg_o

- 8. Vibrating string apparatus 'éOmPTiSihg

1n combination, a pair of adjustably spaced

vibrating string bridges, an electromagnet

for supplying impulses to vibrate said
string, a vibrating string across said bridges .

having means which adapt it to receive the

‘impulses from said magnet, an alternating

110

115

125

130
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sponding to the
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current circuit in series with said magnet for

providing impulses on said string corre-
sponding to the alternating current fre-
quency, and means for placing a known ten-
sion on said string, said bridges being ad-
justable to vary the length of the string to

place the latter 1n resonance with the 1m--

pulses from said electromagnet.

4. Vibrating string apparatus comprising.

in combination, a pair of adjustably spaced

vibrating string bridges, a vibrating string
stretched across said
bridges, an electromagnet for supplying 1m-

of magnetic material

pulses to vibrate said string, an alternating

current circuit in series with said magnet for

providing impulses on said string corre-

sion on said string, said bridges being adjust-

able to vary the length of the string to place
the latter in resonance with the impulses
from said electromagnet. R

5. Vibrating string apparatus compﬁ’siﬁg_.

in combination, a pair of adjustably spaced
vibrating string bridges, a vibrating string
of magnetic material stretched across said
bridges, an electromagnet for supplying 1m-

~ pulses to vibrate said string, a licht weight

- 30

40

contact device carried by said string, another

contact member with which said device
makes and breaks contact upon vibration of
said string, and an electric circuit in series
with said magnet and said contact device
and member for supplying impulses 1n syn-

chronism with the natural vibration of said

string. o R
6. Vibrating string apparatus comprising

in combination, a pair of adjustably spaced
vibrating string bridges, a vibrating string

of magnetic material stretched across sald

bridges, an electromagnet for supplying im-

pulses to vibrate said string, a light weight

 contact device carried by said string, a

45

650

mercury contact adjustable relative to said

contact device to vary the duration of con-.

tact, and an electric circuit in series with

said magnet and controlled by the contact

device to provide synchronous magnetic 1m-

“pulses to maintain the string in vibration.

7. Vibrating string apparatus comprising
in combination, a pair .of adjustably spaced

~ vibrating string bridges, a vibrating string

656

of magnetic material stretched across said

bridges, an electr()magnet _fOl_‘ .supplying im-
pulses to vibrate said string,

 contact device carried by said string, a con-

- 60

65

tact member with which said device makes

and breaks contact upon vibration of said

string, an electric circuit 1n series with said

magnet and said contact device and member

- for supplying impulses in synchronism with

the natural vibration of said string, and

means for adjusting the distance between
said string and magnet to vary the strength

L ] . . b ] - »
of the impulses on said wire.

alternating current fre-
quency, and means for placing a known ten-

a light weight

R
. o

8. The ﬁlethod of Checlzing- the f_:cequ,e‘licy

of an alternating current which 1s character-
ized by subjecting a magnetic vibrating

string of known properties to ‘a magnetic
field having a frequency corresponding to i
‘that of the alternating current, and then ad--
“justing the length of or tension in said
string until it vibrates in resonance with the
impulses of said magnetic field and then de-
“ducing the frequency of the alternating cur--
rent from the known characteristics of the

string.

9. Apparatus for studying the behavior of
vibrating strings comprising 1n combination,
aifixed string support, a pulley, a string se-
cured at one end to the support and passing’

over the pulley, a weight for the free end o

the string, a pair of bridges for adjusting
the effective length of the string, and electro-

magnetic means intermediate the bridges for

into the pool. - | |
10. Apparatus for studying the behavior

tively long
tending between

‘means for maintaining free vibrations of the
low {fre-

string at its natural relatively
quency, said means including a contact car-

70

80

.5
setting up and maintaining vibrations in the
~ strings, said means including a mercury pool

and a contact carried by the string dipping

00
of vibrating strings comprising in combina-
tion a base, a pair of string supports, a rela-

o string of magnetic material ex- -
the supports, and electric

05

ried by the string and a mercury pool co-

operating with the contact. -
"11. Apparatus for studying the behavior

of vibrating strings comprising in combina-
‘tion a base, a string support at one end of
‘the base, a pulley at
Dbase, a string of magnetic material extending

the other end of the

from the support over the pully and having
~and

a known weight secured to its free end

100

means controlled by the vibration of the

‘string for creating electric impulses in syn-

chronism with the natural vibration of the
string for maintaining such vibrations, said
means including a mercury contact. .~
studying the behavior

12. Apparatus for

110

of vibrating strings, comprising in combina-

tion a pair of string supports, a _
magnetic material exten ing between the

string of
, n the 115
‘supports and free to vibrate at its natural
frequency and having properties of length, -

mass and tension that give it a relatively low '

natural frequency and an electromafnet as-
_ or sup-
plying impulses to vibrate the strin% said
means including a contact carried Dby
string and a mercury pool cooperating with

sociated in proximity to the string

the contact. -

18. Vibrating string apparatus comprising
in combination, a pair of adjustably spaced
' ‘bridges, a-current mter- -
the vibrations of the
string, said interrupter comprising a mer-
cury cup and a contact member on said

vibrating string
rupter controlled by

the

125

130

120
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- string dipping into said cup, and an electro-

- magnet actuated by said current interrupter
for supplying impulses to vibrate said string,
and means for supporting said electromagnet

5 1n proximity to, but out.of contact with said

~ string during its vibration, whereby during
- - the operation of the device the string will
vibrate at its natural frequency. @
- In testimony whereof, I affix my signature.
10 -~ - PAUL E. KLOPSTEG.
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