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Vibrating objects

Traditional resonators used: vibrating wires, spheres, grids, oscillating discs,..

- resonators are immersed in liquid and bring into forced oscillations,
- properties of the liquids inferred from the resonance characteristics

Equation of motion: X+ X+ a)02X = f, exp(iwt)

Physical quantity being measured - voltage or current.

Vibrating wire

Tuning fork

A Vibrating Wire Resonator

t /_y‘ﬁ 100 microns
/

Dave Clubb et al., JLTP 136 Nos.1/2 (2004), 1
Rob Blaauwgeers et al., JLTP 146 Nos. 5/6 (2007)
plus many others

S.N.Fisher et al., PRL 63 2566 (1989)
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Mechanical resonators - basic properties

Equation of motion: .. . 2 .
? X+ 7%+, x = f exp(iat)

tunlng fork

A Vibrating Wire Resonator

' /‘y“{w 100 microns
/

— is the constant
vibrating wire

Velocity of the object:

dx(t)
dt V(@) = V(@)

V. = Bl —=

v, +io(w) — o —y,o)

(a)(f @ - 7/1a))2 +yiw’
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Voltage measurements of vibrating wires - theory

Phase sensitive detection technique (lock in) in frequency range up to few kHz).

Typical experimental arrangement

c L — -\ :
in__| |w R . | i
@D » L""" Cmr_ g R_%l

2
V.. = K(@)V. +V,

—

grd

Analysis of the circuitry — superposition theorem

For the total voltage V. being measured one can get (simplified form):

out

. . R.R
| R 10, R— N
V=V ——I,'W +V | = — L, R+R
R R R
Transformers !
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Voltage measurements of vibrating wires - experiment

Total measured voltage:

If B=0T, then V,=0 Volts, and V,, is:

If R, =0, then in phase component is zero

In phase component
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Vibrating wire with transformer — theory

As T— 0K, in superfluid 3He-B dominant scattering process is Andreev
reflection. Therefore, the wire (and any other mechanical resonator) is driven
at low velocities.

V. = Blv

This induced voltage becomes comparable with noise voltage of preamplifier as
it operates at room temperature. Low temperature transformers are used to improve
the signal to noise ratio.

Typical experimental arrangement:

R l; Transforrmer
C; \-—bl—‘ R Rs ‘\ +:
W L To ]
—— 1 f—p— m l:
n L Co : Vout
P LS
| 1 : N
I

For transformer the “T” model has been used.
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Vibrating wire with transformer — theory

Typical experimental arrangement:

Superposition theorem:

ngrd =N

R _I._D_ Transforrmer
C \—bl—‘ RP RS ‘\ L {
@ = e = V. Ril
— L w—— V'm :
w L o = Vout
P LS
1 : N
—— — 1
Let assume that R, >> R, R >>abs(iwM) and Qo=@ L.C,
Vour =Vogra + kK(w)V.
Yo [RR +@’L(L +M)—ioLR | V. —nv|1 @R MY L,
R, " " P P | 7ot " (RR,)’ +@’R*(L, + M)’

Higher transformer gain leads to a nontrivial amplitude-frequency response.




Vibrating wire with transformer — experiment

Measurement performed on wire of diameter 4.5 ym having f, = 700 Hz.
Transformer with gain N=30 and B=0Tesla.

In phase voltage, uV

Allows determine R,, and slope determines L, (L,+M)/RR
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Current measurements — tuning forks

Typical measurement setup

C

()

Re

Ci

N

.................

— 1
. \ .
= +
C,

1,0 +io(w) — 0" —7,0)

V(@) = V(@)

2 2 2 2
(a)o =, —7/16())2 + 750

Superposition theorem:

VO :ngrd (Vg)+ Z(a))IF
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Current measurements — tuning forks

C
|1
11
Im
é | Q .
R, == FL
Vs 2 =T ——
Ry & Co
Bgrd voltage: |
grd voltage Vogra =~ Z, 1 | ®’R:RCC, _&Hka)RFC v,
R1+22 1+((0C0Ri) 22 ?
7 |
Z = R2 k - RICO
2 1+ ia)chi Zc
Signal voltage: |
sig 1+(wRiCO)2 F'F
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Current measurements — tuning forks - experiment

Let discuss first influence of the background voltage

Z2

1

Vo=
W R 4+Z, 1+ (oCyR )
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2

Proper I/V converter R — 0Q and R, — 0Q, then

Measurements in vacuum @ T ~1K
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Current measurements — tuning forks - experiment

Effect of non zero input resistance (R # 0Q2) of an |/V converter on measurements

In phase voltage, mV
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Nearly all commercial available lock-in amplifiers having I/V converters have

Ri # 0Q
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Current measurements — grids and torsional oscillators

Typical measurement setup

Ii(t):VDcﬁ _VDC &Vi Vi(a)):\/i(a)o)yzw +ia)(a)o_w _7/10))

dt d (@} -0 - y0f + 0

Superposition theorem (1, is not contributed to V):

VO :ngrd (Vg)+ Z(C())lz
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Current measurements — grids and torsional oscillators

Grid measurement setup: Ce

l
T
L
T

VO :ngrd (Vg)+ Z((())lz
Vigra == R iZZZ - (a)éo R {a)2 R-RC.C, —% +ikaoR C, |V,
Vo= o R (@) 0=V, %
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Current measurements — grids - experimental

Measurements performed using a Lancaster grid at f, ~ 1kHz and Q ~ 10°
Proper |/V converter having R, — 0Q, then V

Z, R .
=— ——+10R.C, |V
bgrd R1 n Z2 Z2 F™~P g

berd CAN DE expressed as:
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Allows ratio R,/(R,*+Z,) to be

determined experimentally ~ 0.0015 Allows Cp to be measured Cp, 7.7 pF

Problem with ground! _
Trieste 19.3.2008 Workshop on Quantum Turbulence



Conclusion

Voltage measurements on vibrating wires:

- easy to measure and determine the background when B=0T ;

- direct wire measurements — an agreement between the model and
experiment;

- transformers improve signal to noise ratio, but they change the frequency
dependence of background (can be measured) and reduce input impedance
of the preamplifier (R/N?);

- higher N results in nontrivial (resonance) response of the background
voltage;

- Instead of using R to determine current — use proper V/I converter.

Current measurement tuning forks, grids and torsional oscillators:

- impossibility to measure pure background like for vw’s;

- non-zero input impedance of the I/V converter affects precision

of measurements;

- ground problems - resistive attenuators dividers followed by

a voltage follower providing impedance insulation and proper voltage

source;
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