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21-Hole Torsion Pendulum

— fiber, 20um diameter, 80cm length, tungsten

N —4 nm'ro rs for tracking angle of de_ﬂection

2‘1"‘#f6‘ld axial symmetry, molybdem:lm disc,
Imm thick

| not pictured, 10um thick Au-coated BeCu
' membrane, electrostatic shield

— Attractor : rotating pair of discs, rotated out of
phase with each other to cancel gravity




separation determined by
fitting capacitance vs. z to a
finite-element calculation

Slice: electric potential (V)

gives separation to better than 1 micron



LoNg of al., Matwre 43, 922 ( 2203)
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Stanford Experiment (A Kaltulnlk et al.)

* Low- -temperature micro- cantllevers

50 x 50 x 30 um? Gold Test Mass | Fiber for interferometer

Cantﬂeverﬁ ” Cover wafer
Cantilever |

Au/S1 Drive Mass

Shield wafer | . Metallization

Drive mass

Piezo Actuato
(+/- 130 pm a
All Figures courtesy of S.J. Smullin | Figure Not to Scale

C.D. Hoyle, Gunnar Nordstrom Symposium on
Helsinki, 28 August, 2003
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*Tightly stretched, 10-
um thick, Au-coated
BeCu foil shields
electrostatic effects.

*Placed 12 um above
rotating attractor




assembling the pendulum and attractor

Pendulum is Au-coated;
conducting membrane and
Au-coated magnetic shield (not
shown) surround it to minimize
electrostatic interactions. |




© [urad]

42- hole data Tuktn ot 2 repamdion o 75 pm
. T T I 7 ! L B— T ' |

0.25

0.20

0.15

0.10 |
0.05 L1 #1 1!

0.00 s

-0.10 |-
-0.15
-0.20 -

-0.25 -

-005F |t |11

j i

[RRA }'h.:'... f I -#L# * i I
T i

#
;

0

5'0 1o|0 w0 2(;0 | 2';0 a0 3*;0-
phi(degrees) o
[ Free forsionad oscillations supprged by diital fitter)



qw (alibrokion

10° F

- pwr/Hz in theta [prad? s]
o

— .
<

o

I

—t

<
~
|

Tlw N

Hu

i m

Illll i i llllll' ] i I N N N A B

1 2 5 10 20 50 100
signal frequency [w./w]



caflbrgnor

- free osallgon [ | - ]

Lam)
=)
]

Y
(@]
S
|
|

pwr/Hz in thetalurad? s]
* I
| _ ,‘

=
N
|

[}
£~
|

- — e o e e

rtadowt noise -

IIIII 1 1 lllllll 1 1 | SN AN B T T

2 5 10 20 50 100
signal frequency [w, / w]

S
o
|

e
o

— 84



— a—
3 3
| i

S
N

Y

S
N
|

[}
&~
|

107 -

pwr/Hz in twist signal [purad? s]
=3
|

Ll

0.5

1

2 5 10 20
signal frequency [w./w]



- [WN4] anbuoy

<
o

-0.2

=
s|enpisay 0|z

10

0.07 0.1

0.05

s [mm]



o~ . .
o o o S

b
NG =nbAetL s|enpisay O|Z

10

0.1

7

0.0

0.05

s [mml]



=
Z
Y=
Sl
@
-
o
G
—
v
w——
(L)
o
0
n
(O]
o
<,
N

e
w—
i

o
o

|
o
—

|
- .
I

o -

L ]

L, 4

lllllll

0.05

0.07

0.1

s [mm]

1

10



[WN4] @nbuio|

sienpisay 0|7

0.07 0.1

0.05

s [mm]



21w Residuals
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