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Instrument Sensitivity
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Leo Brady—Data we’ve got

3

Boxcar – Leeds – VSP÷5

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



Seismometer theory in 2 slides
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𝐹 = 𝑚𝑎 𝐹 = 𝑘𝑥

𝑚 ሷ𝑥 + 𝑘𝑥 = 0

෍𝐹 = 0

𝑚 ሷ𝑥 + 𝑏 ሶ𝑥 + 𝑘𝑥 = 0

Cartoons: University of Michigan

ሷ𝑥 + 2𝜆𝜔0 ሶ𝑥 + 𝜔0
2𝑥 = 0

Seismometer:
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ሷ𝑥 + 2𝜆𝜔0 ሶ𝑥 + 𝜔0
2𝑥 = 0

Seismometer:

𝑥 0 = 𝑥0; ሶ𝑥 0 = 0

Initial conditions for weight lift:

Deflection (from Hooke’s Law):

𝐹 = 𝑘𝑥 ⇒ 𝑥0 =
𝑚𝑤𝑔

𝑚𝑠𝜔0
2

Electromagnetic seismometer:

𝑉 𝑡 = 𝐺 ሶ𝑥 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡 𝜔𝑑 = 𝜔0 1 − 𝜆2

𝑡1 =
cos−1 𝜆

𝜔𝑑

𝑡2 =
𝜋 + cos−1 𝜆

𝜔𝑑
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ሷ𝑥 + 2𝜆𝜔0 ሶ𝑥 + 𝜔0
2𝑥 = 0

Seismometer:

𝑥 0 = 𝑥0; ሶ𝑥 0 = 0

Initial conditions for weight lift:

Deflection (from Hooke’s Law):

𝐹 = 𝑘𝑥 ⇒ 𝑥0 =
𝑚𝑤𝑔

𝑚𝑠𝜔0
2

Electromagnetic seismometer:

𝑉 𝑡 = 𝐺 ሶ𝑥 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡 𝜔𝑑 = 𝜔0 1 − 𝜆2

For horizontal-components,

Divide this by 2

𝑡1 =
cos−1 𝜆

𝜔𝑑

𝑡2 =
𝜋 + cos−1 𝜆

𝜔𝑑



1. Locate the first weight lift
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

8

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

9

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

10

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

11

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

12

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

13

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

14

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

15

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

16

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

17

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

18

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

19

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

20

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

21

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

22

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

23

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

24

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

25

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

26

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



2. Recover the weight lift

27

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



3. Measure instrument constants

28

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5



3. Measure instrument constants

29

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑓𝑐 ≈ 2.3 𝐻𝑧
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1

𝑓𝑐
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts

𝑓𝑐
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts

𝑉2 = 419 cts

𝑓𝑐
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts

𝑉2 = 419 cts

𝑉1
𝑉2

= 13.58

𝑓𝑐
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts

𝑉2 = 419 cts

𝛿 = ln
𝑉1
𝑉2

= 2.61

𝑓𝑐

𝑉1
𝑉2

= 13.58
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts

𝑉2 = 419 cts

𝛿 = ln
𝑉1
𝑉2

= 2.61

𝑓𝑐

𝑉1
𝑉2

= 13.58

𝜆 =
𝛿

𝜋2 + 𝛿2
= 0.6389
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts

𝑉2 = 419 cts

𝛿 = ln
𝑉1
𝑉2

= 2.61

𝑓𝑐

𝑉1
𝑉2

= 13.58

𝜆 =
𝛿

𝜋2 + 𝛿2
= 0.6389

𝑡1 𝑡2
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts

𝑉2 = 419 cts

𝛿 = ln
𝑉1
𝑉2

= 2.61

𝑓𝑐

𝑉1
𝑉2

= 13.58

𝜆 =
𝛿

𝜋2 + 𝛿2
= 0.6389

𝑡1 𝑡2

1

2
𝑇𝑑 = 𝑡2 − 𝑡1
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts

𝑉2 = 419 cts

𝛿 = ln
𝑉1
𝑉2

= 2.61

𝑓𝑐

𝑉1
𝑉2

= 13.58

𝜆 =
𝛿

𝜋2 + 𝛿2
= 0.6389

𝑡1 𝑡2

1

2
𝑇𝑑 = 𝑡2 − 𝑡1 = 0.42 s

𝜔𝑑 = 2𝜋𝑓𝑑 =
2𝜋

𝑇𝑑
= 7.48
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts

𝑉2 = 419 cts

𝛿 = ln
𝑉1
𝑉2

= 2.61

𝑓𝑐

𝑉1
𝑉2

= 13.58

𝜆 =
𝛿

𝜋2 + 𝛿2
= 0.6389

𝑡1 𝑡2

1

2
𝑇𝑑 = 𝑡2 − 𝑡1 = 0.42 s

𝜔𝑑 = 2𝜋𝑓𝑑 =
2𝜋

𝑇𝑑
= 7.48 𝜔𝑑 = 𝜔0 1 − 𝜆2 𝜔0 = 9.72 𝑓0 = 1.54 Hz



4. Solve for generator constant
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡

𝑡1 =
cos−1 𝜆

𝜔𝑑

𝑉 𝑡1 = −𝐺1
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡1
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡

𝑡2 =
𝜋 + cos−1 𝜆

𝜔𝑑

𝑉 𝑡1 = −𝐺1
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡1

𝑉 𝑡2 = −𝐺2
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡2

𝑡1 =
cos−1 𝜆

𝜔𝑑
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡

𝑉 𝑡1 = −𝐺1
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡1

𝑉 𝑡2 = −𝐺2
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡2

𝐺 =
𝐺1 + 𝐺2

2

cts

Τm s

𝑡2 =
𝜋 + cos−1 𝜆

𝜔𝑑

𝑡1 =
cos−1 𝜆

𝜔𝑑
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡

𝑉 𝑡1 = −𝐺1
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡1

𝑉 𝑡2 = −𝐺2
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡2

𝐺 =
𝐺1 + 𝐺2

2

cts

Τm s

𝑚𝑤 = 0.255 g 𝑚𝑠 = 107.5 𝑘g 𝑔 = 9.80665 Τ𝑚 𝑠2

𝑡2 =
𝜋 + cos−1 𝜆

𝜔𝑑

𝑡1 =
cos−1 𝜆

𝜔𝑑
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

▪ G is units of digital counts per velocity
▪ per velocity of seismic mass motion

▪ Seismic mass doesn’t move 1:1 with ground motion
▪ It moves less

ሷ𝑥 + 2𝜆𝜔0 ሶ𝑥 + 𝜔0
2𝑥 = 0

Undriven seismometer:

ሷ𝑥 + 2𝜆𝜔0 ሶ𝑥 + 𝜔0
2𝑥 = − ሷ𝑢

Driven seismometer:

Arbitrary acceleration

(Earth ground motion)
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ሷ𝑥 + 2𝜆𝜔0 ሶ𝑥 + 𝜔0
2𝑥 = − ሷ𝑢

Driven seismometer:

Arbitrary acceleration

(Earth ground motion)

ℱ ሷ𝑥 + 2𝜆𝜔0 ሶ𝑥 + 𝜔0
2𝑥 = ℱ − ሷ𝑢

⇒ −𝜔2 + 𝑖2𝜆𝜔0𝜔 + 𝜔0
2 ො𝑥 = 𝜔2 ො𝑢

Fourier Transform:

Solve for Earth movt per mass movt

ො𝑢

ො𝑥

2

=
𝜔0
2

𝜔2 − 1

2

+ 4𝜆2
𝜔0
2

𝜔2

Magnitude as a

function of frequency
earth movt

mass movt
…in units of
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Boxcar – Leeds – VSP÷5
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Boxcar – Leeds – VSP÷5
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𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡

𝑚𝑤 = 0.255 g 𝑚𝑠 = 107.5 𝑘g 𝑔 = 9.80665 Τ𝑚 𝑠2



𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts 𝑉2 = 419 cts

𝑡1 𝑡2



𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡
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𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts 𝑉2 = 419 cts

𝑡1 𝑡2

𝛿 = ln
𝑉1
𝑉2

= 2.61
𝑉1
𝑉2

= 13.58

𝜆 =
𝛿

𝜋2 + 𝛿2
= 0.6389



𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡
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𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts 𝑉2 = 419 cts

𝑡1 𝑡2

𝛿 = ln
𝑉1
𝑉2

= 2.61
𝑉1
𝑉2

= 13.58

𝜆 =
𝛿

𝜋2 + 𝛿2
= 0.6389

1

2
𝑇𝑑 = 0.42 s 𝑇𝑑 = 0.84 s



𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡
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𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts 𝑉2 = 419 cts

𝛿 = ln
𝑉1
𝑉2

= 2.61
𝑉1
𝑉2

= 13.58

𝜆 =
𝛿

𝜋2 + 𝛿2
= 0.6389

𝑡1 𝑡2

1

2
𝑇𝑑 = 0.42 s

𝜔𝑑 = 7.48

𝜔𝑑 = 𝜔0 1 − 𝜆2 ⇒ 𝜔0 = 9.72

𝑇𝑑 = 0.84 s



𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡
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𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑉1 = −5692 cts 𝑉2 = 419 cts

𝛿 = ln
𝑉1
𝑉2

= 2.61
𝑉1
𝑉2

= 13.58

𝜆 =
𝛿

𝜋2 + 𝛿2
= 0.6389

𝑡1 𝑡2

1

2
𝑇𝑑 = 0.42 s

𝜔𝑑 = 7.48

𝑇𝑑 = 0.84 s

𝑚𝑤 = 0.255 g 𝑚𝑠 = 107.5 𝑘g 𝑔 = 9.80665 Τ𝑚 𝑠2

𝜔𝑑 = 𝜔0 1 − 𝜆2 ⇒ 𝜔0 = 9.72 𝑡1 =
cos−1 𝜆

𝜔𝑑
= 0.12 s 𝑡2 =

𝜋 + cos−1 𝜆

𝜔𝑑
= 0.54 s



𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡
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𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑡1 𝑡2

𝑉 𝑡1 = −𝐺1
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡1

𝐺1 = 4.9327 × 109



𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑡1 𝑡2

𝑉 𝑡1 = −𝐺1
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡1

𝐺1 = 4.9327 × 109

𝑉 𝑡2 = −𝐺2
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡1

𝐺2 = 4.9327 × 109



𝑉 𝑡 = −𝐺
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡 sin𝜔𝑑𝑡

Let’s calibrate some data
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑉1

𝑉2

𝑓𝑐 ≈ 2.3 𝐻𝑧

𝑡1 𝑡2

𝑉 𝑡1 = −𝐺1
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡1

𝐺 =
𝐺1 + 𝐺2

2
= 4.9327 × 109

cts

Τm s

𝐺1 = 4.9327 × 109

𝑉 𝑡2 = −𝐺2
𝑚𝑤𝑔

𝑚𝑠𝜔𝑑
𝑒−𝜆𝜔0𝑡1 sin𝜔𝑑𝑡1

𝐺2 = 4.9327 × 109



Let’s calibrate some data
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝐺 = 4.9327 × 109
cts

Τm s

𝑀2 𝜔 =
ො𝑢

ො𝑥

2

=
𝜔0
2

𝜔2 − 1

2

+ 4𝜆2
𝜔0
2

𝜔2

earth movt

mass movt



Let’s calibrate some data
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝐺 = 4.9327 × 109
cts

Τm s

𝑀2 𝜔 =
ො𝑢

ො𝑥

2

=
𝜔0
2

𝜔2 − 1

2

+ 4𝜆2
𝜔0
2

𝜔2

earth movt

mass movt

𝑀2 𝜔𝑑 =
ො𝑢

ො𝑥

2

=
𝜔0
2

𝜔𝑑
2 − 1

2

+ 4𝜆2
𝜔0
2

𝜔𝑑
2



Let’s calibrate some data
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝐺 = 4.9327 × 109
cts

Τm s

𝑀2 𝜔 =
ො𝑢

ො𝑥

2

=
𝜔0
2

𝜔2 − 1

2

+ 4𝜆2
𝜔0
2

𝜔2

earth movt

mass movt

𝑀2 𝜔𝑑 =
ො𝑢

ො𝑥

2

=
𝜔0
2

𝜔𝑑
2 − 1

2

+ 4𝜆2
𝜔0
2

𝜔𝑑
2

𝑀 𝜔𝑑 = 1.7985
earth movt

mass movt



Let’s calibrate some data
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝐺 = 4.9327 × 109
cts

Τm s

𝑀 𝜔𝑑 = 1.7985
earth movt

mass movt

Peak ground velocity (PGV)



Let’s calibrate some data
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝐺 = 4.9327 × 109
cts

Τm s

𝑀 𝜔𝑑 = 1.7985
earth movt

mass movt

𝑃𝐺𝑉 = 14233 cts

Peak ground velocity (PGV)



Let’s calibrate some data
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝐺 = 4.9327 × 109
cts

Τm s

𝑀 𝜔𝑑 = 1.7985
earth movt

mass movt

𝑃𝐺𝑉 = 14233 cts

𝑃𝐺𝑉 =
14233 × 5 cts

10−
84 dB
20

×

1 Τm s
4.9327 × 109 cts

10−
48 dB
20

×
1.7985 earth movt

1 mass movt
= 0.1637 Τcm s



Let’s calibrate some data
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝐺 = 4.9327 × 109
cts

Τm s

𝑀 𝜔𝑑 = 1.7985
earth movt

mass movt

𝑃𝐺𝑉 = 14233 cts = 0.1637 Τcm s

𝑃𝐺𝑉 = 31.1𝑊 .505𝑅−1.58
Murphy & Lahoud (1969) Analysis of seismic peak amplitudes from underground 

nuclear explosions. Bull. Seismo. Soc. Am., 59(6).



Let’s calibrate some data
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝐺 = 4.9327 × 109
cts

Τm s

𝑀 𝜔𝑑 = 1.7985
earth movt

mass movt

𝑃𝐺𝑉 = 14233 cts = 0.1637 Τcm s

𝑃𝐺𝑉 = 31.1𝑊 .505𝑅−1.58 = 0.1620 Τcm s

Murphy & Lahoud (1969)

𝑊 = 1300 kt 𝑅 = 276 km

BOXCAR Leeds, UT



Let’s calibrate some data
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝐺 = 4.9327 × 109
cts

Τm s

𝑀 𝜔𝑑 = 1.7985
earth movt

mass movt

𝑃𝐺𝑉 = 14233 cts = 0.1637 Τcm s

𝑃𝐺𝑉 = 31.1𝑊 .505𝑅−1.58 = 0.1620 Τcm s

Murphy & Lahoud (1969)

𝑊 = 1300 kt 𝑅 = 276 km

BOXCAR Leeds, UT
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1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝐺 = 4.9327 × 109
cts

Τm s

𝑀 𝜔𝑑 = 1.7985
earth movt

mass movt

𝑃𝐺𝑉 = 14233 cts = 0.1637 Τcm s

𝑃𝐺𝑉 = 31.1𝑊 .505𝑅−1.58 = 0.1620 Τcm s

Murphy & Lahoud (1969)

𝑊 = 1300 kt 𝑅 = 276 km

BOXCAR Leeds, UT



Instrument Response
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Comparison of freq. resposnes
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Building an instrument response
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Building an instrument response

෠𝑇𝑉 𝜔 =

Velocity

transfer function

𝜔𝑠 = 2𝜋 ⋅ 1.54 Hz

𝜆𝑠 = 0.6389

𝜔𝑔 = 2𝜋 ⋅ 5 Hz

𝜆𝑔 = 0.675

𝜔2

𝜔𝑠
2 − 𝜔2 + 𝑖2𝜆𝑠𝜔𝑠𝜔

⋅
1

𝜔𝑔
2 − 𝜔2 + 𝑖2𝜆𝑔𝜔𝑔𝜔

Seismometer
(Benioff 1051/1101)

Galvanometer
(Geotech Model 4100-13)
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Building an instrument response

෠𝑇𝑉 𝜔 =

Velocity

transfer function
𝜔2

𝜔𝑠
2 − 𝜔2 + 𝑖2𝜆𝑠𝜔𝑠𝜔

⋅
1

𝜔𝑔
2 − 𝜔2 + 𝑖2𝜆𝑔𝜔𝑔𝜔

Seismometer
(Benioff 1051/1101)

Galvanometer
(Geotech Model 4100-13)

⋅
𝑖𝜔𝑄 2

𝜔𝑐,ℎ𝑝 + 𝑖𝜔
⋅

𝜔𝑐,𝑙𝑝
2

𝑤𝑐,𝑙𝑝
2 −𝜔2 + 𝑖𝜔𝜔𝑐,𝑙𝑝𝑄

−1

1st order

highpass

2nd order

lowpass

𝑄 = −3 dB

𝜔𝑐 = 0.01 Hz

𝑄 = −3 dB

𝜔𝑐 = 8 Hz

Filter FL201
(Geotech PTA Model

4300 Manual, Fig. 4)
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Building an instrument response

෠𝑇𝑉 𝜔 =

Velocity

transfer function
𝜔2

𝜔𝑠
2 − 𝜔2 + 𝑖2𝜆𝑠𝜔𝑠𝜔

⋅
1

𝜔𝑔
2 − 𝜔2 + 𝑖2𝜆𝑔𝜔𝑔𝜔

Seismometer
(Benioff 1051/1101)

Galvanometer
(Geotech Model 4100-13)

⋅
𝑖𝜔𝑄 2

𝜔𝑐,ℎ𝑝 + 𝑖𝜔
⋅

𝜔𝑐,𝑙𝑝
2

𝑤𝑐,𝑙𝑝
2 −𝜔2 + 𝑖𝜔𝜔𝑐,𝑙𝑝𝑄

−1

1st order

highpass

2nd order

lowpass

Filter FL201
(Geotech PTA Model

4300 Manual, Fig. 4)

⋅
𝑖𝜔𝑄 2

𝜔𝑐,ℎ𝑝 + 𝑖𝜔
⋅

𝜔𝑐,𝑙𝑝
2

𝑤𝑐,𝑙𝑝
2 −𝜔2 + 𝑖𝜔𝜔𝑐,𝑙𝑝𝑄

−1

Phototube Amp
(Geotech PTA Model

4300 Manual, Fig. 11)

𝑄 = −3 dB

𝜔𝑐 = 0.01 Hz

𝑄 = −3 dB

𝜔𝑐 = 5 Hz
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Building an instrument response

෠𝑇𝑉 𝜔 =

Velocity

transfer function
𝜔2

𝜔𝑠
2 − 𝜔2 + 𝑖2𝜆𝑠𝜔𝑠𝜔

⋅
1

𝜔𝑔
2 − 𝜔2 + 𝑖2𝜆𝑔𝜔𝑔𝜔

Seismometer
(Benioff 1051/1101)

Galvanometer
(Geotech Model 4100-13)

⋅
𝑖𝜔𝑄 2

𝜔𝑐,ℎ𝑝 + 𝑖𝜔
⋅

𝜔𝑐,𝑙𝑝
2

𝑤𝑐,𝑙𝑝
2 −𝜔2 + 𝑖𝜔𝜔𝑐,𝑙𝑝𝑄

−1

1st order

highpass

2nd order

lowpass

Filter FL201
(Geotech PTA Model

4300 Manual, Fig. 4)

⋅
𝑖𝜔𝑄 2

𝜔𝑐,ℎ𝑝 + 𝑖𝜔
⋅

𝜔𝑐,𝑙𝑝
2

𝑤𝑐,𝑙𝑝
2 −𝜔2 + 𝑖𝜔𝜔𝑐,𝑙𝑝𝑄

−1

Phototube Amp
(Geotech PTA Model

4300 Manual, Fig. 11)
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Final calibration

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5

𝑓𝑑 = 1.1905 Hz
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Final calibration

1986 APR 26 Boxcar (1.3 Mt // NV-209) @ Leeds, UT: VSP÷5




