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K p, =10°[kg / m°] ,

T=203K If 7 ¥ % J¥ prpo =0.017[kg/m’] : T=373K W 7 K % &
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BHERE, FAENE. NEIEN BN, ANESAHREN, WRNNE 3d
/N B BB B R

B ELRFPFERAMSRRCEIRE. 8 R4EHE B ESE, HE
BIIRREFIH . B0, X 10V BE, BB HHEES O SN
L, KEFHTIRESE, BFHhEETPFHBSERKEERPNESLS R
3d. Q% U BIZRMEAKH (0. 8 43)
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3e. B B NAE T SHEE (1.54)

FRER AFfSe M SLS5U m%R, Rl TR AR

fo

o MR O R SR IR N R, T B SR A R B AR R 22

R TMEOT 100 % o X con=343m/s, R R BETE I B4 FE AR
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FVUE Iy B S E A (1.5 )

Ve 8] A2 LA WIm?2 Sk Ay &8 B B AT TR RE 8 i 381 1) i /N 78 2 o B o [ B 5 7 5 1Y)
B A 5, (E 2000Hz [T [ 9 1o=10"2W/ m? . X logio(1/10)FRYE 75 38 2%
(SIL), H AN IR (BelD, &5 NI (B). sLbr KA 10SIL=10logo(l/lo)
RFAE, HEAL A4y UL (deciBel) Bif# 5 A dB.

KA MEE (MRS EREAR)D

ARSI TR A AR (K 4.19)
1) RBURAES(A)

2) Zi=tkit(B)

3) A% H L5 %26 (C,D)

4) "JAFEFH(E)

5) HAL(F)

1 &

1. MR K] 4.2 YEESRIG R B

2. IR AR5 R A= 28 1 FIR T %

3. Lk BRI AR A R R R T e B T A A B
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NE
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A, DNE B 5 T BRI £l s S B. INE B 5 AT BB SR frign o
1. W EN ERE B CGEEIFETHELATN L, Hramii), HENR
HEIAFIR K,
2. IN5E WT TSR EN B B AR f1oy o DSBS AR, [ B 088 7 2 (R AR A
BRESUR AR A AT R S B SO e, P ) AR FL B s B R BIOR A dR R
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e THEORETICAL COMPETITION
Marking Scheme
ot Asian Physics Olympiad
Ulaanbaatar, Mongolia (April 22, 2008 )

oo

Problem 3. How does a superluminal object look like?

1. Radiating superluminal dot

(1) Expressionof t intermsof d,t, w and .

t =t +4d?+ (vthi/u

1.0
(2) The apparent position x; intermsof d and &.
xy = —dcotf
1.0
The observed time ¢, of the first appearance in terms of d,+ and 4.
_d
t, = ;TEII]EI 1.0
(3) The apparent position(s) x'(t) intermsof ,8,¢ and t,.
—_—
x} = vcot?8 (—t + lz:n::-s_llﬁ?'d%}l:f2 - tﬂz) 20

|
x. = veot™8 (—t - ccrs_iﬁ'dt: - tuz)
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(4) The apparent velocity(s) «'(t) intermsof v,8,t and t,.

vi(t) =v cot?8{—1 + 1/[cosh 1 — (t,/t)7]}

along the + x axis 1.0
v () = v cot?8{—1 — 1/[cosh/1 — (t,/t)7]}
along the — x axis
(5) The apparent velocity(s) " of the first appearance of the particle
vy = —c0 along the + x axis
0.2
v, = oo along the — x axis

(6) The apparent velocity(s) «" of the particle at infinite distances in terms of + and u

v, =vuf(v+u) = u/(l+cosb)
along the + x axis

v! = —vu/(v—u) =-u/(1-cosb)

along the — x axis

0.2

(7) The graph of the apparent velocity " versus time t. (Remember to write down the

asymptotic values of the apparent velocity).

1.0




M O N G O L I A
\ . 2
( Q
Y AP0
) LN
20-28 April 2008+ Ulaanbaatar

(Mongolia)

Marking Scheme Problem 3, 9t Asian Physics Olympiad

(8) An apparent velocity CAN / CANNOT exceed the light speed in the vacuum. Circle the
correct answer.

Can 0.2
Can not

1.1. Radiating linear object
A. Parallel movement

(9) The time interval of complete appearance of the whole linear object from the first
appearance of its front point. (in terms of L,y and v)

At = L/(yv) 0.3

(10) The apparent length(s) of the object at the moment of its complete appearance.
(intermsof 4 ,L,6 and y)

L, cos 6 |

—— 0.4
—+1
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B. Perpendicular movement

(11)  Show that the x and y coordinates of any given point of the object satisfy an elliptic
equation

0.7

(12)  The position x_ of the centre of symmetry of the ellipse in terms of +»,¢ and &.

x_ = —vtcot’f 0.5

(13)  The lengths of the semi-major and semi-minor axes of the ellipse in terms of v, + and
8.

B cosd
a=vt sin?@ 0.5
b = vt cotd
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Sample solutions

1a. Characteristic of the supersonic microphones

(Amplitude of input signal is 1 V, constant).

Voltimeter

f, Hz UV | U/Una
38600 155 0.168
39000 245 0.266
39400 470 0.511
39800 830 0.902
39850 865 0.940
39900 895 0.973
40000 915 0.995
40020 910 0.989
40100 885 0.962
40200 820 0.891
40400 660 0.717
40600 470 0.511
40800 300 0.326
41000 205 0.223
41200 144 0.157
41300 125 0.136
41400 110 0.120

@O generator
L 1]
(p
amplifier
s @ @ 2
| )
—1 1 l:‘|
14 cm
_— =
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]

’0
-

0.9

L 2
*

0.8

0.7 *

0.6

0.5 * *

U /Umax

s 4

0.4

0.3

0.2 *

0.1

0
38500 39000 39500 40000 40500 41000 41500

frequency, Hz

Fig 2. Characteristic of super sonic microphone. Amplitude of input signal 1V.

The microphones system of source and detector’s is high sensitivity in the range frequency
Af =40 kHz £ 600 Hz .

Amplifier amplified signal in the range frequency 10 kHz- 200 kHz.

1b. Dependence amplitude emitted signal of angle

Amplitude of Amplitude of
angle, degree signal U, mV U/Umax angle, degree signal U, mV U/Umax

0 300 1 250 30 0.10
10 280 0.93 260 33 0.11
20 260 0.87 270 32 0.11
30 200 0.67 280 52 0.17
40 150 0.50 290 65 0.22
50 120 0.40 300 100 0.33
60 100 0.33 310 120 0.40
70 68 0.23 320 150 0.50
80 50 0.17 330 200 0.67
90 30 0.10 340 260 0.87
100 30 0.10 350 280 0.93
110 30 0.10 360 300 1.00
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<;/D

o
= =]

axis

40 kHz

angle u,Vv U/Umax | angle U,V | U/Umax
5 0.68 1 180 | 0.068 0.100
10 0.66 0.971 210 | 0.038 0.056
20 0.62 0.912 240 | 0.034 0.050
30 0.55 0.809 250 | 0.046 0.068
40 0.45 0.662 270 | 0.082 0.121
50 0.365 0.537 300 | 0.245 0.360
60 0.26 0.382 330 | 0.53 0.779
70 0.18 0.265 335 | 0.57 0.838
80 0.105 0.154 340 0.6 0.882
90 0.072 0.106 345 | 0.64 0.941
100 0.08 0.118 350 | 0.66 0.971
120 0.095 0.140 355 | 0.68 1.000
150 0.014 0.021 360 | 0.68 1.000
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Part 2. Interference of Wave.
2a. Observation the Interference of Ultra Sound Wave.

Fill the table ( Correct or Incorrect).

a) and b) The resultant standing wave y equation will be the sum of y; and y»:
y = 1 sin(kr —wt) + yo sin(kr 4+ wi).

Using a trigonometric identity to simplify, the standing wave is described by:

y = 2y cos(wt) sin(kx).

c) In the positions A we can observe standing wave, but in the positions B only detects
reflected waves.

mirror

source



http://en.wikipedia.org/wiki/Trigonometric_identity
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mirror
image of
: source source
.-
..
! detector i

mirror
image of
source

detector

IIIIIIIIIII
lf
L

)
"--\.
+

f) and g)

mirror

source

D deteclor

2b. Determination the Wavelength.

Y=A+B*X
120 4

Parameter Value Error /
100 A 29.91947 0.11883

B 4.31772 0.01128

distance SM, mm

T T T 1
-2 0 2 4 6 8 10 12 14 16 18 20

number of antinodes
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n,
dy = SM o number dy —

N mm | s of z

antinodes | 2, MM

in SM
0 29.5 6.88 7 -0.53
1 34.5 8.04 8 0.18
2 38.5 8.97 9 -0.11
3 42.5 9.91 10 -0.40
4 47.5 11.07 |11 0.31
) 51.5 12.00 |12 0.02
6 56 13.05 |13 0.23
7 60.5 14.10 14 0.44
8 64.5 15.03 |15 0.15
9 69 16.08 | 16 0.36
10 73 17.02 |17 0.07
11 77.6 18.09 |18 0.38
12 81.5 19.00 |19 -0.01
13 86 20.05 |20 0.20
14 90 2098 |21 -0.09
15 94.5 22.03 | 22 0.12
16 99.2 23.12 | 23 0.53
17 103 2401 |24 0.04
18 108 25.17 | 25 0.75

average 0.14

abs dev 0.23
From graph, < Aoyp == 2 = 4318 mm = 863 mm AL=2 =001 mm =002 mm
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Theoretically
_ 344000 mm

Apeoyr = ————— = 5.60 mm

40000

“exp

£ =

Atheor

=03 %

2c. Observation the Standing Wave.

Fill the tables by marks ANT (antinode) or NODE (node) for the observed standing wave.

A) On the surface of the mirror

Detection signal level

On the surface of the
mirror

Expression

Maximal

Node

Mirror is closed end

Minimal

Node

Mirror is closed end

B) On the surface of the source

Detection signal level

On the surface of the
source

Expression
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Maximal Antinode See Figure D1
Minimal Node See Figure D2
S

w

Figure D1
SO O
Figure D2

3. The Doppler effect

Make an adjustment of instrument for the measurement the Doppler effect from the side of disk, observe

effect.

3a. Write formula

Mirror receding: vy=-1; v, =v

Mirror approaching: v;=1v; v, =—v

Solution: In this situation there two Doppler shifts. In the first shift, the mirror is the receding “Receiver”.

The frequency of sound reaching the mirror

n=0uvg=—vf=F
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In the second shift, the mirror acts as a source of sound with frequency f', and the receiver is the Detector.

The frequency of sound reaching the detector

C

eEviva=0 =100

Then the frequency measured by the detector is

o c _ c— v
J1E_f-£+'r:1_’fc‘°uc+'r:1
cC—1 2v
ﬂf:f"_f:fﬂ(l_c+v):c+vf"
3b. Simple formula
yv=({1+x)"*%1+nx

_1ye .
v<c f«%fo{HE} N f(1F20)
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Oder solutions:

. |f|:~ - fl - ) r 5
3al. Angular incidence and angular detecting e I b C & COSO *[1+cos(a+§)]
Solution:

vAL 5
A'B': A=cAt+ AB'cos(a+ f) = cAt + cos{a+ f) ‘
COS cAt
vAL B
BE'": cAt=A,+AB =4+
COSG ao N\ |p
"0
Ao ¢ —v/cosa Mirror
A c+wvcos(a+ f)/cosa t A
VII‘ oL
o
|fo - .ﬂ v
Y 1+ + +At ——————
3 J—— * [1+ cos (o + )] t+At
Simple formula
o+ =< 10°
in10% = 0.1736 10° 0.1745 rad
5in =0 ;. ——m =10 i
180°
cos10° = 09848 = 1 —0.0152
1 " b ]
cosla+ f) =1 — 5 sin’ (x+5)
fofly v, laxp? 2
& C % COSE 2 C % COSQ
3a2. Normal incidence and normal detecting |fo — 1| v 2v
fa c

a=0° B=0°
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Afo=c Af =c¢
Ag = BE' — AB' = (C— ‘E."]Iﬁt

A=A"E' ={c+v)At

Adg f c—v
A f, ct+v
Mirror receding f =foﬁ

et

Mirror approaching (v =—v) f = fD;

3a2. Normal incidence, angular detecting

a=0°% f=+f

3a3. Angular incidence, same angular detecting

a=0° f=—a

Solution:
wAL
A'B': A=cAt+ AB ' =cAt +
COS5c
AL
BE'": cAt=A,+AB =4+
COSE

Ay c—v/cosa

1 o+ v/cosa
fo—fl,_2v

Ie £ % COS0

v EEC

SH BIR

AI
B 7
;‘"D Ci‘\t
Mirror A
. l\/ﬁt
t+at —— Bl v
If, — fl _v(1+ cos )
fo c
If, — Fl L 2v
fo € *CoSa
I AI
c At
B
;".-0 U
Mirror
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3a4. Incidence and detecting to direction centre of © ¢ I T COSy c
the circle.

a=—y; [=+y
Solution:

A'B' =1 =cAt + AB'
BB' =cAt= 1, + AB'
AB" = v(x) = At

Ao €— vix)
A e+ vx)

|Af] _ 2v(x) T
fo o«

AB" = v(x)At = R(x)A@ » siny

R(x) = (R, — xsiny)

A = 2udit

v(x) = R(x)2nd = siny

2 Al 36A1
tg Yy = 0.031= [
2 2nR,

] =0.031

siny = tgy(1—

DE  36Al o Al
tgy Vyzpg = aaam{i +—]

" CE  2nR. 2R,

36A1 1[36A17° R Al
7 =R 2m8 'l——[ ] 14 _£=35Gﬁi{1——}
‘L(.'X-'} (.'X-'} TTO * ETERE{ > ETERG ] x—sin}r ZRC

(x) = 35,\&5(1 N Al xsiny) _ 1 [35&.3]2 < v(x) == 368Al
vix) = 368 R R )’ 2 2R )

=< v(x) >

COSY



v =< v{x) >+ cosy = 368Al * cosy
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Angle, degree

5

10

15

20

25

Cos(angle)

1.00

0.996 (0.4 %)

0.985 (1.5 %)

0.966 (3.4 %)

0.940 (6%)

0.906 (10 %)
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3c. Experiment. The Doppler effect.

3cl. Tabulete (Direction of rotation of the disk: decreasing frequency)
Voltage | Current Output Input Af=f,—F Af =1 Power Impedance
Ne | U(V) 1 (A) frequency f | frequency f, (Hz) fs FU—U) P=1*U | Z=U/I (Ohm)
(Hz) (Hz) (W)
1] 16 1.23 38705 40000 1295 3.24E-02 2.06E-03 19.68 13.01
2| 15 1.15 38772 40000 1228 3.07E-02 2.08E-03 17.25 13.04
3| 14 1.08 38853 40000 1147 2.87E-02 2.09E-03 15.12 12.96
41 13 1 38915 40000 1085 2.71E-02 2.13E-03 13 13.00
S| 12 0.9 38997 40000 1003 2.51E-02 2.13E-03 10.8 13.33
6| 11 0.81 39081 40000 919 2.30E-02 2.14E-03 8.91 13.58
7|1 10 0.73 39154 40000 846 2.12E-02 2.17E-03 7.3 13.70
8 9 0.61 39249 40000 751 1.88E-02 2.15E-03 5.49 14.75
9 8 0.54 39339 40000 661 1.65E-02 2.13E-03 4.32 14.81
100 7 0.48 39418 40000 582 1.46E-02 2.16E-03 3.36 14.58
111 6.5 0.44 39473 40000 527 1.32E-02 2.11E-03 2.86 14.77
121 6 0.43 39500 40000 500 1.25E-02 2.17E-03 2.58 13.95
13| 55 0.39 39549 40000 451 1.13E-02 2.15E-03 2.145 14.10
14| 5 0.38 39583 40000 417 1.04E-02 2.19E-03 1.9 13.16
15| 45 0.36 39630 40000 370 9.25E-03 2.18E-03 1.62 12.50
16| 4 0.33 39674 40000 326 8.15E-03 2.17E-03 1.32 12.12
171 355 0.31 39723 40000 277 6.93E-03 2.13E-03 1.085 11.29
18| 3 0.3 39758 40000 242 6.05E-03 2.20E-03 0.9 10.00
191 25 0.28 39800 40000 200 5.00E-03 2.22E-03 0.7 8.93
200 2 0.26 39847 40000 153 3.83E-03 2.19E-03 0.52 7.69
21| 1.5 0.25 39887 40000 113 2.83E-03 2.26E-03 0.375 6.00
Uy =(0.23 £0.05)¥F Threshold of motion Average (N1:N21) 2.15E-03
| Abs error 3.70E-05
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2.80E-03

(fo-f)/fo(U-Uo) vs U

2.60E-03

2.40E-03

2.20E-03

2.00E-03

1.80E-03

1.60E-03

(fo-f)/fo{U-Ut)

1.40E-03

1.20E-03

1.00E-03

u(v)

15

20

Y: (fo-f)ffo

From graph,
fo - f

o

~(U = Uy)

f'}i = slopel = (U — U,)

o

slopel = (2.15 £ 0.037) 1073V ~1

U, = (0.25 + 0.05)V

Y=A+B*X
0.025 Parameter Jalue Error
A -4.09119E-4| 6.50444E+5 ,/
0.020 +—B; 6-60213, ‘98715E16 L
y.
0.015 ]

0.010 !'/./
0.005 -

0.000 /

Uo=0.25V |errof 0.05 V

T T T T T T T —
0 1 2 3 4 5 6 7 8 9 10 11 12 13

)

(Direction of rotation of the disk: decreasing frequency)
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3c. Experiment. The Doppler effect.

Tabulete (Direction of rotation of the disk: decreasing frequency)
Voltage |Current |Output |Input Af=fo—f|Af fo— 1) Power | Impedance
Ne | U (V) 1(A) frequency | frequency | (Hz) fo f.(U—-U,) |P=I*U |Z=U/I
f (Hz) fo (H2) (W) | (Ohm)
1 |16 1.23 38705 40000 1295 3.24E-02 (2.06E-03 19.68 |13.01
2 |15 1.15 38772 40000 1228 3.07E-02 (2.08E-03 17.25 |13.04
3 (14 1.08 38853 40000 1147 2.87E-02 (2.09E-03 15.12 |12.96
4 |13 1 38915 40000 1085 2.71E-02 (2.13E-03 13 13.00
5 |12 0.9 38997 40000 1003 2.51E-02 (2.13E-03 10.8 |13.33
6 |11 0.81 39081 40000 919 2.30E-02 |2.14E-03 8.91 (13.58
7 |10 0.73 39154 40000 846 2.12E-02 |2.17E-03 7.3 13.70
8 |9 0.61 39249 40000 751 1.88E-02 |2.15E-03 5.49 |14.75
9 |8 0.54 39339 40000 661 1.65E-02 (2.13E-03 432 [14.81
10 |7 0.48 39418 40000 582 1.46E-02 |2.16E-03 3.36 (14.58
11 |6.5 0.44 39473 40000 527 1.32E-02 (2.11E-03 2.86 (14.77
12 |6 0.43 39500 40000 500 1.25E-02 (2.17E-03 2.58 [13.95
13 |5.5 0.39 39549 40000 451 1.13E-02 |2.15E-03 2.145 (14.10
14 |5 0.38 39583 40000 417 1.04E-02 |2.19E-03 1.9 13.16
15 |4.5 0.36 39630 40000 370 9.25E-03 |2.18E-03 1.62 |12.50
16 |4 0.33 39674 40000 326 8.15E-03 |2.17E-03 1.32 |12.12
17 |3.5 0.31 39723 40000 277 6.93E-03 [2.13E-03 1.085 |11.29
18 |3 0.3 39758 40000 242 6.05E-03 |2.20E-03 0.9 10.00
19 |25 0.28 39800 40000 200 5.00E-03 [2.22E-03 0.7 8.93
20 |2 0.26 39847 40000 153 3.83E-03 |2.19E-03 0.52 |7.69
21 |15 0.25 39887 40000 113 2.83E-03 |2.26E-03 0.375 |(6.00
(-) 11 0.24 39936 40000 64 1.60E-03 (2.13E-03 0.24 (417
(-) 0.5 0.24 39973 40000 27 6.75E-04 |2.70E-03 0.12 (2.08
U, =(0.25 £ 0.05)V|Threshold of motion |Average (N1:N21) 2.15E-03
| Abs error |3.70E-05




(fo-f)/fo(U-Uo) vs U

2.80E-03

2.60E-03

2.40E-03

2.20E-03

2.00E-03
1.80E-03

1.60E-03

(fo-f)/fo{U-Ut)

1.40E-03

1.20E-03

1.00E-03

u(v)

20
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From graph,
fo—f
Df ~U-U,)

‘Fj_i =slopel+ (U—-U,)
o

slopel =(2.15+0.037) « 1073y

U, =(0.25+0.05)V

Y=A+B*X
0.025 Parameter /alue Error
1A -4.09119E-4| 6.50444E+5 ,/
0.020 +B 0-00213 9871566 e
o 0015 /
[ ]
o ./'/'
£ 0.010
> ] /_/'/'/
0.005 ]
-
0.000 ya
Uo=0.25V |erroy 0.05 V
1

9 10 11

12

13

()

(Direction of rotation of the disk: decreasing frequency)
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3d. Dynamic of the motor

U/I vs U*| direction: decreasing
frequency
16.00
14.00 P —
M *————4

12.00
E 10.00
o
< 8.00
2

6.00

4.00

2.00 f

0.00

o 2 4 6 8 10 12 14 16 18 20
Power (W)
Z~U (Ulow)
Z A const (I high)
speed voltage Impedance The electrical
VA power
low low Z~U U
P=— U

speed voltage Z

High High Z % const P e .
speed voltage 4

Result P,=P,+A,+U+ A, «U?

Z~1T (Ulow)

Z % const (I high)

The mechanical power

Pf?" = Tf?" s E?
& -rotation speed of motor

Trr -torque of friction force

(constant)
Pras = Tyas* 4 ~8?

Tprez 86 -torque of  fluid

resistance

Pocch =P, + B, %8+ B; + &

The dynamic
equilibrium

ﬂ:Pfr

& o U (linear)

F; = Bgs

g o U (linear)

s~(U—-U,)
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3e.
3el. Functiond = @ (U)uv =4y (U).

8 = slope2 « (U - U,)

AL A
= ——=— f.8 3
VT At T/36 ¢

v=236x%Alxslope « (U—U,) 3)
3e2.

Given Data:

A). In direction frequency decreasing

§ = (1525 + S)rot/min for U={11.0+ 0.1)V and I =(0.81 +0.02) A
Up=(0.25 £0.05)V

&

slope =

U—u,
e (1525 + 5)
SOPES =10 +0.1) — (0.25 + 0.05)
< slope2 >= ~ 141912
SOPES 2= 1075~ mineV
(1525 + 5)
Alslope?) = 2222 £2)
(slope2) = =707
rot
Aslope2) = 1.9
(S ope } mirn « 7

rot

slope2 = (142 +2)

minsl’

(In direction frequency decreasing)

3f. Determine Sound velocity in air
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A) Direction of rotation of the disk: decreasing frequency)

fof _ 2w

fo c

f'};f = slopel = (U — U,)

o

v=236x%Alxslope « (U—U,)

from (1)-(3)

_ 72Alxslope2 72 (424 0.1) « 1073 « (142 £ 2)

slopel (2154 0.037) « 1073 60
P 72 %43 «142 — 340
= T is.e0 _ orom/s

e = 12+(596+23) 1.2+« 595{ 23 . 0.037
= 7215+0037 215 596 2.15

} =185m/s
c=1{340 £ 18)m/s
Crnoor = 332 + 0.6 %t = 344 m/s

_ Cihsor — Coxp _ 334 — 340
Ciheor 334

=2%

3g. Calculate and Observe Double Doppler effect

2v
c

|fn _fol =n*fo

In direction frequency decreasing

1)

)

& = (1525 + S)rot/min for U =(11.0+ 0.1)V and I =(0.81 +0.02) A

Al Al

YT AT T/36

=36xAlxd=384dm/s

2% 3.84

Af, = 40000 % 900 Hz
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Af; =2+«895 Hz=1791 Hz % 1800 Hz

Measured Doppler effect

Afyexp © 1100 Hz + 100 Hz

4. THRESHOLD AND RESOLVING POWER OF HEARING

Lower limit of hearing Higher limit of hearing

fiow =17-50 Hz faigh =12 kHz -20 kHz

VXHIIX5H COHCTOJIBIH 00CTOTON TaBTaMXKUIH YITYYA

JlaBramkuiiH noon yTra JlaBramkuiia 1337 yTra
1000 Hz 8800 Hz
2000 Hz 8000 Hz
2300 Hz 7800 Hz
2500 Hz 7000 Hz
2700 Hz 6100 Hz
2900 Hz 5500 Hz

XaMruiiH caifH COHCOT/IOX TaBTaM)KHITH 3aBcap OYI0y COHCTOJIBIH OOCTOHBI MUHUMYM
finy = 3100 Hzy £, =4000 Hz

ve + Foon
£ =182 _E2 . firz 3500 Hz

Resolving power

Frequency, f, Hz Snrax Gaifraa | Snrax wamsap R = _:.,L Speed of mirror for
nasramx Af, Hz *" | detected motion
Llow + ]
f= % = 1760 Hz ~ 1800 Hz
2 6—8H -
z 230 -300 0.6-0.7 m/s

f=fn =3500 Hz
20 —25Hz 140- 180
1-1.2 m/s
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s L Fe
f=fﬁ—““? firz _ 7500 Hz

= 70 —-90Hz

80- 110

1.6 -2.0 m/s

Calculation formule slope and error

y=mx+rc.

To calculate the gradient, the following equation was used, where N is the number of data points:

_NEEY) - (EX)EYV)
©ONETXI-(Ex’

To calculate the standard deviation sY of the individual Y data values, the following equation was used:

[T(av)?

=|1-_-}
5 V-2

Hence the standard deviation in the slope can be calculated:
| N
™= TR

Gy




