Priklad zpracovani namerenych dat

Studium harmonickych kmitt mechanického oscilatoru

EXCEL

Origin

Mé¥eni - harmonicky oscilator PH.xlsx

Méreni - harmonicky oscilator PH.opju

Pracovni ukol:

1.

2.

Zmeérte tuhost péti pruzin statickou metodou.
Zmerte tuhost péti pruzin dynamickou metodou.

UrCete mistni tihoveé zrychleni z doby kmitu télesa znamé hmotnosti
a vychylky pruziny po zavéseni tohoto télesa.

Sestrojte graf zavislosti v = /k/m.



Uloha 1 — Staticka metoda

* méfené veliCiny A
m hmotnost zavazi
y1 poloha konce nenapjaté pruziny

y, poloha konce zatizené pruziny

* vypocitané veliCiny

y  prodlouzeni pruziny V=9 — Y,

k  tuhost pruziny k=—2<



Uloha 1 — Staticka metoda

namérené hodnoty

Pruzina 3

m (g) y1 (cm) y2 (cm)
30.0 54.2 49.4
50.0 | 54.2 | 46.2
80.0 | 54.2 | 41.4
99.8 | 54.2 | 38.7
129.8 | 54.2 | 33.7

Pruzina 1
m (g) y1 (cm) y2 (cm)
10.0 57.6 55.2
20.0 | 57.6 | 52.8
30.0 | 57.6 | 50.4
50.0 | 57.6 | 45.6
99.8 | 57.6 | 34.1
Pruzina 4
m (g) y1 (cm) y2 (cm)
50.0 46.6 39.6
99.8 | 46.6 | 32.9
149.8 | 46.6 | 27.0
179.8 | 46.6 | 22.0
200.1 | 46.6 | 19.2

Pruzina 2
m (g) y1 (cm) y2 (cm)
99.8 54.3 52.1
200.1 | 54.3 | 50.0
299.9 | 54.3 | 47.7
399.9 | 54.3 | 45.6
500.2 | 54.3 | 43.6
PruZina 5
m (g) y1 (cm) y2 (cm)
99.8 46.8 41.7
200.1 | 46.8 | 36.6
299.9 | 46.8 | 31.6
399.9 | 46.8 | 26.5
500.2 | 46.8 | 21.4




Uloha 1 — Staticka metoda

Zpracovani mereni

PruZina 1

m (g)

10.0
20,0
30.0
30.0
99.8

y: (em)

57.6
37.6
57.6
37.6
57.6

Yz (cm)

— odhady parametru

y (cm)
55.2 2.4
22.8 4.8
530.4 7.2
43.6 12.0
34.1 23.5
promér

chyba 1 mé&feni
chyba praméru

ki = (410 + 0.02) kg s~

Poznamky:
chyba je zaokrouhlena na 2. platnou Cislici
stfedni hodnota je zaokrouhlena na stejny fad jako chyba
pred jednotku vkladame mezeru

jednotky piSeme bez kurzivy

k(kgs™)
4.09
4,09
4.09
4,09
4.17

4.10
0.04
0.02

/
™~

(napf. pruzina 1)

aritmeticky prameér

standardni odchylka

(nepredpojata)

chyba priméru
(pfenos chyb)
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Uloha 1 — Staticka metoda

e Zpracovani mereni — linearni regrese (napf. pruzina 1)

primka prochazejici poCatkem

y=a-m a=023675cmg!
o, = 0.00102cm g1

tuhost pruziny

_9 .
Tk
k=9 =414 kg s™?2
a
0 l 100 l 200 l 300 l 400 l 500 600 g )
m (@) Ok =—30a = 0.02kgs

ky = (4.14 + 0.02) kg s 2




Uloha 2 — Dynamicka metoda

* méfené veliCiny A
m hmotnost zavazi
y, poloha konce nenapjaté pruziny
y, poloha konce zatizené pruziny

10 T perioda 10 kmita zavazi

* vypocitané veliCiny

y  prodlouzeni pruziny Yy=y1—Y>

k  tuhost pruziny k= ——m

T2



Uloha 2 — Dynamicka metoda

namérené hodnoty

Pruzina 1

m (g) 10T (s) y1 (cm) y2 (cm)
50.0 7.0 57.6 45.6
50.0 | 7.0 | 57.6 | 45.6
50.0 | 7.1 | 57.6 | 45.6
99.8 | 9.8 | 57.6 | 34.1
99.8 | 9.8 | 57.6 | 34.1
99.8 | 9.7 | 57.6 | 34.1
30.0 | 53 | 57.6 | 50.4
30.0 | 5.4 | 57.6 | 50.4
30.0 | 55 | 57.6 | 50.4

Pruzina 4

m (g) 10T (s) y1 (cm) y2 (cm)
99.8 7.6 46.6 32.9
99.8 | 7.6 | 46.6 | 32.9
99.8 | 7.6 | 46.6 | 32.9
200.1 | 10.7 | 46.6 | 19.2
200.1 | 107 | 46.6 | 19.2
200.1 | 109 | 46.6 | 19.2
149.8 | 9.2 | 46.6 | 27.0
149.8 | 9.3 | 46.6 | 27.0
149.8 | 9.4 | 46.6 | 27.0

Pruzina 2 Pruzina 3
m (g) 10T (s) y1 (cm) y2 (cm) m (g) 10T (s)  |va(cm) Y2 (cm)
299.9 5.2 54.3 47.7 50.0 5.8 54.2 46.2
299.9 | 5.1 | 54.3 | 47.7 50.0 | 5.8 | 54.2 | 46.2
299.9 | 53 | 54.3 | 47.7 50.0 | 5.7 | 54.2 | 46.2
500.2 | 6.6 | 54.3 | 43.6 99.8 | 8.2 | 54.2 | 38.7
500.2 | 6.5 | 54.3 | 43.6 99.8 | 8.1 | 54.2 | 38.7
500.2 | 6.5 | 54.3 | 43.6 99.8 | 8.1 | 54.2 | 38.7
399.9 | 58 | 54.3 | 45.6 129.8 | 9.1 | 54.2 | 33.7
399.9 | 59 | 54.3 | 45.6 129.8 | 9.2 | 54.2 | 33.7
399.9 | 6.0 | 54.3 | 45.6 129.8 | 9.3 | 54.2 | 33.7
PruZina 5
m (g) 10T (s) y1 (cm) y2 (cm)
200.1 6.6 46.8 36.6
200.1 | 6.5 | 46.8 | 36.6
200.1 | 6.6 | 46.8 | 36.6
500.2 | 10.2 | 46.8 | 21.4
500.2 | 10.2 | 46.8 | 21.4
500.2 | 103 | 46.8 | 21.4
399.9 | 9.0 | 46.8 | 26.5
399.9 | 9.1 | 46.8 | 26.5
399.9 | 9.2 | 46.8 | 26.5




Uloha 2 — Dynamicka metoda

* namerené hodnoty — odhady parametru (napf. pruzina 1)
PruZina 1
m (g) 10T(s)  @(sh k (kg s7)
50.0 7.0 8.98 4,03
50.0 7.0 8.98 4.03
50.0 7.1 8.85 3.92
99.8 9.8 6.41 4.10
99.8 9.8 6.41 4,10
99.8 9.7 6.48 4.19
30.0 5.3 11.86 4,22

standardni odchylka
(nepredpojata)

chyba 1 mé&feni 0.10
chyba priméru 0.03

T 1
30.0 5.4 11.64 4.06 aritmeticky prumeér k = —
30.0 5.5 11.42 3.92 / n :
pramér 4.06
<€

chyba priméru . _

Ok
ki = (4.10 + 0.03) kg s~ ronce oyb) 7F = Vi

S




Uloha 2 — Dynamicka metoda

* nameérené hodnoty — prumérna perioda kmitd (napf. pruzina 1)
Pruiina 1 m = 30g 99.8 g 30g
10T (s) 10T (s) 10T (s)
7.0 9.8 5.3 prt‘]mérné perioda
7.0 9.8 5.4
7.1 9.7 5.5
pramér 7.0333 9.7667 5.4000 ..
statistickd chyba 0.0577 0.0577 0.1000 neurcitost typu A
systematicka chyba 0.0577 0.0577 0.0577 (Statlstlcka’)
celkova chyba 0.0816 0.0816 0.1155
chyba praméru 0.0471 0.0471 0.0667

neurcitost typu B
(systematicka)

7\

celkova chyba

Y

Poznamky:
« déleni 10 (hameéfenych 10 period) o
« odhad maximalni chyby méFeni éasu 0.1 s chyba prumeéru

« zpFesnéni méfeni 10x (pfenos chyb)
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Uloha 2 — Dynamicka metoda

* namerené hodnoty — linearni regrese (napf. pruzina 1)

primka prochazejici poCatkem

T?=a-m a=9.67x%x1073g 1s?
o, = 0.10665 x 1073 g~1s2

tuhost pruziny

,  Am?
T =——m
k
2 ,
k=—=4.08kgs
a
4rr?
00 " 1 " 1 " 1 " 1 " 1 " _ - _2
0 100 200 300 400 500 600 O = 02 oq = 0.04 kg s

m (9)

k, = (4.08 + 0.04) kg 52




Uloha 3 — Tihové zrychleni

mg
« staticka metoda k = 7 /
1 42
« dynamicka metoda k=—5m
T
472

« tihove zrychleni g = WJ’




Uloha 3 — Tihové zrychleni

* namerené hodnoty

T

1.2

10 |

0.8

T2 (s%)
o
(o]
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0.2

T

o data

lineérni regrese

30
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10
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25

— linearni regrese (dynamicka metoda)

primka prochazejici poCatkem

a = 0.04162 cm™~1s?

T?=a-vy
o, = 0.000271 cm™1s?

tihové zrychleni

- -2
Oy = 72 o, =0.06ms

g =(9.46 + 0.06) ms~?




Uloha 4 — Teoreticka zavislost

* namerené hodnoty — linearni regrese s chybami x a y
T T T T T T T T T T T k 1 O-k
. p X = —_— D 0, = ——
12+ © naméfené hodnoty 5 x
linearn fit (York) 7 m 2vm+k
teoreticka zavislost
10 4
| 2T 2T
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o| | Y T v T T2oT
)
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