Bronson Kobayashi
Period F
Honors Physics

Newton’s Second Law (F=ma)

Purpose-to analyze force through graphical analysis and re-prove Newton’s theory.

Background-To move anything with a mass, a force acting upon it is needed. Unlike the
olden days (1700°s-1800’s) it was believed that an internal force acting within an object
was used to make it move rather than an external force acting upon it. This lab is to prove
newton’s second law theory. That, “an outer force is needed to make an object move”

Materials

* Fan cart

*  Empty cart

* Logger pro application on Mac OSX
* 1lb weight

* “go0” motion radar

* ramp

* books (to change the height of the ramp)

Procedure

1.

2.

turn on the logger pro application and connect the “go” motion radar to the
computer.

Make sure it is connected before you try anything. Place the Low powered
fan cart on a flat surface and face the “go” motion radar a little over a
meter away from the cart.

Release the fan cart as you press the play button on logger pro (triggering
the motion sensing)

Catch the fan cart as it passes a distance of 100 m and stop the “go”
motion sensor.

When you look at the data you will see two graphs a distance graph and a
velocity graph. Go to “additional graphs” in the menu and a smaller graph
will appear (acceleration) then press (apple button+r) to organize the
graphs automatically.

Click on the distance graph and push the A button with meter-sticks on the
side to fit the graph correctly, do this to both the distance graph and the
velocity graph.

Next, click on the distance graph and go to “curve fit” in the menu. Then,
click the quadratic equation and highlight the most significant area in the
graph to get an accurate curve fit and press “try fit”, then “ok”

Then, click on the velocity graph and go to “curve fit” in the menu. Then,
click the linear equation and highlight the area where a line of best fit
should be and press “try fit”, then “ok”



9. Repeat these steps with a fan cart at low power with a weight on it, a fan
cart at high power without a weight, and a fan cart at high power with a
weight. Also, continue these steps with an empty cart on a 30 degree angle
with and without a weight, and an empty cart on a 45 degree angle with
and without a weight.

10. Don’t forget to save every graph.



Data
Low fan without weight

Latest
Time | Position | Velocity 0.7
) (m) (m/s)
1 005 0673 -0.065
2 010 0670 -0.066[ll E 0.5
3 0.15 0.668 -0.083 5 Auto Fit for: Latest | Position
4 020 0661 -0.091f} = X = Ath2+8t5C
5 025 0650 -0a0sff & 03 |A-004030+/-000139
6 030 0651 -0.127 B: -0.08744 +/- 0.003624
7 035 0645 -0.136]| C:0.6776 +/- 0.002197
8 040 0637 -0.142|| 0.1 | |RMSE 0005078 m ' i
9 045 0630 -0.135 0 1 2
10 050 0.624 -0.133(f Time (s)
11 055 0617 -0.133
12 060 0611 -0.137|f
13 0.65 0.604 -0.147
14 070 059 -0.160] 010 Linear fit for: Latest | Velocity
X v=misb
15 0.75 0'555 o180 | 2 m (Slope): -0.1390 +/- 0.01303 m/s/s
ig g:g g:g 73:::; | § 0.5 b (Y-Intercept): 0.01625 +/- 0.02329 m/s
18| o9 oseo -cass| 3 -0.20 e o
19 095 0.548 -0.161 3 .
20 1.00 0.545 -0.156 -0.25
21 105 0534 -0.174 030
22 110 0528 -0.184 ) : 1 ’ : N . .
23 115 0516 -0.207 Time®
24 1.20  0.503 -0.163
25 125 0.500 -0.131
26 130 0.493 -0.152
27 135  0.484 -0.148
28 140 0.477 -0.130 'z 0.5 ]
29 145 0472 -0.138 E
30 150 0465 -0.176| & /\A
31 155 0454 -0209|7 % 0.0 ———
e e T ~_ A4
- — 8
. < -0.54 N\’
Posmonm‘ —
0 1 2
Time (s)
acceleration-.0806

Low fan with weight

Latest
Time | Position | Velocity 0.7
(s) (m) (m/s)
21 1.05 0.578 -0.150|
22 1.10  0.570 E 0.5 - Auto Fit for: Latest | Position
23 115 0.562 s x = AtA24Bt+C
24 120 0.554 = A -0.07545 +/- 0.0004439
25 125 0.545 2 034 B:0.008560 +/- 0.001214
26 130 0.536 C:0.6514 +/- 0.0006371
27 135 0526 RMSE: 0.001612 m
28 140 0516 0.1 i !
29 1.45 0.506 0 2 3
30 150  0.495 Time (s)
31 155  0.484
32 160 0.472 -
33 165 0.460 0.0 Linear Fit for: Latest | Velocity
34 170 0.447 v = mtib
35 1.75 0.435 2 011 m (Slope): -0.1545 +/- 00004590 m/s/s
36 1.80  0.422 E b(Y-Intercept): 0.01180 +/- 0.0006385 m/s
37 1.85  0.408 z Correlation: -0.9999
ES 190  0.394 3 -0.24 RMSE: 0.001112 m/s
39 195  0.380 2
40 2.00 0.365 03
41 2.05 0350
42 2.10 0335 o ' ’ ' ' z' 3'
43 215 0319 Time @)
44 220 0303
45 225 0.286
46 230 0.269
47 235 0252
a8 240 0235 5 5]
49 245 0220 E
50 250 0.206 s 104
51 255 0188 -0358[7 &
S [ — | Tl % 0.5
g
Position m| — N
0 2 3
Time (s)

acceleration-.1590



High fan without weight

Latest
Time Position | Velocity 0.7
©) (m) (m/s)
1 0.05 0.647 -0.054 Auto Fit for: Latest | Position
Print 0.10 0.644 -0.063 t o054 X = AtA24B1+C
MM 015 0641 -0.076 g A -D.1465 +/- 0.001002
4 0.20 0.637 -0.092 E B:-0.04171 +/- 0.001847
5 025 0.632 -0.108 £ 034 C: 06520 +/- 0.0007315
6 030 0626 -0.125 RMSE D.0009562 m
7 035 0619 -0.139
8 040 0612 -0.154 0.1 T T T T
9 045 0.604 170 0.0 0.5 10 15 2.0
10 0.50 0.595 -0.186 Time (s)
1 055 0585 -0.203
12 060 0575 -0.217 .
G4 - 0.1 I
15 065 0.564| -0231 Linear Fit for: Latest | Velocity
14 070 0552 -0.248 e b —
a8 0751 0.539| -0.264 2 o1l m (Slope): ~0.2976 +/- 0.001540 m/s/s
16 0.80 0525 -0.280ff)f E 5 (Y-Intercept: -0.03731 +/- 0.001440 m/s
17 0.85 0511 -0.294 z Correlation: -0.9937
18 090 0.4 2 RVSE: 0.003116 m/s
19 095  0.480 g 034
20 100  0.464
21 1.05  0.446 0s
s -0. B ' . B ' B ' v ' ' . v . L . B B ' I B
22 110, o428 0.0 0.5 Lo L5 2.0
23 115 0.410 Time ()
24 120 0390
25 125 0370
26 130 0350
27 135 0.328
28 140 0.306 = 27
29 145 0.283 £
30 150 0.259 =
2
31 155 0235 5= 11
»
<1
.. < 0
Position m — —
T T T T T T g T T T T T T T T T T v v T v
0.0 0.5 1.0 L5 2.0
Time (s)

acceleration - .2920

High fan with weight

Latest
Time | Position | Velocity o
©) (m) (m/s) 07 Auto Fit for: Latest | Position
1 005 0711 -0.103 7 X = Atr248t+C
2 010 0706 -0.110ffl E A4:-0.09152 +/- 0,0001591
sl an oo ol C o] e
4 020 0695 -0.128 5 st 00002658 m
5 025 ocss -oassfif & | ’
6 030 0681 -0.149
7 035 0673 -0.158
8 0.40 0665 -0.167 0.1 T T T T
9 045 0656 -0.176 0.0 0.5 1.0 15 2.0
10 0.50 0.647 -0.185 Time (s)
11 055 0638 -0.196
12 0.60 0.628 -0.205 o
13 065 0.617] -0212 oL Linear Fit for: Latest | Velocity A~/
14 070 0.607 -0.221 v=mtsb
15 0.75 0.595 -0.230 Z m (Slope): -0.1827 +/- 0.0007169 m/s/s
16 0.80 E Ot b (Y-Intercep): -0.09460 +/- 0.0007771 m/s
17 0.85 z Correlation: -0.9998
18 0.90 3 RMSE: 0.001615 m/s
19 0.95 § 3 -03
20 1.00 0531 -0.280
21 1.05 0517 -0.288 s —_—
-0. —
22 110 0.503 -0.297 00 oS 10 s 20
23 115 0488 -0.306 Time (5)
24 120 0.472 -0.316
25 125  0.456 -0.326
26 130 0439 -0.334
27 135 0423 -0.340
28 140 0406 -0348| & 277
29 145 0388 -0358 £
30 H
31 .
v &2
- =
Position m]| " ° —
v L v v T T v T T T L L v T T v T T v T T v v
0.0 0.5 10 15 2.0
Time (s)

acceleration - .1804




Empty cart low angle (no weight)

Latest
Time | Position | Velocity .
© m | ms 067 v
1 005 0614 -0.015 Auto Fit for: Latest | Position
2 010 0614 -0.022(if E 0.5 4 X = At248tsC
3 015 0613 -0.035 5 04] A: -0.08853 +/- 0.0006404
4 0.20 0.609 -0.031 ‘5‘ : 0.003818 +/- 0.001537
5 025 0610 -0.028[f & 3] € 0.6175 +/- 0.0008024
3 030 0.508 -0.046 RMSE: 0.001060 m
7 035 0505 -0.059 0.2 4
8 0.40 0601 -0.070 - - T
9 045 0598 -0.079 0 1 2
10 0.50 0.594 -0.089 Time (s)
11 0.55 0.589 -0.098
12 0.60 0.584 -0.107
13 065 0578 -0.116 0.0 =
14 0.70 0.572 -0.127
15| o075 oses -oasfil 5 o ]
16 0.80 0559 -0a45(ll E
17 0.85 0551 -0.155 z _02] 1! .
18 090 0.543| -0.165 g . 'np:‘:‘:’ for: Latest | Velocity
S ] -
;z ?'3: EZ;; :g:;; 03] miope) -0.1873 +/- 0.0006031 m/ss
B B B b (Y-Intercept): 0.004917 +/- 0.0005785 m/s
21 105 0516 -0.192 -0.4 1 cometation: -0.999 . . . . . . ) )
22 110, 0506 -0.202 0 | RMSE: 0.0009593 m/s 1 N
23 115 049 -0211 Time &)
24 120  0.485 -0.220
25 125  0.474 -0.230
26 130 0.462 -0.239 20
27 135 0.450 -0.248
28 140 0.438 -0.256 o154
29 145  0.425 -0.265 E
30 1.50 0.411 -0.265 s 104
31 155 0398 -0.270[; %
= osle 5054
- 9
— R e —
‘Posmonm’.o,s
0 1 2
LI Tima o)

acceleration - .1610

Empty cart low angle (with weight)

Latest
Time | Position | Velocity
© m | mss) 06 3
4 020 0610 -0.028]~
5 025 0609 g %%
6 030 06 1‘0 5 044
Z 035, 0.605 ] Auto Fit for: Latest | Position
B 040, _0.606 2034 |x=amzenuc L
2 045] 0.600 A:-0.09234 +/- 0.001031
10 050, 0.600 0.2 4 B:0.03243 +/- 0.002870
1 055 0.593 77| C: 05026 +/- 0.001824 T T
12 0.60| 0.590 O |rmse 0.001292 m 1 2
13 065 0.585 Time (s)
14 070 0579
15 075 0577
16 0.80  0.567 0.0
17 0.85  0.562
18 0.90  0.555 7 o1
19 095 0550 £
20 1.00 0539 z
21 1.05  0.535 3 0.2 Linear Fit for: Latest | Velocity
22 110 0526 32 V= mtsd
23 115 0517 0.3 m (Slope): ~0.1734 +/- 0.003565 m/s/s
24 120 0507 b(¥-Intercept): 0.01733 +/- 0.004030 m/s
25 125 0.497 . Corralation: -0.9943 T T v v 3 v v
26 130 0489 RMSE: 0.008032 m/s e )
27 135 0478
28 140 0.466
29 145 0.454
30 150 0.442
31 155 0.429 o 15
32 160  0.416 £
33 165  0.404 s 10
34 170 0389 DE o5
= IS LA
g
- . 200} —
P 0Si tl 0 nm '\'_/'\(\rl\/'\/—'-\_/l . ' '
0 1 2
Time (s)

acceleration - .1841




Empty cart high angle (no weight)

Latest
Time Position | Velocity
© m | s | 08 t
1 0.05 0.600 -0.001
2 010 0600 -0.009(ll E 0.5 4
3 0.5 0.598 -0.008 5 04]
“ 020, 05951 0.007 2 Auto it for: Latest | Position
5 025 0600 -0.001f & 3] e A2-B1sC
2 g:g Sggz gg;? A:-0.2865 +/- 0.005731
- 8 . 0.2 4 09126 +/- 0.01014
8 0.40] 0591 -0.114 | c:056020 +/- 0.004140 g T T - —
9 045 0.586 -0.160 0.0 | pust 0.001898 m 0.5 1.0 15
10 050 0.574 -0.188 Time (s)
1 055  0.567 -0.216
12 0.60 0.553 -0.243
13 0.65 0.542 -0.268 0.1
14 070 0.527 -0.310 ——
15 0.75 0511 -0342 % -0.1
16 080 0493 -0383ffl E
17 0.85 0.472 -0.415 > -034
18 0.90 0.451 -0.438 _3_ Linear Fit for: Latest | Velocity
19 0.95 0.428 -0.457 S s v=mied
20 100  0.406 -0.483 m (Siope): -0.6063 +/- 0.01147 m/s/s
21 1.05 0.380 -0.505 b (Y-Intercept): 0.1187 +/- 0.008726 m/s
22 110 0356 -0.533 Corralation: -0.9975 T 4 T v v T v T v g
23 115 0326 -0.552 00 |rmse 01057 mis s Time &) Lo s
24 120 0.299 -0.560
25 125 0274 -0.624
26 130 0.236 -0.655
27 135 0202 -0.547
28 140 0.174 -0.312 s 34
29 145 0169 -0058) E
30 150 0.182 -0.040 s 27
31 155 0.167 -0.074|7 %
s 14
§
Position m‘ T~ — ~
T T Y T T T T v T v v T T T
0.0 0.5 1.0 15
Time (s)

acceleration - .4180

Empty cart high angle (with weight)

Latest
Time | Position | Velocity o
(s) (m) (m/s) | 083 .
1 0.05 0614 -0.015 TS Auto Fit for: Latest | Position
2 0.10 0.614 -0.022 E . X = AtA2482+C
3 0.15 0.613 -0.035 5 04 A -D.08769 +/- 0.0007793
4 020 0.509 -0.031 s 3:-0.005979 +/- 0.001903
5 025 0610 -0.028|ff £ 3] C:0.6187 +/- 0.001031
6 030 0.508 -0.046 RVSE 0.001050 m
7 035  0.505 -0.059 0.2
8 0.40 0501 -0.070 T
9 045  0.598 -0.079 0 2
10 050 0.594 -0.089 Time (s)
1 055 0.589 -0.098
12 0.60 0.584 -0.107
13 0.65 0.578 -0.116 0.0 e
14 070 0572 -0.127
15 0.75 0.565 -0.136 3 01
16 0.80 0.559 -0.145 £
17 0.85 0.551 -0.155§ z g m¥ )
18 090 0.543| -0.165 2 untat(l:;lon Latest | Velocity
5 6] v m
;z ?:z; 22;2 :2:;; = .03 m (Slope): ~0.1878 +/~ 0.0005802 m/s/s
= Tos| o516l 0192 b (Y-Intercept): 0.005267 +/- 0.0005400 m/s
B B ~0.4 1 |Correlation -0.9999 - T -
22 1.10, 0.506] -0.202 0 | RMSE: 0.0008633 m/s 2
23 115 049 -0.211 Time (s)
24 120  0.485 -0.220
25 125 0474 -0.230
26 130 0.462 -0.239 20
27 135 0450 -0.248
28 140 0.438 -0.256 & L5
29 145 0425 -0.265 £
30 150 0411 -0.265 s Lo
31 155 -0270|7 %
. 5 054
= 3
- S S —_
Position m| . e — o~ N
0 2
Time (s)

acceleration - .1614




Observations — I observed while doing the lab that the carts went faster without the
weight, and the heavier ones went slow at first but faster at the end because an object of a
higher mass will take more force to move, but once it gets moving it moves faster. I also
observed that the high-powered fan really is sharp, but besides that, I learned from
watching other people and their mistakes while doing the lab.

Analysis — the lab was hard to understand at first, but once taught how to use the tools
correctly it was a lot easier. I took pictures from each of the eight motion detected carts.
The lab would have been more successful if we were to have a more accurate scale or a
scale that could hold the weight of the carts. It could have also been improved by getting
more accurate curve fits for the different graphs.

Conclusion — the lab was a success, we successfully analyzed force through graphical
analysis and reproved Newton’s theory. We discovered that a force is needed to act upon
an object because without a fan it wouldn’t have accelerated. Also, we analyzed force
through graphical analysis successfully because we now can find the acceleration.



