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WHATS TO COME

. Procedures:

1. Observe & Measure Gravitational Acceleration of a Free-Falling Object Via an
Ultrasonic Sensor, In the process of this | had to calibrate the sensor.

2. Observe & Measure the Conservation of Energy of a Free-Falling Object.

3. Observe & Measure the Relationship between Linear and Rotational Motion Via a

Rotary Encoder.

4, Demonstration & observation of the Hall Effect.

. Objectives:

1. Procedures 1 and 2 will be verifying the principle of the Conservation of energy which
states : energy in a closed system remains constant. Energy is not created or
destroyed but merely changes forms.

2. Procedure 3 will be investigating the relationship between rotational and linear
motion.
3. Procedure 4 will be Measuring the Strength and Sign of a Magnetic Field Via a Hall

Sensor embedded on a esp32 Board.

.f%
]
megaboard, esp32 board, Ultrasonic sensor, Rotary Encoder, and hall sensor. “
[

I will be levraging an Arduino kit ot perform these procedures. Including A
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Inventory

Inventory of Parts and Software
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Materials List
(Picture)

*Arduino Mega 2560
*Ultrasonic sensor HC-SR04
*Male to Male Wires
*Breadboard

*USB cable to connect Arduino
*Ruler or tape measurer

*Object to act as obstacle and/or
undergo free-fall

*Please include a note with your name
on it next to parts.

o ToESs pPiiyosaOS LA/ 1 797
1/2023 6:4c

— 1/1/2023 6:5;
BT P¥ 11/1/2023 6:45 am,
/1720 3 5245 an/phys204 11/1/20
- ' Venegas / phys204 11/1/202
ol 54S/ } 11/1/2023 6:45 am/phys204 11
~'1°eas /phys204 11/1/2023 6:45 am/ Louie Venegas / phys204
1/2923 6145 am/ Louie Venegas/ phys204 11/1/2023 6:45 an/pt
~Loule Venegas /phys204 11/1/2023 6:45 am/ Louie Venegas /
hys204 11/1/2023 6:45 am/ Louie Venegas/ phys204 11/1/2023
45 am/ Louie Venegas /phys204 11/1/2023 6:45 am/ Louie Vene,
Venegas /phys204 11/1/2023 6:45 am/ Louie Venegas/ phys204
1/7022 A+<A8 am/ | Ania Vlenagae /nhve?204 11/1/2072 A+45 am/ |«
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Materials List
(Picture)

*Arduino Mega 2560

*Rotary Encoder Part KY-040
*Male to Female Wires

*USB cable to connect Arduino

*Object to attach onto rotary
encoder

*Ruler or tape measurer

*Please include a note with your
name on it next to parts.

5 am/ Louie Ve
Ve / phys204 11/1
6:45 am/ Louie Venegas / hys20: MJHMQ 6:45 am/
negas /phys204 11/1/2023 6:45 W mm Venegas/ ph
/2023 6:45 am/ Louie Venegas /phys204 11/1/2023 6:4.
m/ Louie Venegas /physm nmms ’5:4‘5 am/ Lou:le\

re204 11 ,1 /'Jﬁ"? R ,"..u (al I~Val-1:2- 1- __._uk, J.';_
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Materials List
(Picture)

*ESP32 microprocessor
*Micro-USB cable
*Magnet

*Please include a note with your
name on it next to parts.

- yeaw'y
2633 €1as wmp U ) ‘=gas/ phys204
negas /phys204 11/1/2 g: 6:45 am/ Lou]
/2023 6:45 am/ Louie W | _ :gas/ phys204
negas /phys204 11/1/2023 6:45 an/ Lum vn.u /phys204 6:45 am/ Lou
C0000 6345 am/ Louie Venegas /phys204 11/1/2023 6:45 am/ Lou: 'gas/ phys204
Cooan phys204 11/1/2023 6:45 am/ Louie Venegas /phys204 6:45 am/ Loui

2023 5145 an/ Louie Venegas /phys204 11/1/2023 6:45 am/ Lou: .gas/ phys204
s /phys204 11/1/2023 6:45 am/ Louie Venegas /phys204 6:45 am/ Loui
2023 6345 am/ Louie Venegas /phys204 11/1/2023 6:45 aw/ gas/ phys204
QemPBEEEEROE -~s-
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Required Software

(screenshot)

Microsoft Excel installed and
running on my computer

mulas Data Review View Automate Help

= = | ?b General v ﬁ Conditional Formatting v Ei

= = E - $ v % 9 | BZrommat as Table v e
5= |2 v Fi [i7 Cell Styles v iz
Alignment ¥ Number N Styles

enegas /phys204 11/1/2023 6:45 am/ Loule Venegas /phys20
)3 6:45 am/ Loule Venegas /phys204 11/1/2023 6:45 am/ Lou

o
EEHEMm«™
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Required Software
(screenshot)

*Arduino IDE installed and running on my computer.
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Procedure 1

Precision of the Ultrasonic Sensor




Screenshot

. 2
- A LOUIE
S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VI
ENEGAS 11/11/23 / d41112084 LOUIE S
e t - u p ( P I C t u r e #45'11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / 041112084 LOUTE S VENEGAS 11/11/23 /

111 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112684 LOUIE S
NEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d4111zas4/|.0615 s{ VENEGAS 11/11/23 /
41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112684 LOUIE S
ENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 /
141112084 LOUIE S VENMEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S
ENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 /
441112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S
VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112684 LOUIE S VENEGAS 11/11/23 /
441112084 LOUTE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112684 LOUIE S VENEGAS 11/11/23 / d41112684 LOUIE S
VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112684 LOUIE S VENEGAS 11/11/23 /
441112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S
VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112684 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 /
. . 441112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 ];OUIEBS’
° Materlals LlSt’ VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 /
’ 431112084 LOUTE S VENEGAS 11/11/23 / 041112084 LOUTE S VENEGAS 11/11/23 / 441112084 LOUIE S VENES'S 11/11/23 / d41112084 Lf;”fis .
VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/2

: LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S
. Mega 2560 Board | 441112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112088 e L L e B /

S VENEGAS 11/11/23 /
VENEGAS 11/11/23 / d41112084 LOUIE 5 VENEGAS 11/11/23 / ddlliza&dfligggg ; :.5,1112384 LOUTE S VENEGAS 11/11/23 / 441112084 LOUIE S

LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 /

11
d41112084 LOUIE S VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS
VENEGAS 11/11/23 / d41112084 LOUIE S VENEGAS 11/11/23 / d41112084

e Ultrasonic sensor HC-SR04
* Male to Male Wires
* Breadboard

820 M.; ‘

=
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* Ruler or tape measurer

* Large and flat object to act as obstacle
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dit Sketch Tools Help

RaW Data ¢ Arduino Mega or Meg... ~
(Screenshot)

sketch_nov11a.ino

1 setup() {

d loop() {

}

Serial Monitor X

Screenshot of Serial Monitor from Arduino

IDE showing raw data from the Ultrasonic 08:00:33.944 —> 4ds
sensor 08:00:33.944 —-> 429 microseconds

08:00:33.944 > 429 microseconds

08:00:34.816 —> PHYS204 Part 2 Project

08:00:34.849 —> Name: Louie S.Venegas d41112084 11/09/2023
08:00:34.918 —> Nov 9 2023 105026

08:00:35.904 —> 429 microseconds

08:00:36.909 —> 429 microseconds

08:00:37.960 —> 429 microseconds
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Data Collection

8 .16
7 .14
6 12
5 .10
4 .08

429

419

322

222

257

4.29%x10-4 s

4.19%x 10-4 s

3.22x 10-4 s

2.22x 10-4 s

2.57x10-4 s

372.96

334.13

372.67

450.45

311.28



Data Analysis

* Average velocity from table

units

* Percent difference where

Answer: /.38 7

units



Conclusions

* Discuss the results and comment on the source of errors.

* Answer: | had to run the test twice because the first round | was using a obstacle
that had a curve. My end answer was over 20 percent. Once | changed the
obstacle to a flat box | had a more accurate result.

* What is the dependence of temperature, humidity, and atmospheric
pressure on the speed of sound? How does it affect the results?

* Answer: | do now that in vacuum sound does not exist at least not the way it does
down here in the gravity well. The denser the pressure of atmosphere the faster
sound can travel. Although a highly humid atmosphere may cause sound to slow
or be muffled. | would say on such a small experiment these variables are not
part of my equation.



Procedure 2

Gravitational Acceleration of a Free-
Falling Object




Experimental
Set-up (Picture)

*Materials List:

Mega 2560 Board
Ultrasonic sensor HC-SR04
Male to Male Wires
Breadboard

Large and flat object that is not susceptible to
air resistance to undergo free fall motion
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Serial Monitor
(Screenshot)

°Includes screenshot of raw data
showing the start of the fall and
end of the fall of one trial.

°Includes my name displayed in
the serial monitor.

File Edit Sketch Tools Help

¥ Arduino Mega or Meg... ¥

sketch nov17a.ino

TUS ] LIS WWLLLW LWV LM 29

datalogInterval = 6; // Time in milliseconds
travelTime[SIZE], displacement[SIZE];

Juiput  Serial Monitor X

PHYS204 Part 3 Project

Nov 17 2023 16:52:13

Name: Louie S. Venegas D41112084
Speed of sound: 343.00 m/s

Initial distance to ground: 125.0 cm

TIME[s] Distance[cm] Ready! 321 GO!
counter:15
0.0013 6.59
0.0101 T2
0.0189 8.66
0.0278 9 .55
0.0367 10.39
0.0457 11.83
0.0548 12.54
0.0639 14.10
0.0731 15.33
0.0824 16.64
0.0917 18.01
0.1012 19.38
0.1107 21.66
0.1206 30.44

NOVEMBER SESSIOIN20823 :
13 Q N ?
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Excel Table
(Screenshot)

*This shows my iPhone being
dropped from 125 cm high.

*This is the data that includes the
time of the time and distance of
the objects as it falls.

Time (s) Distance (cm) Distance (m)




Excel Graph
(Screenshot)

*the fall distance as a function of
time.

*Confirms that most data points
fall along the curve fitting.

*The x2coefficient is 4.59

¥
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Fall Time (s)
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o A ODN B

4.59
3.36
6.66
6.66
5.37

Data Collection

NOVEMBER SESSION 2023

9.18
6.72
13.32
13.32
10.74




Average acceleration from table

Answer: 10.76 m/s”2

D a t a Percent difference with s

Analysis

Answer: 9.80 %

units

PHYS204 November 2023




Conclusions

| find it rather intriguing that | come with 9.80 as my average. The process was
very straightforward and it proved the constant acceleration of gravity. |
struggled with finding a suitable object that would give me reliable and
consistent results within the given parameters. | also struggled with preventing
the object from coming to close to the square | was using.

| concluded that so long as my object fell without doing a 360 in the air | had
consistent results. Of course this is a very controlled environment.



Procedure 3

Conservation of Energy of a Free-Falling
Object




Excel Table
(Screenshot)

*Includes all values in the Excel
table for a single trial showing the
fall distance in centimeters and
meters as a function of time with
the values generated for kinetic
energy K, potential energy U, and
total mechanical energy E.

10
11

12

14

A

t (s)

0.0367
0.0456
0.0546
0.0637
0.0728

0.082
0.0913
0.1007
0.1102
0.1197
0.1294
0.1392
0.1491
0.1591

B

y (cm)

10.15
10.86
11.82
15.02
15.86
15.57
17
18.54
15.65
21.75
23.43
25.4
27.66
29.76

C D

y (m) h (m)

0.20
0.19
0.18

0.1015
0.1086
0.1182
0.1302 0.17
0.1386 0.16
0.1557 0.14
0.1700 0.13
0.1854 0.11
0.1969 0.10
0.2175 0.08
0.2343 0.06
0.2540 0.04
0.2766 0.02
0.2976 0.00

E

v (m/s)

0.00
0.80
1.07
1.06
1.10
1.37
1.44
1.68
1.46
1.67
1.70
1.97
2.01
2.13

Conservation of Energy

F

K (J)
0.0000
0.0636
0.1138
0.1130
0.1216
0.1873
0.2079
0.2814
0.2135
0.2797
0.2903
0.3877
0.4041
0.4542

Scroll Lock

Q I REFVEMBER SESSION 2023
| ) - ™ -

RGETY

f;’( Accessibility: Investigate

G
U ()
0.3844
0.3704
0.3516
0.3281
0.3116
0.2781
0.2501
0.2199
0.1974
0.1570
0.1241
0.0855
0.0412
0.0000

H

E (J)
0.3844
0.4341
0.4654
0.4411
0.4333
0.4654
0.4580
0.5013
0.4108
0.4367
0.4144
0.4731
0.4453
0.4542




— For your data set, enter the final 'y' value in meters

— Mass just needs to be approximate. Use 0.2 kg as default.

EXC e I G ra p h Energy vs. Time - Louie Venegas
(Screenshot) ——

I 3 o il

:l_ : a | N [ /_/
*Includes Excel graph for a single | | | —+—Kine

trial showing the plots of the et
kinetic energy K, potential energy
U, and total mechanical energy E as
a function of time.

—Tot

Line

*Notice my name in the graph...

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
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Data Analysis

* Theoretical value of final velocity

.2976-.1015=  0.1961m

units

=1.96m/s

units

* Final velocity from experimental data (or largest velocity)
= 2.13 m/s

units

e Percent difference

Answer: 7.98 %

units




Conclusions
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I * What is the trend of the best fit line for the
CO nc I usions total energy E in your data? If the data is
accurate, the total mechanical energy should
decrease slightly. Why is that?

* Answer:

My best fit line is trending up ever so slight.
The total energy line goew up then trends
back down. This is due to friction from the
air and rotation in the object.

08/08/2026 NOVEMBER SESSION 2023 28
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Experimental
Set-up
(Picture)

*Materials List:

Mega 2560 Board
Rotary Encoder Part KY-040
Male to Female Wires

Object to attach onto rotary encoder
(e.g. cork, bottle cap, ball)

Ruler or tape measurer

*Please include a note with your name on it
next to experimental set-up.
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Raw Data
(Screenshot)

*Screenshot of Serial Monitor from
Arduino IDE showing raw data.

*Must include your name displayed
in the serial monitor.

@ com2

Send
PHY5204 Part 5 Project
Dec 2 2023 18:14:24
Name: Louie WVenegas D41112804
Position: -1
Position: -2
Position: -3
Position: -2
Position: -3
Position: -2
Position: -3
Position: -4
Position: -5
Position: -6
Position: -7
Position: -8
Position: -7
Position: -8
Position: -7
Position: -6
Position: -7
Position: -6
Position: -5
Position: -@&
Position: -5
Position: -6
Position: -5
Position: -4
Position: -3
Position: -2
Position: -1
Position: -2
Position: -1
Position: -2
Position: -1
Position: -2
Position: -3
Position: -2
B Autoscroll (] Show tmestamp Newline ~ | |9600 baud o Clear output

NOVEMBER SESSION 2023




Data Collection

* Object diameter: d = __6¢cm

units

* Object radius: r= _ 3¢m

units

* Number of pulses for one revolution: x = -2

¢ ReSOIUtlon = 0157 Radians\pulses

units




Data Analysis

64
13
19
22

30

28.8

6.3

8.55

9.99

13.5

28

10

12

15

2.86

15.87

14.5

16.75

10



-

Conclusions

e Discuss the results and comment on the sources of error.

* Answer: | had an average of approx. 12% | feel like this amount
of error was too wide and should’ve been closer to 5 percent. |
believe that the issue | am having by producing so much error is
the precision with which | am rolling. Perhaps I'm not rolling it
in a straight line, or the surface is not completely round.

* What are some applications of this measuring technique? Could
this measuring system be used to measure surfaces that are not
flat?

* Answer: Two uses for rotary encoders and this measuring
technique that interest me would be Industrial automation and
robotics. Industrial automation this technique is used to control
equipment's and know their positions such as conveyer belts
and with robotics it detects the position of the joints and
actuators,

08/08/2026 NOVEMBER SESSION 2023




The Hall Effect
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experimental setup

 Micro usb
e ESP32

* [ aptop
°* magnhet

#salitywavelength=frequency
e ) (82 [vev |

5. VENEGAS PHYS284 PART 6 12/2/2023/LOUIE S. VENEGAS PHYS204 PART 6 12/2/2023/LOVIE S, VEMEGAS PH: {PART 6 12/2/2023/LOVIE 5. g
E 5. VENEGAS PHYS2@84 PART 6 12/2/2023/LOUIE S. VENEGAS PHYS284 PART

6 12/2/2023/LOUIE S. VENEGAS F {‘{PﬂRT 6 12/2/2023/LOUIE
E S. VENEGAS PHYS284 PART 6 12/2/2023/LOUIE S. VENEGAS PHYS204 PART 4

2 i LOUIE 5. VENEGAS PHYS204 PARTE ® LOUIE S, VENEGAS PHYS204 PARTE @

erglaergaetgaergae /

LOUT

6 12/2/2023/LOUIE S.gUFNEGAS 94 PART 6 12/2/2823/LOUIE A PHYS204 PART 6 12/2/2623
£ 5. VENEGAS PHYS2@4 PART 6 12/2/2023/LOUIE S. VENEGAS PHYS204 PART 6 12/2/20823/LOUIE E,; 45204 PART 6 12/2/2623/LOUIf ¥S204 PART 6 12/2/2023
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LOUTE S. VENEGAS PHYS284 PART 6 12/2/2023/LOUIE S. VENEGAS PHYS284 PART % % _&1@4 PART 6 12/2/2023/L00]¢ A B4 PART 6 12/2/2023
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- LOUTE S. VENEGAS PHYS204 PART 6 12/2/2023/LOUIE S. VENEGAS PHYS204

PART W .
PART
PART
PART

#04 PART 6 12/2/2023 /100 .
'f 204 PART 6 12/2/2023/LOUIE S.
¥ i, 31Y5204 PART 6 12/2/2823/L0VIE S.
saPHYS204 PART 6 12/2/2023/LOUIE S.
PHYS204 PART 6 12/2/2023/LOUIE S.
PHYS284 PART 6 12/2/2023/LOUIE S.

LOUIE S. VENEGAS PHYS2@84 PART 6 12/2/2023/LOUIE S. VENEGAS PHYS284
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Raw Data
(Screenshot)

*Screenshot of Serial Monitor from
Arduino IDE showing raw data.

*Must include your name displayed
in the serial monitor.

@ com2

Send
PHY5204 Part 5 Project
Dec 2 2023 18:14:24
Name: Louie WVenegas D41112804
Position: -1
Position: -2
Position: -3
Position: -2
Position: -3
Position: -2
Position: -3
Position: -4
Position: -5
Position: -6
Position: -7
Position: -8
Position: -7
Position: -8
Position: -7
Position: -6
Position: -7
Position: -6
Position: -5
Position: -@&
Position: -5
Position: -6
Position: -5
Position: -4
Position: -3
Position: -2
Position: -1
Position: -2
Position: -1
Position: -2
Position: -1
Position: -2
Position: -3
Position: -2
B Autoscroll (] Show tmestamp Newline ~ | |9600 baud o Clear output
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&) come

1
ets Jul 29 2019 12:21:46

rst:0xl (POWERON RESET),boot:0x13 (SPI_FAST FLASH BOOT)
configsip: 0, SPIWP:(Oxee

clk drv:0x00,q drv:0x00,d_drv:0x00,cs0_drv:0x00,hd drv:0x00,wp drv:0x00
mode :DI0, clock diwv:l

load:0x3£££0030, len: 1184

load:0x40073000, len: 13260

load:0x40030400, len: 3028

entry 0x400305e4

PHYS5204 Part & Project

Name: Louie Venegas D41112084

1

=




P et ol 3018122146

B8N v 0ut (FWERON RESET) oot 13 91 FAST_FLASH Boo)

Pl confizsip 0, SPIVNP Oxee

PR clk 3rv:000,9_drv 000, drv:0+00,c20 drv: D00, hd_drv 0400 wp_drvDh0

Pl mode: DI clockdiv]

Pl lozd 0310030 fen:1134

Pl 020 0073000 Jen: 13250

B [0z 04030400 [en:3023

Kl entry 0xd 008054

Kl PHIS204 Part & Project

Kk Name: Lolie Venegas 041112084

0
1
0
0
0
1
Ll 0
0
0
1
0
0
1

|

F=]
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https://www.bing.com/
https://en.wikipedia.org/wiki/Hall_effect
https://testbook.com/physics/hall-effect
https://www.britannica.com/science/Hall-effect

Conclusion

08/08/2026

NOVEMBER SESSION 2023

Throughout the course of this
project, | tested several principles of physics
and found that the universe is still working. |
tested these principles via technology and
classically accepted physics equations. Using
various mathematical constants. The
procedures were challenging at time because
of various variable interacting with my
components. Through critically thinking about
the problem, | was able to figure out how to
get appropriate results. The skills acquired
throughout this course will most likely be
principles used frequently throughout the
course of my future career as a software
engineer. Especially if Into automation of any
kind.
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