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Photovoltaic Solar Tracking Charging Station
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Abstract: A solar tracker is a device that positions an object at an angle to the Sun. Photovoltaic solar panels must be positioned
perpendicular to the Sun's beams, and space telescopes must be positioned (o determine the Sun's direction. This thesis proposes a method
of converting solar energy into clectrical energy. The tracker is made up of a photovoltaic panel that moves its surfacc at a right anglc to
the sun in order to capture the maximum amount of solar energy and convent it to electrical energy. A photovoltaic solar tracking charging
station is designed to capture and store solar encrgy produced by a solar panel controlled by a tracking system to power any appliance or
other electronic device. The study operates on the Arduino and solar charge microcontroller, which is the brain of the system. to control
dual axes automatically or manually using 12v DC motors. It conducts logical and processing computations. To optimize the current and
charging process. this design employs an inverter as a voltage amplifier. When tested. the data shows that solar tracking has a higher output

and is better than fixed panels. The system is rated satisfactory in terms of performance and serviceability.

Index Terms: Photovoltaic, Solar energy, Tracking system. Renewable energy. Solar panel

I. INTRODUCTION

A solar cell panel, solar electric panel. photovoltaic
(PV) module, or solar panel is an installation-ready
arrangement of photovoltaic cells installed in a framework.
Solar panels create direct current electricity by using sunlight
as a source of energy. A PV panel is a collection of PV
modules, while an array is a system of PV panels. As a result,
we created a new source of electricity. This technology is
based on the photovoltaic solar tracking method. which 1s
used on maierials that

Solar tracker
stationary counterpart
solar rays. This inci
depending on the tr:
There are many diffe
single-axis and dual-a qu;\
perfect fit for a spe i
installation,  local
requirements are all i /
tvpe of solar tracker 1 :
installation. e

Such concej ;
Fuzzy Logic-based I
Using QT Fuzzy Eng
whether non-tracking
better, demonstrating
superior because the
generated.

Electricity }
lives nowadays. Manv energy resources have been depleted
and wasted as a result. and brownouts. blackouts, and power
outages have become commonplace. To limit and reduce
pollution and degradation of the environment, it is necessary
to encourage the development and adoption of green
technologies. Solar, wind, biomass, hvdropower, and all
other non-polluting renewable energy sources must be
adopted and used to replace all conventional energy sources.

To create more electricity than a tvpical static solar
panel, a solar tracker adjusts the angle of a solar panel with
respect to the sun. Solar trackers are often used to align
photovoltaic solar panels with the sun's ravs and to position
and calculate the sun's direction. PV solar trackers rotate solar
panels to align with the Sun's location in the skv. When a
solar panel is perpendicular to the sun. it receives more
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sunlight. reflects less light. and absorbs more energy. That
energy can.

This paper presents the goal to accomplish by
establishing an experimental model in a specific site in
Surigao City and analyvzing the data collected. A simple and
low-cost strategv for enhancing the performance and
efficiency of solar energy to electrical energy conversion was
presented in this studv by siluating a solar tracking panel that
acts as a free generator in a specific area.
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B. Design and Construction of an Automatic Solar
Tracking System by Alam (2010). This study planned and
constructed a dual axis solar programmable logical controller
(PLC) based automatic tracking system, as well as its
supervisory and control system. The proposed tracking
svstem generated roughly 8§%--25% more electricity than the
fixed-angle PV system as a consequence of the trial.

C. Performance Comparison of Mirror Reflected
Solar Panel with Tracking and Cooling by Rahman (2019).
This study describes a microcontroller-based solar tracking
svstem with mirror booster. The intensity of the mirror
boosted radiation over the PV panel is greater than its typical
value, which raises the panel's temperature. The properties of
semiconductor material are affected by temperatures above
25°C. lowering the open circuit voltage and panel efficiency.



Danylenko (2018) stated that Solar panels are made
up of several layers, including glass, a protective layer, and a.
front contact layer that covess individual solar cells that are
connected in series. Metal back contacts carry electricity and
are laminated to waterproof the cells and insulate them from
excessive heat beneath those. Finally, there is a glass, metal,
or plastic protective rear layer. Crystalline silicon (c-Si),
amorphous silicon (a-Si), gallium arsenide (GaAs), and
organometallics are the top fowr most widely utilized
materials for solar panels (soluble platinum).

In the solar tracking system, a photo resistor, also
known as a light-dependent resistor, was employed. Itis a
light-sensitive electrical component. The resistance changes
when light shires on it. The resistance of the LDR cen vary
by many orders of magnitede, with the resistance decreasing
as the amount of light rises. The output of the model is shown
in the findings of this study; the results received from the
system demonstrate that the model is effective because it
produces acceptable values. A PV array and a solar tracking
system will be used to test this behavior.

The photovoltaic panels provide enough energy to
fully power the electronics. The target application detenmines
the electronics, sensor technologies, daia transmission, and
data processing procedures of such wearable devices. As a
result, the essay discusses essential application scenarios for
solar tracking systems, as well as their pros and cons.

The main focus of this research is the conversion
and production of solar energy into electricity using a solar
tracking system. Another or altemate source of electicity is
a solar tracking system, which absorbs the energy from the
sunlight and converts them to electricity. Our design
specializes in solar tracking, as it uses the Arduino to track
the sunlight This method works whenever sunlight is
available and measures the amount of energy absorbed

The project’s unique feature is that it has a higher
tracking system output and produces more electricity. Aside
from the design we created, there are just a few other studies
like ours that have been done. However, we are concentrating
on the capability of the area since no matter what design or

equipment is built, it will be usable if there is ro reliable
source of energy.

1.2 Conceptual Frawnework

The conceptual framework for the study is divided
into four steps, as shown in Figure 1. The materials must first
be prepared. The second step is to plan and create the design,
followed by impleinentation and analysis. Finally, design
energy is generated, as well as testing and analysis, and
storage refers to the amount of energy saved over time.
gmaﬂy, the project's outcome, as depicted in Figure 1, is
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Fignre 1. Waterfall BPlagram of the Study

1.3 Objectives
The study’s overall goal is to see if utilizing a solar
tracking system is a better option then using other non-
tracking renewable energy sources.
The following are the specific objectives:
1. To design the Photovoltaic solar tracking system
charging station.
2. To implement the project design.
3. To test and analyze the system.

H. METHOD

2.1 Research Design

A developmental research design is used in this
study. It is defined as a systematic investigation of project
conception, development, and evaluation that must adhere to
internal consistency and effectiveness guidelines. It was used
to evaluate the accuracy, efficiency, and long-term viability
of the system.

2.2 Project Design
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Figare 2. Block Diagram of the System

When exposed directly to the sun, a solar panel, as
seen in Figure 2, can generate electricity. The solar panel's
energy, which varies based on the amount of sunlight, will be
directly stored in the battery. This device is used to charge
any appliances or other devices.
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Figure 5. Luneta Park, a San Nicolas street, Surigao City

It piqued our interest since it is in the center of the
city. where a big number of people congregate and may
charge their phones and other devices.

2.6 Participants of the study

Table 1. List of participants and their involvement in the study.

I
-
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Figure 3. Flowchart of the System

2.3 Project Development

Preparation of the materials
9
Design of the system
(3
Development of the system
¥
Implementation of the project

=

Test and evaluation

Figure 4. Project Development Flow Chart of the Project

Figure 4 depicts the flow of work design. The first
step is to manufacture a photovoltaic material; the second is
to construct a mechanism that charges a larger battery with a
small amount of current. The link is used in the third block to
boost the current so that a larger batterv may be charged. The
fourth block depicts the project design being implemented in
any respectable Luneta Park areas that have been prepared for
review.

2.4 Project Implementation

The planned project will be implemented in the
Luneta Park of Surigao City. It will go through three stages.
Setup, which includes hardware and software configuration,
is the initial phase. The device's energy output is monitored
in the second phase. The final step is the maintenance phase,
This means enhancing and tailoring the project's program to
the needs of the users.

Participants f(n=4) % involvement
Electrical Engineer ! 20
Electronics Enginer 2 60

Civilians 1 20
TOTAL 4 T100%

Table | shows approaching an electrical engineer
for batterv charging and storing lechnique. Two electronics
engineers for circuit components and a local mechanic for the
hardware desire.

2.7 Instruments

Lapiop PC — this helps to program. collecting data
and build ideas through internet.

Tester — helps in measuring the voltage. amperage,
and output power of the devices.

Arduino IDE- makes it easy to write code and
upload it to the board. This software can be used with any
Arduino board.

Proteus Simulator - the software is used mainly by
electronic design engineers and technicians to create
schematics and electronic prints for manufacturing printed
circuit boards.

2.8 Research Ethics

To begin with. one of the research ethics adopted by
the researchers in this paper is honesty. Details were not
fabricated. falsified, or distorted bv the researchers.
Researchers did not disappoint our peers. study sponsors, or
the general public, and they collected data honestly. The
researchers kept their promises and agreements as stated in
the aims. According to the legislation, the project's
development did not breach any laws or generate any
environmental difficulties.



2.9 Data Collection

Observation
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Figure 6. Block diagram for qualitative data collection

Figure 6 depicts a general overview and flow of the
qualitative data acquired in the figure. First row. observation
is to verifv that the evidence acquired allows the researchers
to properly handle the research problem. When the testing
begins, the second row is where the acquired material ensures
a low-cost material for the easy to replace proposals. The
third row uses an Arduino Microcontroller to do manual or
automatic solar exposure directly to the sun. which aids in
evaluation of data Finallv, the data was grouped into
categories there.

II. RESULTS AND DISCUSSION
3.1 Design of the Photovoltaic Solar Tracking Charging
Station

The photovoltaic is put together using a basic circuit
as shown in Figure 7. The circuit's function is to increase the
photovoltaic output current. The output from the energy
captured is used to charge the battery.

The tracking output current was enhanced due to the
parallel circuit. Figure 7 shows how the collected energy is
used to charge 12 volt batteries using two 12 volt DC motors
controlled by an Arduino.
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Figure 7. Schematic Diagram of the Solar Tracking System

Figure 8. Power inverter can charge up to 500 watts

Figure 8 shows the Arduino diagram for the dual
axis solar tracking svstem. which is connected to the solar
charge controller.

Figure 9. Wiring diagram of the solar tracking system

Table 2. Direct material and service cost.

| Description of materials _ QTY | Cost(PHP)

Arduino i1 300

Wires 22m 500
Electronic Components 500

Batterv 12V I 1100

DC Motor 12V 2 300
Tester 1 720

DIY Inverter 1 600

Solar Charge Controller 1 300
LM2596(voltage regulator) 1 100
Photovoliaic 15 Watts 1 700
Wood stick 1 150
Soldering iron and lead 1 500
Electrical tape 1 20

Services

Transportation 960

Grand Total 6750
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3.2 Implementation of a Photovoltaic Solar Tracking 30 degrees south of due east and sets at 30 degrees south of
System : z due west on the winter solstice.

Voltage (V)
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Figure 11. Voltage comparison of static and tracking panel
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Figure 10. Pictorial diagram of the solar tracking system

When the batteries are fullv charged. they are
connected to the inverter, which raises and produce the
voltage to 220 volts while limiting the volts to safely charge SELLL LSS S
the 12v battery as shown in Figure 10. The flow of electricity
from the solar panel to the 12-volt battery was controlled by Static panel — Tracking panel
a microcontroller in the study. The voltage sensor. like the
current sensor, is used to determine the voltage stored in the Figure 12. Ampere comparison of static and tracking panel
battery. The output of the circuit is used to charge the 12V

o = N

battery. Figures 11 and 12 show how a tracking solar panel
svslem is considerably superior in terms of output and power
3.3 Testing and analysis of the system generation.
Table 4. Test charge of the battery
Table 3. Comparison results of non-track and tracking system | No. | Vin | Vo | lin Io | % Information
Fixed panel = Tracking | Tracking current
Time | panel | Angle 1 18 | 21,6083 092 | 98 When the initial
V) | A L WA | charging
6:00AM | 1645 | .76 | 17.6 | 2.81 | E45°W 2 | 18 [21.6[0.75] 081 | 7.4 | Process charge
7:00AM 16.7 | 1.01 | 18.1 | 3.01 | E45°W 3 18 | 21.6 1 0.73 | 0.84 13.1 Process charge
“8:00AM | 170 | 1.25 | 185 | 3.43 | E45°W | 4 | 18 | 2161063 ] 076 | 17.1 | Process charge
9:00AM | 17.2 [ 2.36 I 19.1 | 3.59 | E45°W 5 18 [ 21.6 | 0.59 | 0.65 9.2 Process charge
10:00AM | 17.8 | 253 | 196 | 4.01 E60°W 6 18 (2161058 | 064 | 94 Process charge
11:00AM | 196 | 3.66 199|478 | E75°W 7 18 (2161043 ] 055 | 218 Process charge
12:00PM | 20.0 | 447 206|542 | E9O°W 8 {18 [2161033] 045 @ 267 Process charge
1.LOOPM | 207 | 514 21.8 | 6.37 | EIO5°W 9 18 12161023} 034 324 Process charge
2.00PM | 213 | 596 216 | 6.13 [ EI20°W 10 (18 [216]01 [ 01 [ 0 Battery full
3:00PM 19.6 | 545 | 20.7 | 5.89 | EI135°W
4:00PM | 174 |5.03  19.8 | 5.28 | E135°W | The experimental model was observed and
5:00PM | 167 [ 430  18.7 | 488 | EI35°W monitored for several hours. The photovoltaic current varies

with exposure and amount of sunlight, as shown in the table
The angle of the design were preset at 45 degrees to  [fom time interval tests.
135 degrees maximum, 360 degrees/24 hr = 15 degrees per The sun rotates 360 degrees around the globe every
hour. The Sun rises 30 degrees north of due east and sets 30 24 hours, which means it moves a quarter of a degree each
degrees north of due west at the summer solstice. It rises at  minute. or 15 degrees per hour, from east to west.



When building a slanted or ground-mounted PV
system, calculating the necessary separation between each
row can be difficult, if not impossible. However, it's critical
to do it properly the first time to prevent shading from
modules ahead of each row by accident. This might result in
underperforming systems and irritated consumess. That is

something that no one desires. The height difference between -

the rear of the module and the surface is the first step in
calculating imter-row spacing for your modules. To
accomplish go, use the fornmula Height Difference = Sin (Tilt
Angle) x Module Width.

6

B. The survey was conducted for 10 howrs, from 8
am to 12 p.m. and 12 p.m. to S p.m Tables 5 and 6 provide
a sample of such a survey and its results.

C. Iis output is dependent on the availability of
sunlight, this sort of energy can be considered a limited
energy source. As a resuit, the expected power output was
calculated as shown in the table 6.

D. The data was extrapolated to calculate the
projected enerpy production if the panel was installed in the
center of Luneia Park without any obstacles.

‘Table 5. Sample of colected data and analyze using a charge

controller in Luneta Park Su
A 3 Time | Input(V) | Input(A) | Cutput(V) | Catput(A)
3 H 800 | 216 1.4 133 43
i : 9:00 | 216 1.8 133 54
3 3 [p000] 216 2.0 133 62
i v |11:00f 216 2.02 133 62
H i |1z00] 216 1.9 133 538
: £ 13:00 | 216 17 133 5.1
¥ o« 0% Maow| 216 13 133 4.03
- oo 3, {1500] 216 9 133 3.04
: d H 1600 216 6 13.3 L9
Fignre 13. Solar Inter row spacing 17:00 21.6 3 13.3 1.7
Total | 216 1413 133 43.67
Prior to deriving the general formula, it's worth — -
ing that the axis sun-tracking system’s job is to point a
g:;:g collector :;zsards the suf ;yy rotm':lg it alonpgntlstvo Table 6. The feasible expected power at the Luneta Park
perpendicular axes such that the sunray is always normal Surigao city
relative to the collection surface. The sun's position vector Time{Hour) Power(Watt)
relative to the earth-center frame can be defined as illustrated 8:00 30.31
in Equation 1. 9:00 37.8
- 10:00 435
{Sau} | cosdcosw 11:00 485
S-.-:i 52 si-cosdsin® 12:00 41.4
13:00 36.1
LSp siné 14:00 2834
Equation 1. By Stine & Harrigan (1985) 15:00 21.4
16:00 132
‘Where & is the declination angle and @ is hour angle 17:00 12.5
are defined as follow (Stine & Harrigan1985). The hour angle Sum 308.05

indicates the time of day in relation to solar nocn. It’s the
angle formed by the planes of the observer and the meridian
that intersects the earth-sun line. }t starts at zero degrees at
solar noon end rises 15 degrees per hour.

@=15(t,-12) (degrees)
Equation 2, Selar Hour Angle

The hour angle indicates the tims of day in relation
to solar noon. It's the angle formed by the planes of the
observer and the meridian that intersects the earth-sun line. It
lsltarts'atzerode:gteanzsts;olm'noonzamdxisas 15 degrees per

onr. .

__.The constructed experimental model and its analysis
gstabl{shedthegtmdworkfmdeternﬁningiheviahﬂity of
installing photovoltaic at Luneta Park. The following is how
the study was carried out:

A. Having a 220 volt average output from the
inverter (attached from the circuit)

IV. CONCLUSION AND RECOMMENDATION

Conclusion

The primaty goal of this research was to design a
solar tracking system. In comparison to their fixed-position
counterparts. Solar tracking systems with two axes are more
efficient than those with one axis and are fixed.

We came to the conclusion that the project can be
implemented becase it uses a wood stick with a dual axes
12v DC motor mechanism, which is controlled by an Arduino
and a solar-powered microcontroller.

The research was done to see how much more power
could be generated if photovoltaic panels used solar tracking
instead of fixed panels. With a 15 watt photovoltaic panel, the
obtained results show that storing the generated energy will
result in an energy of 308.05 watts in just 9 hours. This energy
can be used to power phones and tum on street lights at night.
For example, a ten-hour LED lamp rated at 10 to 20 W.



Recommendations

From the design that we have made, we
recommend:

1. For safety reasons, the solar’span should be
increased.

2. Enhance energy output by adding more
photovoltaic solar panels.

3. Anodized aluminum using this material has
numerous benefits, it has the ability to reflect more heat,
helping to improve the overall conversion efficiency of a
solar cell.

4. Add a mirror booster using microcontroiler for
higher output.

V. ACKNOWLEDGEMENT

The researchers would want to thank the Almighty
God for educating our minds and permitting the research to
take place. To the parents of the researchers for their
everlasting love and support in ensuring the study’s success.
For their wnrelenting dedication to guiding and siding the
researcher in finjshing the project. In addition, we appreciate
their assistance with the project's title, as well as our panelist's
approval of our project’s thesis defense. Thank you to ouwr
studal(swhohndlyshmedthmumemdﬂmughtsmmm.
Thank you to everyons who worked on this project for their
dedication and patience.

VL REFERENCES
f1] R.NSyaﬁmdMMﬂmpxmdmlmmm
* algorithm based on sumise and sunset position,” Journal of
Electrical Systems, vol. 11, no. 4, 2015.
2) mrmmmmmrmmnms

Solar Tracking System™ in Intemational Conference on Electrical
& Computer Engineering (TCECE 2010), pp. 326-329.

I3} R. Grena, “An algeritm for the compuftation of the solar
position,” Solar Energy, vol. 82, no. 5, pp. 462-470, 2008,

[ I.deamdA.Am!ruas.“Solarmmalgmﬂmfursohr
it radiation applications ™ SolarEnergy, vol. 76, no. 5, pp. 577-589,

{s} J. J. Michalsky, “The Astronomical Almanec’s algerithm for
approximate solar position (1950-2050),” Solar Energy, vol. 40,
no. 3, pp. 227-235, 1988.

(] 1 Stamatescu, I Fiiglisigan, G. Stamatescu, N. Atﬁnm,ands.s.
Thescu, “Design and mplanﬂnmm of a solartmecking
algotithm,” Procedin vol. 69, pp. 500-507, 2014.

n N. H Helwa, A. B. G Bahgat, A. M. R. Bl Shafee, and E. T. Bl
Shenawy, “Maximem collectsble solar energy by different solar
uachngsymms, Energy Sources, vol 22, no. 1, pp. 23-34,

I8} G.C.Imm,Mhngo,MRomandMPagam,
“Comparative analysis of fixed and sun tracking low power PV
systems considering energy consumption,” Caonversion
and Management, vol. 92, pp. 143148, 2015.

191 C. §. Chin, A. Babu, and W. McBride, ‘Design, modeling and
testing of a standalone single axis active solar tracker using
MATLAB/Simulink,” Renewable Energy, vol 36, no. 11, pp.
3075-3090, 2011,

f10] 8. Ozcellk, H. Prakash, and R. Challoo, “Tiwo-axis solar tracker
enalysis and control for maximom power > Procedia
OompmSmee,vul.G.pp.‘ﬁ’l-ai&,ZOll

(1)1 R.G. Vieim,F.K. O. M. V. Guerra, M. R. B.G. Vale,and M. M.
Aratjo, “Comparative perfonmance analysis between static solar
panels and single-axis tracking system on a hot climate region

f16}

a7

ns8)

09}

[20]

7

pear to the equator,” Renewable and Sustainable Energy
Reviews, vol. 64, pp. 672-681, 2016.

Y. Yao, Y. Hn, 8. Gao, G. Yang, and J. Dn, “A mmitipurpose
dual-axis solar tracker with fwo tiacking strategics,” Regewable
Enesgy, vol. 72, pp. 88-98,2014.

M. Neber, H. Lee, L. Barker, C. G. Olaes, D. Marcmoto, and J.
Valda,“’l‘wo-emsohruanhudmgnfnrbwcost

and profile for reduced lozding moments,” Tech. Rep., US
Patents 9-093587, 2015.

S. L m,MBm.K.C.Ng,YKim.de Chun,
“Developmesd and pufnmcmlvsaofatwo—mssolm
tracker for concentrated

photovoliaics,”
EnugyRmch,volﬂ no. 7, pp. 965-976, 2015.
K. Mahamja, R. J. Xavier, L. 3. Amla.md? P. Balsji, “Intensity
based dual axis solar tracking system, Joumal of
Appthnameangmuh,vnl 10, no. 8, pp. 19457-19465,

LBuka.Ml&ber.mdlLbe.“Dwmcfa!aw-mnﬁletwo—
axis solar tacker,” Solar Energy, vol. 97, pp. 569-576,2013.
D. Vama.S.Nm,A.MShmﬁlya.mds K. Dash,
“Maximnm - power point tmacking (MFPT) techuiques:
recapitulation in solar photovoliuic systems,” Renewable and
Sustainable Energy Reviews, vol. 54, pp. 1018-1034, 2016.
N, Panmar, A. N. Pammar, and V. 8. Gautem, “Passive solar
tracking system,” Intemational Joumal of Emerging Technology
and Advamced Engineering, vol. 5, mo. 1, pp. 138-145, 2015.
J. Huang, K. Deng, D. Jiang, P. Zhang, B. Zhu, and Z. Yeo,
“Analysis for image contrast of extended objects in photoelectric
wgm*wom&mmms,pq,ms -
LI Oabe,A.BGhla;D Chesini, and F. Frosi, “Design and
of a lowecost dm!m autonomous solar

Copyright 2022. This research is the property of the Surigao State College of Technology, College of Engineering and
Infomnuon'l'edmology and its content may bo printed for individual use. Any otherusageis prohnblted withoutthe exprgessed

permission of the authors.



APPROVAL SHEET

This Project Study entited “PHOTOVOLTAIC SOLAR TRACKING CHARGING
" STATION” prepared by Norween L. Osias, Guilbert E. Partos Jr., Renante D. Tampong in

partial fulfilment of the requirements for the degree of Bachelor of Science in

. Electrical Engineering has been examined and is recommended for acceptance

and approval for ORAL EXAMINATION.

’?Q/\F,

ENGR. VICENTE Z. DELANTE, MLEng'g
Co-Author

PANEL OF EXAMINERS

- Approved by the committee of ORAL EXAMINATION with a Passing Grade on June
3,2022. TR
A

ENGR. ROBERT R/‘Bﬂl;c RO, MECE, MBA

)Z)hairm)lan

. Accepted and approved in pariial fuifillment of the requiremenis for the degree of
. Bachelor of Science in Electrical Engineering.

ENGR. ROBERV R. BACARRO, MECE, MBA
Dean, College of Engineerifig and |nformation Technology

June 10, 2022




1.8.3. group dynamics;




1.8.4. case study;




1.8.5. workshops;




1.8.6. simulations;




Power System Simulations on Load Flow Analysis Using
Newton-Raphson and Gauss-Seidel Methods on Excel

Gauss-Seidel Load Flow

Line Currents




Power System Simulations on Load Flow Analysis Using
Newton-Raphson and Gauss-Seidel Methods on Excel

insert Page Layout Formul Data Rewew View WS POF Nitro Pre 10 DATA CURVE FIT CREATOR
[ A cut . s At W - - g { “m % ‘@] I Austelum- Ao v
S 2 o Calibri " AN = ¥ Shvanp Tet Genenal E‘&,‘ i = 77? ¥ e 71 }}
Paste L . . & & Center - .o +8 3 Condttionl Cel nsert Delete Pormat y Tort & Find &
TR o Formu Puinter B I U - - A EEEE FOE EHMepeaeta- $-% v B33 Formatting * 3 Table = Shlei= - b - ZC08 T imere Setects
ki & Font = . 4 o i trg :
o7 - =06-(PE/Q8) .
) D St F G H i 3 ¥ L M N o ¢ Q R s =
A )
2 f(x) xcosx+1=0 E, ‘ 100% i = e L mid exam
3 fi{z)= €O% x -X$INx X i f'{x)=cosxsinhx+coshxsinz+0
4 1'{x)=-(e"-x)-1
5 k *n f{xn) f'{an) error k xn f{xn) f'(xn) error k m f(xn) f'{xn) error
5 1 1 1540302 -0.30117 1 ] 1 2 1 3 241372259 -B.496872468
7 3 6114817 T027546 2012019 BI6AT 2 05 0106531 -1.60653 100.000% : [Gzum] ossesers is.osssseis  w.son
3 3 2.623022 -1.27817 21686 133.106% 3 0566311 0.001305 156762 11.709% 3 322495  -0.045446889 -13.56143884  1.83%
3 4 2033624 0.092027 -2.26615 28.583% 4 0567143 196E-07 -1.56714 0.147% 4 3221599 -0.000140824 -13.47743784  0.104%
16 S 2074234 -0.00069 -2.29932 1.956% 5 0.567143 4.44E-15 -1.56714  0.000% S 3221588 -L3662SE-09 1347717593 0.000%
un 3 2.073933 -3.4E-08 .2.2991 0.014% & 0567143 [ -1.56714  0.000% 3 3.221588 0 -13.47717533 0.000%
12 7 207933 0 22991 0,000% 7 057143 0 L5671 0.000% 7 3220588 0 1347717593 0.000%
1 8 207393 0 22991 0.000% 8 0567143 0 156714 0.000% 8 3221588 0 4347717533 0.000%
14 9 2073933 0 22991 0,000% s 0567143 0 -L567TI4  0.000% 3 3221588 0 -1347717593  0.000%
15 10 2073933 0 22991 0.000% 10 0567143 0 L5671 0,000% 10 3221588 0 -13.47717593  0.000%
16
18
19
n
2
22
23
24
5 .
4 43 ¥ Newton-Raphson Shest? Shest: ) . EESFTERR e P - -
Ready | *
& - * - 8 x
n Home | it Pagelayeut  Fomwh Dats View  \WPSPDF  fthtoPro 30 DATACURVE FIT CREATOR c@aoFn
L4 o - al X7 } h -4 - E AutoSum * A
: :; ' P P AN Sl ®e Sweste Ganen h 2 e e or M
G & R Y iR - R Cara s : T Condit ce et Delete Format lert & Find &
Fromupuoe B L E 2 2 A EEW EE AMeoracee | § - % e R - . o LOers fiers Sele-
S Fant 2 Mignment e 5 ¥
11 - 2 -
o v e z ° o v @ £l o TR » ‘ o [} o v a _n s v u v - x ¥ 7 =
) A " b Vector wl0) - -
z D 2 [ ) B Lt (T N CERE EE
3 2 n s o 2
B L] 3 10 = = PYE L 300 T (IS
s a | - =
‘ R Ty L ! '
7 DeLs 2 £ priEAT oy u= ° o $
3 . s e 3 3 o
s
5 |
1 L) o 1 2 3 4 s - ? 3 . 0 it} a7 ¥ e m 14 i kL k) o a n n =
% L 1 ] S374308 -3 WBAIDTS -330X00 -3OFTS  -J014 20051 -3OED -JOOO) (3OO0 -3OOCH -3OCOO 300001 -3 3 -3 -3 -3 -3 3 -3 -3 -3
% 2 1 O SatteiedT OBAIE OFNITICL Q7742 O9RI4l OWEEE OSKSIS ORNST OeSIBd OSIA O8NS 00NNV 1 3 1 1 1 1 1 1 1 1 1 3
az y a 1 345333333 AOXD APITENNCEY 3 SSAE 1S3TT A MTE 1SETT QSIS 1 SEE 1 SR 39998 o1 00l -] il -3 2 -1 2 -2 s -2 -7 -2 -2 -2
Et
n L3 L] 3 2 3 4 5 . r 3 L] 30 n LH] i3 ) L} 1% ” ) 1w k- a3 n n xu
o a 1 L S374308 -3 TAIDIE -310X3 -IOFM (3044 3038 -3O0NST 4300071 000N 30001 -ROOOOM - 300008 3 -3 -3 -3 -3 -3 -3 ¥ -3 -3 -3
- " 3 O sosecens) OB453 ORNITINOL  O47IAY OIS1 OMMBE OSSN OSMST ORSI4 0595 OEST OBk 1 1 1 i i 1 1 1 1 Y 1 1
- 3 L] <3 18331333 AEN ATTET 1SS 1583 AMEE 18T 18IS A MNE 1ENET 1M 1 0ME 1 see -2 -2 2 1 2 -2 ] 2 ] -2 -2
o
= 5
= R
n
= e e@m
<! u b Intial Veotor s(0]
x Ll n a LA E
a a -
= = -3 | 4
z e itz
= o R
» Delw u- o ° 2
T o o o -
N‘—”" L " _\?-:‘_A_e ;{K'j:'f.a"l- noms. 3 i 4 e et W o e o i fi
Feacy - )
e — T L R——————t R
Insert Formulsy  Owa  Rewew  View  WISFOF  RtioProi0  DATA CURVE FIT CREATOR o @
4o S S - i T I Autosum - A
Calibrt -n A = Pe ShvinpTet Genent /
K5 mm e G : ol
i - - - B IR sadimen Center = .y -0 Condional  Format Sort & Find &
F Foimat Punter g- - A FEEE R Bwemeacems-, 5% 0 R om0 - 2 Clea Fier® S
P2 - i3 -
P 3 c o 0 F e " TERER K L M N o 2 a 3 ey = U v W TR < |
1 | | -
2 power function Paaigurs Sl s e AL wan 2O (e s i
3 x ¥ togx  logy fopa™2 lopdogy Z + 1 ! - e
4 01 002 100 70 165 100 165697 ol Y xw - ,‘]( i ,,) {z‘ ,-‘)[ 1 q)—( f xI '
5 02 01 0™  -100 106 049 06897 sl 2 ....-‘ P 2--r' Zm ! Z»I"-"'
6 03 02  9s2 0™ 07 027 0365477 4 . .
H 04 93 080 04 046 016 013l "(2..,‘7)”[2_.‘-}
8 05 056 03 025 el 009 0075603 | Vertical s Minor Grdbres
9 06 075 02 012 011 005 0027718 T oLames  ass2 g - =
It 07 14 -01S 002 002 002 -00028k 15
n 08 13 -0 o 013 001 -00104 Chart Title
2 09 17 008 023 03 0m 000 050 . ¥ 520785 0 0490 00028
13 1 209 000 032 033 000 o ¥ 0197690+ 0.22 K'“7:1.:1“?“ &
1 sum S48 354905 210 1024145 K" 509592
15 saturation fundtion ‘150 102 o0 15
143 X ¥ 1x Wy wHr2  aMam 2 50 k=Tl )
17 10 13 01 05263158 001 0052632 s 8- enad 1 — oy Garial)
18 0 3 005 03333333 00025 0016667 < -ios — Lnew Benad)
15 2 32 00811 0N 0001111 0010817 —mear Benrad)
£ © 33 005 0% 0000625 000541 150 o8
a 50 37 002 02702703 00004 0005405
e 0 42 00166667 02300962 0000278 0003968 00 ]
: » 41 00142657 02438024 0000204 0003484 AsaTate 0 12
] o 44 oms 02w 0000156 0002641 H
= 0 45 00l 0222272 0000123 0002469 i
b5 100 4 ool 0272727 0000 0002273 i
7 sum 02928968 2857595 0015498 0.106566 i : i
2 i i
» H |
» i j
W4y Sheetl Sheetd  Sheetd 9 4 : =
Pesdy -
ST e (- ) +



- 1.8.7. dimensional question

approach;




Completing the Circuit

Summary

In the everyday electrical devices we use — calculators, remote controls and cell phones
— a voltage source such as a battery is required to close the circuit and operate the device.
In this hands-on activity, students engage in the science and engineering practice of
making observations as they use batteries, wires, small light bulbs and light bulb holders
to explore the phenomenon of electricity and learn the difference between an open circuit
and a closed circuit. Students engage in the disciplinary core ideas and crosscutting
concepts of electric current and energy transfer as they make sense of the idea that
electric current only occurs in a closed circuit.

Students explore electric current through a closed circuit

Engineering Connection

Electrical engineers design the circuits and batteries that are in the devices and
appliances that we use every day. Circuits can be found in music players, computers,
video games, appliances, microwaves, phones, televisions, cameras, medical equipment,
vehicles and so many more products. Engineers take seriously the responsibility of
designing circuits that work dependably and safely. While new devices are constantly
being developed around the world, engineers strive to create safer, more efficient
products that ultimately help improve people's lives.

Learning Objectives
After this activity, students should be able to:

e Define, recognize, build and draw a closed circuit.

e Explain why a closed circuit is required for any electrical device to operate.

e Describe the transformations of energy that occur in the circuit.

e Use correct operations and appropriate methods to solve Ohm's law problems.

Materials needed:

1 D-cell battery

5-7 in (13 - 18 cm) insulated wire (gauge AWG 22) (available at most hardware
stores)

1 small light bulb holder (#40) (optional; available at most hardware stores)

1 small light bulb (#40) (available at most hardware stores)

small wire strippers or sandpaper (to remove insulation at wire ends)

tape (scotch, masking or electrical)

1 Completing the Circuit Worksheet

1 Ohm's Law Math Worksheet

L]



Name: Date:

Completing the Circuit Worksheet

1. In the space below, draw two ways to light the bulb. Use the symbols below.

2. What do you have to do to get the bulb to light up?

3. Draw two ways to connect the bulb, battery and wire so that the bulb does not light.
Use the symbols below.

4. Choose the right answer to complete the sentence: There will be an electric current in
circuit.

A. an open
B. a closed

C. a big + @ I
D. along —

Battery Light bulb Wire




Name: Date:

Ohm’s Law Math Worksheet

1. A battery is connected to a light bulb in a circuit. There is a current (I) of 3 A in the light bulb.
The light bulb has a resistance (R) of 0.5 Q. What is the voltage (V) of the battery?

Use V = I X R to solve this problem.

2. A battery is connected to a light bulb in a circuit. There is a current of 2 A in the light bulb.
The voltage of the battery is 1.5 V. What is the resistance of the light bulb?

74
Use R = n to solve this problem.

3. A battery is connected to a light bulb in a circuit. The voltage of the battery is 1.5 V. The light
bulb has a resistance of 1.5 Q. What is the current in the light bulb?

v
Usel = Sto solve this problem.
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