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I1Probl em For mul atil on

1.1 Introduction

Section 1 provides a background of tmaductivityprobebeingcompleted, an objective
statement formed by Current Wave, as well as a biteickmodel showing the overall purpose of
theproject

1.2 Background

Six Rivers Charter School has a chemistry course which uses a device to measure the
conductivityof multiple solutionsOver time, thislevice has corrodedpeering the probes of
the device in rusfTeam Current Wavis working directlywith ShannorMorago, an instructor
in HSUG School of EducatioandChemidry teacher aBix Rivers Charter School. (Will insert
more about the client)

1.3 Objective Statement

The objective of this design project is to produce a conductivity probe for the use of Six Rivers
Charter School in Arcata, CA. The chemistry departrmé®ix Rivers Charter Schoulill use

the probe to measure the conductivityafious liquids, as well as use the probe as a teaching
mechanism for students. Therefore, it is essential to designdativity probe that is not only
accurate, but that also facilitates learning for the students, can be handled by inexperienced users
without easily breaking, and can provide easy usability. The goals and criteria for this design will
be determined b$haxnon Morago

1.3.1BlackboyDiagram

A black-box model was used tietermine the ultimate gotd achieve with Six Rivers Charter
Schaml. Figure 1 displays thisnodel.

The students at Six The students at Six
Rivers Charter Rivers Charter
School lack a .—> Black Box * School have a
conductivity probe conductivity probe
for learning use in that facilitates

chemistry courses. learning in chemistry
courses.

Figure 1-1. Black Box Model that shows what the gisabf Current Wave



2Pr obl em Anlail tyesriRed wArmedv

2.1 Introduction to the Problem Analysis

2.1.1Specifications

Dr. Morago wauld like to see each probe stand up with a height of one or two feet, that can stand
on a table and be plugged into anbgavall outlet.

2.1.2Considerations

The probes will be used for a few labs each semester, and then stored for possibly long periods
of time. Students could potentially break sensitive equipment, and the past conductivity meter
model wasdo smallforsme of t he past studentsdé hands.

2.1.3Criteria

The criteria listed in Table-2 was made by incorporating criteria from both ArcatghHschool
and Current Wave.

Table 21. Criteria for a new conductivity probe design is ratadirder of importance on a scale of 1 to 10.

Criteria Constraint Weight

Safety Must not physically injure the user 10
(including shocks, cuts, etc.)

Durability Lasts longer than 5 years 7
(other than replacement bulbs)

Level of Must be a visually pleasing display that captures the attention of | 9

Engagement the user/class

Ease of Repair No more than a one-page long repair sheet, no background 8

knowledge required for repair

Cost <$50 per probe 7
Aesthetics More visually pleasing than the previous class model 4
Educational Must be able to teach students basic conductivity principles ata |5
Value high school level

Inspirational Must instill a curiosity in class that may lead students to having | 4
Value a higher level of interest in science.




2.1.4Usage

The proposed design will be used by Arcata High School to conduct lab experiments in
chemistry class a few times a semester. Stgdetiituse the conductivity probe hands on, one at
a time. The probe will also be used for class presentat@mrducted by the teacher.

2.1.5ProductionvVolume

Four productivity probes will be built for the chemistry class. This will allow the lab to be
conducted in a more efficient and timely manner than before.

2.2 Client Criteria

Dr. Morago serves as the liaison for the client, Arcata High School. She has requested the
following criteria

1 Qualitative data as it engages students, helps them bettderstand the topics
presented, and contributes to a more enjoyable learning expgerienc

1 A height of about 1 foot so that students can see presentations involving the conductivity
meter.

1 Large light bulb, or some other bold form of display to captivagesthdent audience.
1 Multiple devices so the whole class can participate simultanetalsiyt 4).

Along with these requirements, Dr. Morago also has some preferences. She would prefer a
structure that would allow students with large hands to place baaldgsneath the prongs, a
simple device that would be easy to repair if anything dgtsaged, and an aesthetically
appealing device (S. Morago, personal communication October 1, 2019).

2.3 Child Development

Exploration is a contributing factor in improgrhe engagement of students in class. Students
are asking to find answers and solosdor themselves. Nawearners want more hands
experience rather than absorbing information from their instrugteassons, Taylor 2011)

Another contributing factoin improving engagement is relevance. Learners are asking why they
are completing a#ain tasks and how it is relevant to the real world. Learning tasks should
require deep thinking, be connected to the world outside the classroom, have intelleatual rigo
and include substantive conversation. (Parsons, Taylor 2011)

To acquire attentiorrdém students, their curiosity must be engaged. There is a phenomenon
called rubbernecking which is the flow of traffic decreasing because people slow down to look at
somehing unfamiliar on the roadside. Brains are attracted by changes in the environment.
Changing the setup of a room, having interactive props, and having audio sensations engage
students(Bertha, Craft 2013)

2.3.1 Pedagogy

Real life experiences and situats are vital to the process of learning physical sciences.
(National Council of Edudanal Research and Training 2013). Different forms of experiences
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that aid in the process of learning physical sciences include performing observations and
experiments rad engaging in activities and projects. Fig@r& shows that taking part in these

kinds of activities and reflecting upon them af
minds (National Council of Educational Research and Training 2013).

N Concrete ~
- Experience -

N A4
Active Reflective
Experimentation Observation

N A4

P Abstract P
o~ Conceptualisation | ™~

Figure 2-1 Four stages in experiential learning (National Caurof Educational Research and Training 2013).

Another aspect that is vital in the process of learning physical sciences is a collaborative learning
approach (National @uncil of Educational Research and Training 2013). Group activities such

as brainstorimg, group problem solving and pdearning aid students in becoming autonomous
learners and in developing collaborative social skills. A collaborative learning approach
encourages <critical thinking, probldeasmtosol vi ng
oneds peers (National Council oFigue2Qucati onal
demonstrates a visual demonstration of a collaborative learning enviromnmaeciassroom.

] M
B<—B B<—B B<—H B<—H

AN A A A
Teacher as (J

facilitator [€

A 4

A4

Common
Goal

AA 4

N

Figure 22 A Collaborative Learning Set Up in a Classroom (National Council of Educational Research and Training 2013).
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Another method found to be effective in helping students learn physical sciences ig alterin

teaching style to present the material in a cogrytisemulating way (Stern et al. 2018). Asking
students to come up with solutions to probl em
stimul ates the student slldackanprevinss krowledgerarelqui r e s
attempt to make conotons, and exposes students to the limits of their own knowledge.

Presenting students with two superficially similar, yet fundamentally different concepts and

asking them to find these differencescies students to break these concepts down into their
fundamental roots, cementing the conceptual differences in their minds (Stern et al. 2018).

Qualitative knowledge is an especially effective parameter in improving student conceptual
knowledge and quaétive problemsolving performance. Students who firsatned quantitative
problemsolving methods then learned qualitative concepts performed worse on quantitative tests
than students who learned the qualitative concepts before quantitative methodst(@tern

2018). The effectiveness of a curriculum whastcourages qualitative conceptual teaching

methods can be seenkigure2-3.

students with intelligence above the 75th percentile
12 ! - 12 L L
-~ global mean
N regular
10 4 =3 CogAct B

10 S =

mean conceptual understanding posttest
[+)]
1
_|
mean quantitative problem solving posttest
(=]
1
I

0 - T T 0 - T T
male female male female

Figure23Compares intelligent male and f emal a quantilatdeunderstdndige an con.
in standardcurriculum classes (dark gray) and a qualitativeendly curriculum (light gray)(Stern et al. 2018).

This learning style is alsspecially effective for improving performance of female students in
the physical Sences and may be able to contribute to reducing the gender gap in STEM majors
(Stern et al. 2018).

Three core portions of early learning in sciemmsude theability to reason about causal
connections, knowing the parts that explain these connectimhsnaking accurate observations
(Tolmie et al. 2016). Crosscutting concepts, such as @mndeffect relationships, tend to have
high relevance in any learning field, aslivés in daily life (Tolmie et al. 2016). Children learn
best when they are presedtwith the challenge of using themblemsolvingskills to find
answers to questions. It is especially beneficial to their learning process when the solution



involves annteractive experience (Tolmie et al. 2016). Providing a contextualized experience
which an adult can facilitate learning can help make learning more meaningful to a.student

2.4 Conductivity

Section 2.4eparatethe key components of conductivityis separated into principle&C
sources, principlesf conductivity,and conductiity in solution.

2.4.1 Principles

A conductivity cell(a glass vessel with two electrodes at a definite distance apart and filled with
a solutionwhose conductivity is tbe measured)an be set up using what is known as a
Wheatstone bridge circuih Wheatstone Bridge is usedpnobes bymeasuring the resistance of
a solution in comparison to the other three resistors within its circuitry. One method is to
alternate theasistance until current flows evenly through both sides of the bridge without
crossng over the center. When this point is reached the voltage potential along the bridge is
known, and one can then calculate the resistance of the solution that the prsbdasd in. In a
solution, electrical current travels through dissolved ions raftla® electrons. Conductivity is
the inverse of resistivity, and so using Ohmo
than a metal would, and thus a smallandiactivity. It is best to measure the conductivity of a
solution using a probe thases alternating current rather than direct current. Direct current
allows the ions in a solution to polarize over time, altering the reading for conductivity.
Contrarily,alternating current prevents the solution from polarizing, and it is recommended to
use an AC current that does at least 1000 cycles per second. Sawyer recommends using
electrodes coated in platinum black for a higher state of balance, and electrode$ staidéess
steel or another common metal when continuous or constant use iteeXjpethe probe.
Typically, conductivity is measured micro siemenswhichis. Conductivity of a solution is
typically measured by comparing to a standard solutionavithown resistance. In water

quality, conductivity can be used to quickly calcuat@ugh concentration of dissolved solids in
a water sample (Sawyer et al. 2003).

2.4.2 AC Sources
An AC source is an electric current alternating in voltage in a simalssal’e. According to
Physics for Scientists and Engineers with Modern Physican&liwoSerway/Jewett 2008)
AC source circuits run off an alternating current that is described by:
T v = ma{*(@M( *t)), Where:
0 V= alternating voltage, a wave function based on time
0 o \hax= maximum output voltage, or amplitude
o] =2ZIT, T = periodthe waveform frequency (rad / second)
o t=time
2.4.3 Principles of Conductivity
Important equations
T Ohmoés L aw:Resktahce aCGureent =
T Conductance: the inverse of Ohmés Law: 1
1 Cell Constantk = d/a, Where:
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o k= cell constant (cm)
0 a= area of electrodes
o d = distance between electrodes

1 Cable correction: Gm = Gs / (XRc x Gs)), Where:
o Gm = measured condtance (units in Siemens)
0 Gs = Solution Conductance (units in Siemens)
0 Rs = Cable resistance (units in Ohms)

(Radiometer Analytical @04)

2.4.4 Conductivity in solution

The conductivity of a solution is its ability to carry an electric current. Asolditeon abi | i ty t o
carry an electric current is dependent on the presence of ions dissolved in the water, the
concentration of ions in threolution, the valence of the ions present, and the temperature of the
solution. (Radiometer Analytical 2004). Conductieéusions include acids, bases and salts due

to their abundance of charged ions needed to pass along the electric current. Conductive
solutions most often occur in due to the water
molecules apart into their iordd subcomponents.

Conductivity is measured by finding the resulting voltage when positive and negative electrodes

are placed in a sdiion and an alternating current is applied. The application of the alternating

current causes cation and anions to tréwelugh the solution to their opposing anodes, using the
solution as an electrical conductor. With a known current and a measuiagkevattid using

Ohmés Law (Resistance = Voltage [/ Current), t
t h e s orksistncey ané smply needs to take the inverse to find conductance, and to find
conductivity one must simply multiply conductangetbe cell constant (k = d/a) (Radiometer

Analytical 2004) Figure 4demonstrates the flow of electrons during condugtivieasurement.
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Electrical current, |

[¢&— Voltage,V —|

Figure 2-4 Flow of electrons in solution (Radiometer Analytical 2004).

2.4.5 Temperature

Measurements of Temperature has a significant influence on conductivity readings. Conductivity
measurements takevith temperature measurements will always be more accurate than
conductivity measurements alone. (Ashton, Barron)

The Temperature Coeffickn of Vari ation is the rate that a
temperature rises. The Temperature Coefiiictd Variation is expressed as the percentage

increase in conductivity for a temperature change of 1°C. Below is a table of measureohvariati

of various solutions. Temperature plays a significant role in conductivity readings because as the
temperatureirs es, t he |lowgrs,andions ardveert traved. Moreg freedom for

ions to travel is ideal for more conductance. For exaniiptan be seen in thieable2-2 that the

Ultrapure Water increases its conductance 0.55% with every temperatwasieof 0.1°C.

(Barron & Ashton 2007)

Table 22 Temperature Coefficient of Variation for Common Solutions
(https://www.camlab.co.uk/originalimages/sitefiles/tech_papers/tempcondmeas.pdf)

Solution Temperature Coefficient of Variation
ol *C at 25 °C

Ulirapure Water 3.5
Na(dH 5% 2.01
Na(H 3(Fa 4.50
HCIl 5% 1.58
HCI 30% 1.52
KCl 5% 2.01
KCI 20% 1.68
Fresh water ~2.0

12



2.5 Example Projects

2.5.1CurrentConductivity Meter Model

The EC210 Compact Conductivity/ TDS Meter by ExTech is a current conductivity probe
available on the market. The prasecapable of measuring conductivity, total dissolved solids,
and temperature. The conductivity measurementtesa correction feature. The probe is
powered by a-¥olt battery andhas an automatic skhotf mechanism after a set time period.
The measwable conductivity range is a low reading 200i@gro siemenger centimeter and a
high reading of 10@nilli siemensper centimeter. The meter must first be calibrated using a
standard solution with a known conductivitgXTECH 2019)

2.5.2 Past ENGR 21fject Involving Education in Science

The reviewed design project consisted of making a mechanism thia¢lpaprovide an audience

a better understanding of how waveforms&ndarest in the area. The team (Te@uitback)
pendulummodel to focus on visuatimulus for learning. designed for harais learning, in that

a user could push the initial piece of tregulum and then watch as the mechanism moved in a
waveform pattern. Since this mechanism was meant to be used for teaching, considerations into
its design included functionality, storability, portability, safety, durability, educational value, and
inspirdional value. How well the prototype would teach and engage users was considered just as
key as itds functional ity recdsidened bpferetiiledebnn m t y pe
chose their type, with functionality, durability, and safety being the keyrmdening factor in the

t eamoOs These pesdulamsontained a line LED lights, and for safety the circuitry was
surrounded by heat shrink tead fire hazards. The lights were arranged in parallel and placed

in series with 15@hm resistorsTime was taken to know the voltage drop and the current

through each light. The pendulum was also designed to be collapsible and fit in a box for easy
portability. (Team Outback 2017)

2.5.3 Probes

There are two types of conductivity sensors. On the left is a Contacting Conductivity Sensor.
This type of probe is ideal for use in pure and ultrapure water applications. This is because they
are highly sensitivéo ions present, providing the highestaecy for low conductivity
measurements. On the right is an Inductive Conductivity Sensors. This type of probe is much
more versatile and is better used for measurements in dirty, corrosive, or high conductive
solutions. Although this type of probgnotas sensitive or accurate, it is much more durable

than its counterpar(Yokogawa)

13
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Figure 2-5 Contact Conductivity Sensor (left) and Inductive Conductivity Sensor (right)
(https:/mmww.yokogawa.com/us/solutions/produptatforms/processnalyzers/liquidanalyzers/conductivitgensors/)

3 Alternati ve Soluti ons
3.1 Introduction

Six solutions have been proposed as a prototype for the Conductivity Probe. Each alternative was
developed bsed on meeting the specifications provitdgdr. Morago for serving the needs of
the Arcata High School science classrooms.

3.2 Brainstorming

Team Current Wave met for ahdur period to brainstorm before coming up with a set of
alternative solutions.&h member arrived at the brainstormingsgeswith two partially

formed design ideas. The team then went through each proposed design one at a time and
provided input to address concerns and provide potential improvement. Time was then taken to
brainstom attributes to the design based on indraildsections: display type, shape, probe type,
and body material. Once a list was made for each of these categories, the team considered
various combinations for possible design solutions.

3.3 Alternative Solutions

After completion of the brainstormingssion, each member sketched a handful of alternative
solutions based on the ideas and input of team members. The members of the team then
collaborated and decided six alternative solutions. These solutiareweighted based on
criteria, and one soluh will be chosen for the final design.

These are the lists of solutions:
Conductivity Canon

The Lighthouse

Colored Chest

Light Chest

The Egg

Spectrums

o wNE

14



3.3.1Conductivity Cannon

The Conductivity Cannondusesa light ina plastic body that is in the form of a cannon and
about one foot in length. It rests on a wooden stand with four legs. Inside the mouth of the
cannon is a lowoltage dimmer lightbulb. The power source to the probe igs@tdvall wart

and a @ise, withthe electric cord connected at the base of the cannon near the stand. The fuse
protects against electric shocks, shutting off the circuit when the current reaches to high of a
value. The hot wire from the power cord runs to the top of the cantethe ©rd mimicking a
cannon fuse. At the end of the fuse cord is the conductivity electrodes. The incoming hot wire
connects to one of the probes, and another wire connects the second electrode to the lightbulb.
The second wire from the power cordaatsins tathe lightbulb base. When the electrodes are
inserted into a solution with a high enough salinity, the electric circuit is connected, and the
lightbulb illuminates the mouth of the cannon, as shown in FigdreThis Conductivity

Cannon serves am effecive qualitative display and the circuitry is simple to repair. It sits low
to the ground, the plastic body is difficult to damage without intention, and the probe is
constructible in under $50.

> ELECTRIES

JImnEr,

bULB /

“"*WALL k/A/CT ' %/4//7/

Figure 31 The Condutivity Camon conS|sts ofa S|mple DC closed circuit loop, and has a qualitative display consisting of a
low-voltage dimmer lightbulb illuminating its mouth.

3.3.2The Lighthouse

The Lighthouse is a conductivity meter designed to work similarly to theaArigh S o o | 6 s
previous model, with added aesthetics and safety. The body of The Lighthouse is a wooden
tower with a plastic cap, standing at about two feet tall. The top of the tower contains a low
voltage lightbulb. The power source of The Lighthouseststs ofa 9volt wall wart with a fuse

to protect against electric shock. The power cord runs into the base of the prototype and is then
separated into its two internal wires. One wire connects directly to the lightbulb housing at the
top of the towerThe otheris connected to a metal conductor plate. The wire at the other end of
the lightbulb housing is coiled up and connected to the first electrode on the conductivity
electrode. The bottom front face of the prototype has a slot into which the bea&krtionto

test is inserted. On the outside wall of The Lighthouse is a lever that can be pulled down, moving
the electrodes down towards the beaker. The other electrode on the probe is connected to a wire
piece that connects to the metal conductorepidien thgrobe reaches the beaker solution. If

the solution has a high enough salinity concentration, this closes the circuit and the lightbulb at
the top of the tower will illuminate The Lighthouse. Having a lever makes it so that the user
never has thandle theelectrode, ensuring loAgrm durability.
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The frontfacing wall of the body is a clear winddhat increasethe education value that it
provided, allowing the user to see the connections and workings of the inside of the prototype.
The designcosts roghly $5Q Safetyhas been considered by usinfyse all the circuitry being
internalized and low DC voltage and currefithe front window of the tower is removable,
allowing easy maintenance. As seen in Figu& B also adds an aesthetidanspiratonal

appeal. This factor is particularly geared towards those in the area of Humboldt, in that it takes
the form of a lighthouse.

Caly 'Qo{" ~p
/./)//-f/ ~/ SR

Figure 3-2 The Lighthouse consists of a closed DC circuit, with a lever so thas#reoesnottouch any of thelectronics
Upon pulling the lever and inserting the probe into a high salinity solution, the top of the tower is illuminated byoldge/

3.3.3 Colored Chest

The Colored Chest uses commercially available wood thagasili be bought in local stores or

online. The wood is held together with wood glue and iron slabs shown in Fiureh@

wooden box contains an assortment of lights that range from red to violet. The chest has a probe
that can be pushed into differesaiutions. If a solution has a high conductivity, more of a

violet/blue color is displayed. A small amount of conductivity displays a more red color, and a

gold color is displayed for middle ground conductivities. This assortment of colors is done via an
assortent of colored LED light bulbs. The probe piece connects to a microcontroller, which
relays which LED bulbs to turn on based on th
gualitative data on a basis of low, mid, and high conductivity. It ishiguacubic foot in size,
meeting the cl i ent-Bdisplaypad sametiiciawt of tkerCslored Ehegt.ur e 3
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Figure 33 The Colored Chest is shown with a red glow, indicating a solution witltdmauctivity (deign by Marco Gudino)

3.3.4 Light Chest

The Light Chest relies on standard white Light Emitting Diodes (LEDs). This body of this
design, like the Colored Chest, is made out of commercially available wood. The Light Chest
relies on a circuithat is closednto a completed loop when two prongs are dipped into a liquid
with a minimum level of conductive properties. The lights shine brighter if the conductivity is
higher in the solution, and dimmer if the conductivity is lower. This desigs mloierequire a
microcontroller or code, as the same bulbs are used for all concentrations of conductivity in a
solution. Figure 31 displays an isometric view of the Light Chest design and displays where the
slots for holding the beakers in place are feda

Figure 3-4 The Light Chest is a modification of the Colored Chest, using dimmer lightbulbs in a parallel circuit rather than a
microcontroller and colored LEDs (Design by Marco Gudino)

3.3.5 The Egg

The Egg is a condueity meter desiged to create an appealing visual display. There is an
internal wire frame that supports horizontally stacked strips of LED bulbs. These lights are then
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encased in a sertansparent plastic shell, allowing for the egg to glow upon illutiwnaf the

bulbs. This plastic shell also protects the individual bulbs to ensure durability of the product. A
conductive solution is placed in a cavity in the front center of The Egg, after which the probe

l ever is shifted tmadionihsertsihelectwodas into thessoltitionolithe Thi s
solution has a high enough conductivity, this allows the circuitry to become a closed loop,

lighting up the LEDs and illuminating The Egg. The LED light strips are connected in parallel,
allowing for aneven lighting hroughout each stri-hedesign is shown in Figure=®

Figure 3-5 The Egg stands at about 15 inches in height, with a casing to protect the bulbs from damage during use (Design by
Leith Butler)

3.3.6Spectrums

The body ofhe Spectrums is a hollow rectangular box with a lid. This allows for easy storability
of the prototype. There is a scréwring stand and ring into which a cylindrical beaker sits.

Over the beaker is an attachable lid containingwloeprobe electrodeslpon closing of the lid

the electrodes are inserted into the beaker. If the solution in the beaker is conductive enough,
current will be able to pass through and the light displays are activated.The visual displays and
circuitry aresecured to the top sade on the inside of the lid. This body and container is built to
match two different display designs.

Contouiner~ wWith Probe-
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3.3.6.1Spectrumeter Displa

The Spectrums Meter Display has six colored lights in ascending order from lowest to highest
light waveintensity. A solution with a low conductivity lights up only the red light at the bottom
of the display. Solutions witimcreasingly higher concentrans consecutively light up the next
light on the display. A max conductivity reading lights up all of the six colored lights. Next to
each meter is a display that reads the conductance of the solution in Siemens pehméter. T
displays are controlledsing a microcontroller, which reads the voltage of the solution and lights
up the display using a logic gate.

Figure 37 A meter display is the first of two stwlored light bars for Spectrusr(Design by Kush Rawal)

3.3.62 SpectrumBRainbowDisplay

This Spectrum conductivity meter uses the same circuitry principles as the Spectrums Meter
Display, only with a different visual layout. It lights up the color arcs in accordance with the
conductvity of the solution, illuminéing additional arcs as conductivity increases. Each arc of
the Spectrums Rainbow Display has a light source at its base, and is lit up through the use of
fiber-optics material.

Figure 38The P ect r umbs Rai matarnativeo tbepreatlsumsi.'l\/BatéréD*i;play, using fijetics to generate a
rainbow visual to the user. (Design by Kush Rawal)
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4 . Decli sS1 on

4.1 Introduction

Section 4 explains how Team Current Wave finalized the fir@btype from the list of

ater nati ve solutions in Section 3. The final d
Dr . Morago O0s <criteria, specifications, and a
4.2 Criteria

Section 4.2 lists the criteria useddetermine the final d&gn. The lisof criteria isbelow.

Feasibility: how possible the design is to build

Safety. how safe the design is for high schagle children to use.

Durability : how well the design will theoretically hold up over years of use in a high school lab
environment.

Level of Engagementt he | ev el i n which the design might
attention.

Ease of Repair how easy and intuitive it is for the client to repair any components that may
break over the cdmese of the designbés |ife
Cost how much it would cdgo manufacture 4 copies of the design, and the estimation of how
much it would cost to repair broken component

Aesthetics how visually pleasing the design is to the user

Educational Value The desi gnos p odergsraboutshé subject matiera c h st u
Inspirational Value: t he designds potential to inspire s
science.

4.3 Solutions

Section 4.3 simply lists all the alternative solutions. Each was graded by the criteria. This is the
list of all the alternative solutions described in Section 3.3.

Conductivity Cannon
The Lighthouse
Colored Chest

Light Chest

The Egg

Spectrums

= =4 -8 A8 4 -9
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4.4 Decision Process

The criteriawereweighted by the importanc&able 42 shows a list of the criteria and their
weights used to justify the determination of the final design solution.

Table4-1. Weighted Criteria used for Delphi Matrix

Criteria Weight
Safety 10
Level of Engagement 9
Ease of Repair 8
Durability 7
Cost 7
Feasibility 7
Educational Value 5
Aesthetic 4
Inspirational Value 4

A Delphi Matrix was used to identify the top two designs out of the list of alternatives. Each
criterionwas given a weight from 1 to 10 based on its importance to the overall design goal.
Each degn alternative was then separated into columns. As showigure 41, eactcriterion
was then scored on a scale of 1 to 100 for each design. These criteria were then summed to
provide a total score for each of the alternative designs. Each team méGherat Wave

filled out a Delphi Model individuallyafter which scores were discussed as a group. The
Lighthouse was determined to have the highest smwrause ibest meeting the criteria for the
problem solution. The Light Chest camesgtond angvas kept in consideration as a tie until
discussed with the clientheLight Chest was not chosen becaitseould be difficult for the
students to see what is occurring inside the box from afar. Ultimately, the clear front of The
Lighthousecaused it tde chosenFigure 41 shows the averaged values of the four Delphi
Matrices made by each of the four members of Current Wave.
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Table 42 Delphi Matrix of Each Alternative Design (made by Caleb Dedmore)

Criteria Solutions
List Weight | Conductivity Cannon The Lighthouse Colored Chest Light Chest The Egg Spectrums
59 93 72 74 73 78
Safety 10
590 930 720 740 730 780
76 a1 83 a3 73 73
Durability [
532 567 581 581 511 M
Level of 75 93 81 80 84 8
Enoagemen| 9
1 675 a3r 729 720 756 702
Ease of o 76 a1 74 86 48 51
Repair 608 648 592 686 384 408
a1 81 69 80 a6 [
Coslt 7
567 567 483 560 392 511
a0 90 84 79 a5 86
Aesthetics 4
320 60 336 316 380 344
Educational 70 83 (4! 80 70 78
“duca 5
Value 350 415 355 400 350 390
Inspirational 4 63 90 a4 83 0 89
Value 252 360 336 332 360 356
G3 76 70 83 54 56
Feasability 7
441 532 490 581 378 392
Total 4335 5216 4622 4918 4241 4304

4.5 Decision Justificdon

The final design choice for the Arcata High School Conductivity Meter is The Lighthouse. This

model had the highest scoring on the Delphi Matrix, as shown in FigRuwr&He Lighthouse was

also the safest out of all of the alternative solutions, aslosable cover and lever making the

risk of shock almost nonexistent for a user. The design also provides an easily understood

gualitative display with an aesthetic appearance. The circuitry setup is simplified compared to
some of the other models, indiimg that finishing the probes within the timeline is feasible. The
ous

Lighthouseos

the Conductivity Meter.

5

5.1 Introduction

Section 5 is an overview of TeamuQ@ r e n t
overview of materialests thatveredone a detailed description of the solution, a breakdown of

high

rat.i

ngs

Speci fications

on

Waveods

fi

t he

var

n & $ubsectonsant

manufacturing and maintenance costs over the life of the giddstructions for

implementatio, and test results that led to final design specifications.
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5.2 Material Testing

Three material tests were done to optimize portions of The Lighthouse Condudgwéy The

first two tests were corrosivity tests of various metals to determine thenb& to use for

probes The metal that was tested to have the least amount @itmridvas chosen as the

material for the two probes on the conductivity melée third test carried out was a light bulb
test, in which multiple light bulbs d@fiffering voltage and amperage ranges were tested to select
the bulb with the best dimming r@@based on the expectednductancef solutions that The
Lighthouse will be usetb measurén Six Rivers Charter Schotdb classes.

5.2.1 Probe Metal Selection: Disc

The first experiment consisted of various metal washers being submerged in a cookstant
solution for 30 minutes. This experiment was to test mass reduction@fithzing anode after
post conductionWashers were selected because our team assumaddhgon reaction would
be slow and the washers havaigh surface area to volumaio, thus, oxidizing fasteithe
result proved after 3tinutes;all of the anodes disintegrated with the exception of the
galvanized steel which impressively did nopexence any massduction.

Table 51Results of the dactation test of various metal discs. A 9.28V DC charge was inputted on two discs of each metal for a
duration of 30 minutes while submerged in a 2M NaCl solution to asses|oss due to oxidation.

Initial Final
Initial | Final Amass | Avoltag | Visible
Metal type: Voltage | Voltage .
Mass (g) | Mass (g) (9) e (V) |Oxidation
v) v)
Galvanized
7.1 7.1 0.69 0.69 0 = no
Steel
Stainless
0.7 0.5 8.56 0.00 -0.2 -8.56 yes
Steel
Brass 1.3 0.60 2.01 0.00 -0.7 -2.01 yes
Copper 0.9 0.4 2.29 0.00 -0.3 =2 2] yes
Aluminum <0.1 <0.1 1.86 0.00 N/A -1.86 yes

5.2.2 Probe Metal SelectipRod

The second experimenias a direct continuation of tifiest corrosivity experimentinstead of
washer, various metal screws were chosen because rods have a closeaafaceolume
ratioresulting in asloweroxidation rateA voltmeter was also attached to tiecuit to seeif

there was a voltage change going to the lightapepost conduction. After being submerged for
thirty minutesevery metal sample experienced a nragsiction ad voltage changeith the
exception of galvanized stedlhe second experiemtsolidified the final design choice to use
galvanized steel abeelectrode material.
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Table 52. Results of the oxidation test of various metal rods. A 9.28V DC charge wasdéhpuattwo discs of each metal for a
duration of 30 minutes while submergeadai 2M NaCl solution to asses mass loss of the metal rods due to oxidation.

Initial Final
Initial | Final Amass |Avoltage| Visible
Metal type: Voltage | Voltage .
Mass (g) | Mass (g) (9) V) Oxidation
(v) (v)
Galvanized
23.1 231 1.38 1.38 0.0 = no
Steel
Stainless
16.7 16.7 1.50 1.70 0.0 -0.2 yes
Steel
Zinc 18.3 18.2 2.36 2.04 -0.1 0.32 yes
Brass 7.0 7.0 2.01 1.82 0.0 0.19 yes
Bronze 13.8 13.5 2.29 2.38 -0.3 -0.09 yes
Nickel 8.2 8.0 2.08 1.98 -0.2 0.1 yes
Aluminum 1.8 1.6 1.86 1.61 -0.2 0.25 yes

5.2.3 Light Bulb Selection

Six various light bulbs were tested for their dimming range to selebettebulb for The
Lighthouse. Based on client feedback and past labs do8&IRivers Charter School, it was

assumed that solutions of ionic molarities between 0.1M and 3.0M were most likely to be
measured by the conductivity probe. Each of the sixsowhis tested in the probe circuitry on
0.1, 0.5, 1.0, and 3.0M NacCl solutiofie results are shown in Tabl85

Table 53. Data of recorded during the testing of 6 different light bulbs under various concentrations of NaCl

Light Bulb Molarity Activation Lumen Range Brightness
(MolesNaCl/Liter)| (Yes/No) |(constant/increasing) (Trend/Quality) Notes:

3.0V0.30A 0.1 Yes constant dim/ orangish Choice #2: This light works well
3.0V030A 0.5 Yes constant bright for the conductance range, but
3.0V0.30A 1.0 Yes constant brighter (almost hurts eyes) is apt to blowing out at higher
3.0V0.30A 3.0 Yes constant bright {only slightly brighter than at 1M ionic concentrations.
3.8V0.20A 0.1 Yes constant very dim Choice #1: This light works well
3.8V0.20A 0.5 Yes constant brighter with a ping pong ball as a cover,
32.8V0.20A 1.0 Yes constant brighter (slightly hurts eyes) and does not blow out at higher
3.8V0.20A 3.0 Yes constant bright {only slightly brighter than at 1M solution concentrations
5.0V 0.02 A 0.1 Yes constant dim/ orange - ;
5.0V 0.02A 0.5 Yes constant brighter, siill orange This light do.es n.ot reach a high

enough luminosity for the
5.0V 0.02A 1.0 Yes constant brighter, but still not very bright

expected conductance range
5.0V 0.02 A 3.0 Yes constant still not ideal level of brightness
5.0V 0.06 A 0.1 Yes constant dim Choice #3: not as easy to tell
5.0V 0.06 A 0.5 Yes constant brighter difference between brightness
5.0V 0.06 A 1.0 Yes constant brighter for 1and 3 M for this bulb
5.0V 0.06 A 3.0 Yes constant moderately bright
5.0V0.12A 0.1 Yes constant dim This bulb has a good dimming
5.0V0.12 A 0.5 Yes constant brighter range, but does not get as
50V0.12A 1.0 Yes constant brighter bright as other bulb options
5.0V0.12 A 3.0 Yes constant brighter
6.3V0.20A 0.1 Yes constant dim/ orangish There is not a large change in
6.3V0.20A 0.5 Yes constant dim/ orangish brightness, not a very appealing
6.3V0.20A 1.0 Yes constant dim/ orangish color, doesn’t get very bright
6.3V0.20A 3.0 Yes constant dim/ orangish

The 3.8V, 0.20A light bid was chosen for The Lighthouse, having had the best dimming range
without being apt to blowing out at higher ionic concentrations. A ping pong ball was chosen as

a cover
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5.3 Description of Solution

The Lighthouse Conductivity Meter is a probe used forsmeag the conductivity of a liquid
solution. The design consists of a wooden body with a plastic rooftop housing. Inside is a probe
block that slides along a dowel to lower two probes ansolution. The probes are connected to

an electrical circuit thdights a lightbulb at the top of The Lighthouse if the solution has a
readable conductivity. The bulb increases in brightness with increasing conductivity.

5.3.1 WoodenBody

Thebodyof TR Li ght house is built out ddse andarpof.ywood
The walls are 120 tall trapezoidal shapes. Th

on the bottom. The other two wa lbdttem Sirwevtke a 3. 5

tower leans in, the tops and bottoms of thd pigices were cut ata2-degreeangle. The base

and top pieces are trapezoidal pyramids also cut at 7 degrees, with thaxbagdimensionsf

6&x6. 50 and the rodf davydongThe mosefi omads oa 10 h
center for the light bulb housingll the wooden cuts were sanded down anedpitked before

painting. On the front of The Lighthouse, a piece of plexiglass was cut and smoothed down to fit

on the uppe  5incles of the open wall, serving as a window to view the inner components of

the design. The window was screwed iftsafour corners using screws with gaskets so as to

avoid cracking when overtight enedthoudahleft bot t om
open for the insertion of solution beakers onto the base.

Several prototypesf t he wooden body were made to deterrt
The final one, was sturdy and had a wide base that makes it difficult to get hanasdjamm
Figure5-1 shows all three different lighthousesde

Figure 5-1 Evolution of Lighthouse Bodies
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