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Meet a Scientist

Esther Jacob
Tarimo

Teacher, Mtinko Secondary School

About me:

| started teaching while having a
Bachelor's  degree in
Secondary  Education
and then | completed
a Bachelor of \»
Science in Physics N
and A
Mathematics. It

still wasn't
enough for me, ;
so | decided to study for a Masters degree in Physics at the Un|ver5|ty of
Dodoma. My Master's thesis project focused on first principles studies of
electronic, optical, and elastic properties of corundum from different mining
sites in Tanzania. | am interested in physics research, especially as it relates
to guantum computing.

My advice for students interested in science:
- Don't worry if you don't understand everything at first.

- Don't be afraid to question things.

- Keep learning, stay patient, and enjoy the journey.
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Mission Statement

The mission of this laboratory is to teach primary level students (ages ~5-11) about
atoms with hands-on activities.
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1. Introduction to WS2 Laboratory Kits
1.1, Information about WS2

Women Supporting Women in the Sciences (WS2), an international organization
unifying and supporting graduate and professional-level women and allies in science,
technology, engineering, and mathematics (STEM), was awarded an American Physical
Society (APS) Innovation Fund in 2020 to form international teams to design and
distribute low-cost physics and materials science lab kits to primary and secondary
school students, predominantly in eastern Africa. The lab kits utilized local resources
and included topics that are especially relevant to young girls in order to spur their
interest in STEM subjects. From 2020-2023, over 5100 students from eastern Africa
at over 40 school sites engaged with our lab kits, with 62% being girls.

WS2 was awarded their second APS Innovation Fund in 2025 to support another Lab
Kit Initiative, though this time with a focus on quantum topics. For more information
about WS2, please visit our website at ws2global.org.

WS2 is sponsored by the APS Innovation Fund, APS Forum on Education, Northwestern
University Materials Research Science and Engineering Center, and Northwestern
University Multicultural Student Affairs. WS2 is extremely grateful to the lab kit design
volunteers for their hard work and external consultants (SciBridge and Projekt Inspire)
for their advising. WS2 also thanks and acknowledges PhysicsQuest
(https://www.aps.org/initiatives/physics-education/physicsquest)  and ~ Quantum
Explorations Student Toolbox (QUEST) for example experiments that were used as
foundation for the lab kit content.

1.2, Key Vocabulary

e Atom: the smallest unit of an element that is still that element
e [lectron: negatively charged particle that forms “cloud” around atom's nucleus
e Nucleus: dense center of atom consisting of neutrons and protons
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1.3, Key Question

e What are the key features of the Rutherford model of the atom?

1.4, Purpose

The purpose of this lab kit manual is to enable students to understand atoms through
theory and demonstration. The manual introduces the students to atomic models.

2. Background on Main Topics
2.1, The Atom

The atom is the basic building block of matter, making up everything around us. Atoms
essentially are the smallest unit of an element (examples of elements are carbon,
nickel, aluminum, and hydrogen) that still is that element. Atoms are incredibly small
and cannot be seen with our naked eyes, but they are extremely important. Atoms
determine the way things function, from metal chairs we sit on to the air we breathe.
Beginning in the 1800s, scientists attempted to describe the atom. In 1808, John
Dalton proposed that atoms were solid spheres that are small and indivisible. J. J.
Thomson built on this model and in 1904 proposed the “plum pudding” model
described the atom as a sphere of positive charge with negatively embedded electrons,
like plums found inside pudding (similar to blueberries or other fruit pieces inside of a
cake or muffin), and these opposing charges equal each other. Electrons, which are
extremely light, play a key role in how chemical reactions occur and also are the carriers
that flow in electricity.

The concept of the atomic nucleus came about in 1911, when Ernest Rutherford
described atoms with a dense middle that contains positive charge, the so-called
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Figure 1. In the Rutherford model of the atom (left), the nucleus is a dense concentration of mass at the center of the atom and
there is a lot of empty space. In Bohr model of the atom (right), the electrons orbit the nucleus with orbits that are well-defined
sizes and energies. This Photo by Unknown Author is licensed under CC BY-SA-NC.

nucleus. Electrons then move about the nucleus and the atom consists of a lot of empty
space (Figure 1). Rutherford came up with this description after performing what
became famously known as the “gold foil experiment” (see Figure 2). Rutherford and
his team aimed particles at a thin gold sheet. Rutherford thought that these particles
would pass directly through the sheet. Mostly these particles passed through the sheet,
but occasionally, some bounced back. This was a remarkable finding, and led to
Rutherford’s famous quote, “It was almost as incredible as if you fired a 15-inch shell
at a piece of tissue paper and it came back and hit you.” This finding led Rutherford to
conclude that atoms have a dense nucleus where most of their mass is concentrated.
We now describe the nucleus as containing both protons, which are positively-charged
particles that define the identity of an element, and neutrons, which are particles with
no charge and have similar mass to protons. For comparison, protons and neutrons
are about 2000 times heavier than electrons.

Improvements to the mode of the atom concerned electrons. In 1913, Niels Bohr said
that electrons orbit the nucleus (like the way planets orbit the Sun), and the well-
defined orbits have specific sizes and energies (see Figure 1), but this was later
improved upon by Erwin Schrodinger in 1926 who said that electrons are really found
in clouds, or orbitals, around the nucleus which contains protons and neutrons. The
electron orbitals are areas that have a high probability of containing electrons. This
model of the atom, known as the quantum mechanical model, is how we still describe
atoms today.
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http://chem.libretexts.org/Core/Physical_and_Theoretical_Chemistry/Electronic_Structure_of_Atoms_and_Molecules/Bohr_Diagrams_of_Atoms_and_Ions
https://creativecommons.org/licenses/by-nc-sa/3.0/
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Figure 2. Gold foil experimental schematic. Most alpha particles passed through the gold foil, but a very small number are
deflected when they hit the dense nucleus. This Photo by Unknown Author is licensed under CC BY-SA-NC.

2.2.  Supplies List

Spherical-like candies of three colors (or compressed foil balls of three colors)
Toothpicks

Dark string (or pipe cleaners)

Paper

Marker

2.3. Safety Information

Before the students begin the laboratory, please take into consideration the following
safety concerns:

Students should not eat or taste items during experiments.
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https://wisc.pb.unizin.org/minimisgenchem/chapter/m2q2-rutherford-experiment/
https://creativecommons.org/licenses/by-nc-sa/3.0/

3. Experiments
3.1.  Part . Candy Atomic Models
3.1.1. Pre-Activity Questions

1. What particles are found at the center of the atom (nucleus)?

2. What particles surround the nucleus?

3. What are the key features of the Rutherford model of the atom?

3.1.2. Materials

e Spherical-like candies of three colors (or compressed foil/paper balls of three
colors) (at least 8 of each per group)

e Toothpicks

e Dark string (or pipe cleaners)
e Paper

e Marker

3.1.3. Procedure & Analysis (work in groups
of 2-4)

1. Sort out candies of different colors (or create balls of paper/foil that are three
different colors).

2. Select 8 candies each of two colors and use toothpicks to join them together in
a densely packed nucleus. Set this nucleus on a piece of paper.
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a. What do these two types of candies represent? Label this on the paper.

3. Use two lengths of dark string (or pipe cleaners) and make concentric circles
around the nucleus.
a. What do these circles represent? Label this on the paper.

4. Select 8 candies of the remaining color and place them on the concentric circles.
a. What do these candies represent? Label this on the paper.

5. Now, place 2 candies on the inner circle and 6 on the outer circle. This
represents how electrons fill the outermost orbitals in this element (the first level
contains 2 electrons and the second level contains 6 electrons, though it could
contain up to & electrons total). See Figure 3 for an example of the candy atom
model.
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Figure 3. Example of the candy atom model with the densely packed nucleus and the electron orbits.

3.1.4. Post-Activity Questions

1. What element did you model in this activity? Hint: to figure this out, count the
number of protons and then go to a periodic table (see Appendix) and find the
element that has this number of protons (it will be labelled with an eight!)
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2. Was this atom charged in this activity? Hint: to figure this out, count the number
of protons in your atom and count the number of electrons in your atom. Are
they the same? If so, the atom is neutral, which means it has no charge. If they
are different, the atom is charged.

a. Extension question: How could you imagine making this atom charged?

3. What are additional improvements that you could make to your model to more
realistically represent an atom? Consider the other atomic models that followed
Rutherford. Try these improvements out and record your observations.
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4. Extension Challenge

The Challenge: Create another atom of a different element

We have seen in the previous demonstration that the number of protons dictates the
element we have. Select another element on the periodic table in the first two rows
and try to model it with your candies! Some important points to remember: for this
model, the number of neutrons will equal the number of protons in your nucleus, a
neutral atom contains the same number of electrons and protons, and the first electron
orbital (circle) can contain 2 electrons and the second electron orbital (circle) can
contain 8 electrons.

4.1 Extension Questions

1. What atom did you choose to model?

2. How many protons and neutrons do you need?

3. How many electrons do you need? Where will they go in your two orbitals?
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4.2 Extension Sketch

Sketch the model of your atom and then try to create it with your candies!
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5. Sources

Atoms and atomic models:

https://medium.com/@Intlink.edu/a-timeline-of-atomic-models-cb2607b1da85

6. Appendix
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H For the most accurale values of hese and other consianis, visi physics.niskgoviconslants Laboratory Reference Data He
1 Hydrogen 1 second = 9 192 631 770 periods of radiation corresponding to the transition www.nist.gov/pml www.nist.gov/srd Heliu
1.008" between the two hyperfine levels of the ground state of *3Cs 4.002602
1s 2 speed of light in vacuum e 299792458 ms”' (exact) [] solids 13 14 15 16 17 18°
13.6984 1A Planck constant h 6626 07 x107™Js  (h=hi2m) [ Liquids 1A IVA VA VIA VIIA | 245874
=5 -
Sosep el mmeoe o Immd Home  [5 %[5 7[0S [ sl &
L B o ’ O Arti B C N | O F | N
2 1 € me 0510999 MeV Artificially e
ttiom | Beryllum oroton mass m 1672622 x 107 kg Prepared Boon | Cabon | Mirogen | Owmgen | Florie Neon
f-?z“ 9-“‘;";“}‘ fine-structure constant a 1/137.035 999 , ‘Z’;-“,; “fl-o,‘; 3 “;’2-"22’, "ff?:" "f};‘;g’;‘s 1’2-;5:7‘
528 1828 - s2s'2p | 1st2s’2p S22 | 15"z 572572 25729
53817 9.3227 Rydberg constant R, PR w 8.2980 112603 | 145341 | 136181 | 174228 | 21.5645
T 5,12 ', mp X EIniLn 13 %, |14 (15 ‘s, |16 %, [17 %P5, |18 'S,
3 Na Mg Boltzmann constant K 13806 x 107U K" Al Si P S Cl Ar
Sodium Magnesium Aluminum Silicon Phasphorus Sulfur Chlorine Argon
22.08976928|  24.305" 3 4 5 6 7/ 8 10 11 12 | 269815385 | 28085 |3007376200|  32.06° 35.45° 39.948
[Ne3s [NeJ3s® [Nelsssp | [Nelss3p® | [Nel3s™sp® | [Nelsssp' | [Nelds™3p® | [Nel3s’sp®
5.1301 7.6462 mBs VB vB VvIB ViIB vl 1B 1B 5.9858 81517 | 104867 | 103600 | 12.0676 | 15.7596
19 ’s,|20 's;|21 'D,|22 °F, |23 ‘|24 s,|25 ‘s.,(26 °0,|27 *r.,|28 °F, (29 5,30 s, |31 ‘P, |32 °F, |33 ‘s, (34 P, |35 (36 s,
= . o
3 K | Ca|S | Ti| V|C Mn| Fe | Co|Ni  Cu|Zn) | Ga|Ge | As | Se | Br
5 4| pomssum | Colom | Scandim | Thanum | Venadium | Chromum | Manganese | ron Cobalt Nickel Copper Zine Galum | Germanum | Arsenic | Selenum | Bromine
o 39.0083 40,078 44,955908 A7 86T E 15 51,9961 54.938044 55.5457 58,933194 55.5931 63,516 65.38 69.723 72.630 | 74.921595 73.9”} 79.904° B83.798
[Ads [Ards? [Adjagas® | [anadiast | (anadtast | [Adadds [Arfscss® | [Arad®4s’ [aad’es’ | (Anadtas’ wgaaas | radad™ast | janad"eslep |anad as%ap? |tanjaa astep® | 1anad Cas’ap” | [Adad stap® ((anaa"%asep®
4.3407 6.1132 8.5615 6.8281 6.7462 6.7665 7.4340 7.9025 7.8810 76389 7.7264 9.3842 5.8993 7.8984 9.7886 97524 11.8138 13.9986
37 ’5,38 '5,|39 0|40 °r,|41 ', |42 5|43 's., |44 . 45 |46 '5,|47 5,48 '5,|49 P, |50 7|51 ‘s, |52 7,53 P, |54 'S,
Sr | Y | Zr |[Nb |Mo | Tc |Ru |Rh |Pd |Ag | Cd | In | Sn | Sb | Te I | Xe
5| Ruvdium | Swomum | Ywum | Zeconim | Nobium | Molybderum | Technetum | Ruthenium | Reodiom | Pakeciom | Siber | Caomium | indum Tin Antimony | Tellurium lodine Xenon
854678 87.62 88.90584 91.224 92.90637 95.95 (98) 101.07 102.90550 106.42 |57.B’§32 112414 'H‘l.B“? 119.719 "2!.755 127.60 126.90447 131.293
[Kilss [Krjss” [Kridoss® | [Kiad'ss’ | [krldd'ss Kiitd®ss | [Kida'ss” | [kad’ss Kia'ss ikjed™ | [kii4d"ss | [krladss® | (K" 6s"5p |[Kr)ad""8s"6p” | [Krjaa6s 8p” | (kijed 658" | (krjed"5s "sp® |[Knjad' %8s 5p"
44771 56949 6.2173 | 66339 6.7580 7.0024 7.1194 7.3605 7.4589 ; 7.5762 5.9038 57864 73439 8.6084 80097 | 104513 | 12.4208
55 ’s,|56 'S, 72 7|73 r,. |74 °0.|75 's.,|76 °D,|77 ‘n..|78 °0,|79 s, |80 5,81 ;|82 |83 ‘s, |84 ', 85 ‘(86 'S,
Cs | Ba Hf | Ta | W | Re | Os | It | Pt |Au | Hg | TI | Pb | Bi | Po | At
6| cosim Barium Hafium | Tantalm | Tungsten | Rnenium | Osmium Iigum | Platinum Gold Mereury | Thalium Lead Bismuth | Polonum | Astatine Radon
132.9054520 137.327 178_49' 180.94788 183.84 186.207 N 190.23 192.217 195.084 196.966569 200.592 204.38" 2072 208.98040 (209) (210) (222)
[xeJes [xeles” [Xel41™6078s" | (xalaf “sas” | [xejersa'es’ | [xej4r*sa"es” | Xelei *sa%s" | [xejersa’ss’ | [xujai™5d%6s | xejar ‘50 s |Xapi5a " 8s]  [Hojep HyJ6p Hogn' [HgJ6o’ [Hgl6p” (Haen”
3.8930 52117 6.8251 7.5496 7.8640 7.8338 84382 8.9670 8.0588 90256 | 104375 | 6.1083 74167 7.2855 8.414 9.31751 | 10.7485
87 °s,.(88 s, 104 °r, (105 ‘F,,|106 107 108 109 110 1M1 112 13 114 115 16 117 118
;| Fr | Ra Rf Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn |Uut | Fl |Uup| Lv |Uus |Uuo
Francium Radium Dubnium [ Seaborgium |  Bohrium Hassium Meitnerium | Darmstadtium | Reerlgenium | Gopemicium | Ununtrium | Flerovium | Ununpentium | Livermorium | Ununseptium | Ununoctium
(223) (226) (267) (268) 271) (272) (270) (276) (281} {280) (285) (284) (289) (288) (293) (204) (204)
[Rnj7s [Raj7s® [Rnjsf*60%75” | [Rn)st" 60’ 7s” | [Rnjsr'6d*7s’| (Rnjsf™*6a°7s? | (Rnjsr t6d’7s
4.0721 52781 6.01 68 78 7.7 76
faric. G’“{m‘ﬂ‘“ 57 °n,|58 'c;|59 “i,|60 °1,|61 °Hy,(62 'F,|63 °s;.|64 °D;|65 ‘W, |66 L |67 °1,,|68 W69 °F,|70 's,(71 ‘D,
~ ' 2/ La | Ce | Pr |Nd |Pm | Sm | Eu |Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
] 58 Gy Lanthanum |  Cerium Neodymium | Promethium | Semarium | Europium | Gadolinium | Terbium | Dysprodium | Holmium Erbium Thaium | Yierbum | Lutetium
Y 138,90547 140,118 140,907 144.2‘12} (145) '\SU.:EA 151.964 157.25 158.92535 162.500 164,93033 167.259 168.93422 173.054 174,9668
Ce S| Tt | ppist | ponrest | poptss | o’ | poper’ | p | poprsoss | peirer | popiiest | post’ | st | pees | popet | po s
Name-_\,_, Cefium 5.5769 5.5386 5473 5.5250 5.582 5.8437 56704 6.1498 5.8638 5.9391 8.0215 6.1077 6.1843 82542 54259
Standard __|— 140,116 A 89 0,190 °F (91 k,,|92 °7|93 °L,,|94 F,|95 °s;,|96 °D;|97 °H;,|98 °,|99 “I},|100 °H,|101 °F;, (102 's,|103 ‘P;,
Atomic 2 N
.| [Xel4f5des () Ac | Th | Pa | U P/ Pu Am ([Cm | Bk | Cf | Es | Fm | Md | No | Lr
Weight / 5.5386-, £| acinum | Thoium | Protactinum | Urenium | Neptunum | Pltonum | Americum | Cuium | Bekelum | Celfornium | Einsteiium | Fermium |Mendelevium| Nobelum | Lawrencum
N < (227) ZEZ.UETZ 231.q3555 135.?2591 (2a7) (244) (243) (247) (247) (251) [25‘1) [251] (25‘57) (259) [1‘62!
Ground-state _lenization Rjears’ | Rnse’7s’ | (Risfso7s’ | (RmisfeaTs” | (Rosf'ed7s” | Rmisf7s’ | (Rojs7s’ | Rolsfears” | Ralst'rs | Rmst"7s’ | (Rolst'7s® | (Relsf7st | Rulst°Ts | (Ralst7s® |[Rnlst ‘7570
Configuration  Energy (eV) 53802 6.3067 589 6.1941 6.0258 55738 59914 61978 6.2817 6.3676 6.50 6.58 665 4.90
1 12 *JUPAC conventional atomic weights; standard atomic weights for these For a description of the data, visit physics.nist.gov/data
Based upon "“C. () indicates the mass number of the longestslived isotope,  elements are expressed in intervals; see iupac.org for an explanation and values, NIST SP 966 (September 2014)

This Photo by Unknown Author is licensed under CC BY-SA
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