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      Expo Station 

 
Imagine Imaging  
Participants slide a magnetic probe across a flat flexible magnet to discover a pattern 
within the magnetic field. While the rows of bumps are undetectable using the senses of 
sight and touch, the pushes and pulls of the probe across the magnet are quite noticeable. 
Participants use this feature to align puzzle pieces within the magnet and compare their 
experience to scanning probe microscopy. 
 
Ages 

8-18 
 
Activity Time 
Preparation: 5 minutes 
Activity: 5-8 minutes 
 
Group Size 
Number of participants:  
1 person per magnet  
 
Ratio of facilitators to participants:  
1 facilitator for every 4 participants 
 
Concepts to Explore 

• Flat flexible refrigerator magnets are made of ferrite crystals sealed in plastic. The 
ferrite crystals are arranged to create a magnetic field that is strong on one side of 
the magnet and weak on the other side. 

• While the surface of the magnet feels smooth, the arrangement of the ferrite 
crystals can be detected with another flat flexible magnet or a magnetic field viewer.  

• Scientists and engineers invent and use tools to observe things beyond what our 
senses can see, hear, and feel.  

• Scanning probe microscopy (SPM) allows people to observe the arrangement of 
atoms at the surface of a solid at the nanoscale level. 
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Safety Requirements & Other Considerations 
• Safety glasses are appropriate for this activity. 
• Keep magnets away from electronics and data storage devices. 

 
Question to Investigate 
Can you align the three chemoji faces within the puzzle using only the magnetic probe?  
Can you figure out which direction the bumps are arranged in each flat flexible magnet?  
 
Materials Required 
Per participant 

• One custom ACS Imagine Imaging magnet or at least two flat flexible refrigerator 
magnets 
How to acquire an ACS Imagine Imaging magnet: 

o ACS store at www.store.acs.org, ACS member price is $9.00 for 10 magnets 
o Registered Program in Box sites will receive 10 free magnets 
o Registered Local Section NCW Coordinators receive 10 free magnets 

• Several flat flexible magnets used to promote an organization, product, or service 
from a home refrigerator. 

• Images of AFM renderings 
 
Per table 

• Super magnetic field viewer with colors indicating strength in Gauss 
• Graph paper or striped, gingham, or grid (reusable vinyl or cotton/poly) tablecloth 
 

Preparation Prior to Activity 

Prepare Materials 
• Test your magnets ahead of time. Flat flexible refrigerator magnets will vary in how 

well they work. This may be due to, the size of the units in the Halbach array, or 
degradation of the magnetic field. Most magnets are printed either horizontally or 
vertically. Note that some shapes are printed at a diagonal or other orientation to 
reduce waste when printing multiple images on a large flat flexible magnet sheet. 
 

On-Site 
• Arrange three or four stations across the front of a 6- or 8-foot rectangular table. 
• Place one Imagine Imaging magnet or a few rectangular flat flexible magnets at each 

station.  
• Place the magnetic field viewer near the facilitator(s). 

  

http://www.acs.org/outreachactivities
http://www.store.acs.org/
https://www.amazon.com/Magnetic-Detector-Scientific-Teaching-Automatic/dp/B098MMNK52/ref=asc_df_B0952FJWNZ/?tag=hyprod-20&linkCode=df0&hvadid=693270340461&hvpos=&hvnetw=g&hvrand=10799423544404306222&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9008142&hvtargid=pla-1502016339016&mcid=ed9f3f9f633a3b7c96c4f944284c13b1&gad_source=1&th=1
https://www.amazon.com/Mr-Squares-Sheets-Graphing-Square/dp/B0949PQZVM?source=ps-sl-shoppingads-lpcontext&ref_=fplfs&smid=A1DHK9MBP3H19C&th=1
https://www.amazon.com/JZY-Kitchen-Wipeable-Tablecloth-Rectangle/dp/B07PNW299J/ref=sr_1_1_sspa?crid=FWJDYTEHTB2Q&dib=eyJ2IjoiMSJ9.A3zCz6BNe4W2BR39lPhxnqXBe5Wz4s1wP2sLRZspW1b8eWXXQHC8S32uys-q4DDdfV9VQOdi3MePS4pMEkUXV3CzGDhTm1ZNNiNkruTOJnIC1ean96hU-2lL_GBLPmkHKg_Azfg0ATOsE25RmhB5lm2Ft_zR7LYb6dmRCn5Hr3g3CRxLOzvUW4RYpO9BWjlxRLS8_8p74dXTgUiMa_73CL1rfyBs_wZNBftm2f_fHMa6t5v3B-MmWukG_2auWbY_vp4czSUe1eSdnoTWD-_ZH6YzMuGsvUeHD8kAP6vaqAM.JIj75ck3TREyFnhnXgdwPNeYZJHCepMa9mBS29sqETQ&dib_tag=se&keywords=striped%2Btablecloth%2Bplastic&qid=1718380707&s=home-garden&sprefix=striped%2Btablecloth%2Bplastic%2Cgarden%2C84&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/gp/product/B0CHXJH2TC/ref=ewc_pr_img_1?smid=A33LTF47UMK0NF&th=1
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Instructions & Talking Points 

Facilitate the activity 
Step  Instructions Talking Points 
Introduce flat flexible 
magnets 

Tell participants:  
• Flat flexible refrigerator 

magnets stick to each 
other or to steel. The 
sticker side does not 
stick to steel. Let’s 
explore another 
interesting property of 
flat flexible magnets. 

• Do you have any flat 
flexible magnets at 
home?   

• Are these magnets 
broken on one side?  
No. They are made this 
way on purpose! 
 

Have participants feel the 
magnet with their fingers 
first and then with the 
magnetic probe 

Direct participants to:  
• Flip this magnet over.  
• Slide your fingers across 

the magnet-side of both 
the flat magnet and the 
magnetic probe.  

• Slide your hand from top 
to bottom across both 
magnets. 

• Next, slide the magnetic 
probe across the 
magnet left-to-right and 
right-to-left.  

• Slide the magnetic 
probe from top-to-
bottom and bottom-to-
top. 

• Is the surface of the 
magnet smooth or 
rough?  
Smooth 

• What do you notice 
when you slide the 
magnetic probe across 
the magnet? 
It feels like there are 
bumps only if you swipe 
across, not in any other 
direction.  

• The bumps are kind of 
like speed bumps that 
go across a road. What 
direction do you think 
the “speed bumps” are 
going compared to the 
lines on the tablecloth. 

Place the magnetic field 
viewer on the puzzle to 
reveal the pattern and 
direction 

Tell participants: 
• You correctly observed 

the parallel lines before 
you saw them. You used 
the magnetic probe to 
figure out something 
that your senses of 
sight, hearing, and 
touch could not notice. 

• How does seeing the 
magnetic field make you 
feel? 

http://www.acs.org/outreachactivities


 

©2024 American Chemical Society                                                                                                                 4 | P a g e  
Find more activities at www.acs.org/outreachactivities                                                            Imagine Imaging 

Place the puzzle and 
pieces face-down mix 
them up and solve the 
puzzle 
 
 
 
 
 
 
 
 

Direct participants to:  
• Place the magnet 

face down and pop 
out the pieces so 
that they are also 
face down.  

• Mix up the pieces.  
• Try doing the puzzle 

face-down.  
• Then flip it over to 

see how they did.  
Help participants realize 
that the heart will fit only 
one way, but the triangle 
will fit three ways and that 
the pentagon will fit five 
ways. Only one is right! 

• Are the chemoiji lined 
up correctly? 
Maybe 

• What is the problem 
with the triangle and 
pentagon? 
While the heart can only 
fit one way, the triangle 
can fit in its space three 
different ways and the 
pentagon can fit five 
different ways. 

• Do you think that the 
magnetic probe will 
help? 

• Yes! 

Use the magnetic probe to 
feel the direction of each 
piece to help complete 
the puzzle correctly 

Direct participants to:  
• Try doing the puzzle 

face-down using the 
magnetic probe. 

• Slide the probe L-R 
or R-L across the 
heart and from T-B or 
B-T 

• Slide the probe 
parallel to each flat 
edge of the triangle 
and pentagon to find 
the direction with the 
“speed bumps.” 

• Can you correctly place 
the three pieces in the 
puzzle while everything 
is face-down?  
 

Place the magnetic field 
viewer on the puzzle to 
check the direction of the 
magnetic field on the 
pieces.  

• Allow participants to try 
again on pieces that 
might be misaligned.   

• In the end, confirm that 
the pieces are aligned 
with the magnetic field 
viewer.  

• Do you think that the 
pieces are aligned with 
the rest of the magnet? 

http://www.acs.org/outreachactivities
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Flip the puzzle over to 
check on the chemoji 

• Use the magnetic field 
viewer to help flip the 
puzzle over.  

• When participants see 
that the chemoji are 
aligned, they will feel 
successful.  

• Confirm that they used 
the magnetic probe to 
detect a pattern in the 
magnetic field that 
normally cannot be 
seen!  
 

• How does seeing the 
magnetic field make you 
feel? 

• How did you know which 
direction to place each 
of the pieces? 
 

Compare the experience 
with the magnet to SPM 

Tell participants:  
• When scientists can’t 

observe properties with 
their senses of sight, 
hearing, and touch, they 
invent tools to help 
them make their 
observations. 

 

 
Clean Up 

• Reset for more participants by placing one completed puzzle at each station. Return 
the magnetic field viewer to the facilitator.  

• At the end of the session, collect the completed magnets and magnetic field viewers 
and place in a box.  

• Fold and reuse the striped tablecloth or put away the graph paper for future science or 
math activities.   

 

  

http://www.acs.org/outreachactivities
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Explore the Chemistry 
How are refrigerator magnets made? 
To make a sheet of flat flexible magnet, manufacturers heat ferrite and plastic until the 
plastic melts. They mix them together well and then pour the mixture into a thin layer. While 
still wet, they bring a strong magnet close to the sheet. This magnetizes the ferrite crystals 
and moves them into a particular arrangement called a Halbach array. As the plastic cools, 
it locks the ferrite crystals in place.  

 

Why doesn’t the sticker side stick to steel? 
The Halbach array arranges magnetic north in in a pattern (left-up-right-down) so the 
magnetic field is strengthened on one side and cancelled out on the other. This is why flat 
flexible refrigerator magnets will not stick to steel or each other on the sticker side.  It also 
means that manufacturers can use less ferrite to get a magnetic field that is strong enough 
to stick to steel, even with a couple of sheets of paper in between. The first Halbach array 
was designed to focus the beams of a particle accelerator.  

Visually, one shape can fit only one way, another can fit three ways, and the third can fit five 
different ways. Using another magnet as a probe, participants can use their senses of 
touch and hearing to recognize a pattern in the magnetic field. When participants flip the 
puzzle over, they will see the complete image!  

 

How do scanning probe microscopes work? 
Scanning probe microscopy (SPM) allows people to observe atoms at the surface of a solid 
at the nanoscale level.  It was originally invented to see the atoms in a sheet of silicon. 
Optical microscopes require light. Because silicon atoms are smaller than the smallest 
wavelength of visible light, the inventors had to discover a different way to detect atoms. 
They invented a type of SPM now called the scanning tunnelling microscope (STM) in 1981 
and were awarded with the Nobel Prize in 1986 for their invention.  
 
The tip of the probe of a SPM is so sharp that it is just one single atom thick. A lever holding 
the probe moves in response to the electron cloud surrounding each atom at the surface of 
the sample. Changes in the electron field of the atom on the probe are measured. The data 
collected is used to determine coordinates which appear as an image on a computer 
screen.  
 
This is how scientists and engineers can visualize how atoms within molecules or ionic 
compounds are arranged at the surface of a sample. SPMs allow scientists and engineers 
to do research into electronics, materials science, microbiology, and data storage.                                     

http://www.acs.org/outreachactivities
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• Atomic Force Microscopy featuring Dr. Jennifer MacLeod, 
https://www.youtube.com/watch?v=jRAqhFdwt20  
 

• The Microscope that can Actually See Atoms, SciShow 
https://www.youtube.com/watch?v=S-M7JjYClTY 
 

• Why do refrigerator magnets only stick on one side? Michael Graham’s Engineer Dog 
blog 
https://engineerdog.com/2015/03/12/why-do-refrigerator-magnets-only-stick-on-
one-side/ 
 

 

 

 

Your magnetic field viewer may 
come with a card that 
interprets the colors seen on 
the magnetic field viewer as a 
range of gauss to approximate 
the strength of the magnetic 
field. 

http://www.acs.org/outreachactivities
https://www.youtube.com/watch?v=jRAqhFdwt20
https://www.youtube.com/watch?v=S-M7JjYClTY
https://engineerdog.com/2015/03/12/why-do-refrigerator-magnets-only-stick-on-one-side/
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