velopment ana kerinement ol

Resonance Imaglng and CT Scans
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Kansas State University
Physics Education Research

-Q__fzf Supported by the National Science Foundation DUE 04-26754


http://www.nsf.gov/

* CT activity




medical applications

e Activities typically incorporate both a hands-
on activity and a computer-based visualization




Magnetic Resonance Imaging (MRI)

X-rays and Computed Tomography (CT) Scans

Alexander Graham Bell’s Experiment

KPER http://web.phys.ksu.edu/mmmm




* CT activity




* First draft of worksheet
— Use knowledge of research base
— Use experience

— Have other experienced researchers/teachers
read through materials

* Testing and refinement




* Compass => Atoms
* Electromagnetic Field => Electromagnetic Wave
* Field from Magnet/Earth => Fields from Magnets

K.




) Simplified MRI (1.07)
File Help

| Simplified MRI (1.07)
File Help
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http://phet.colorado.edu/en/simulation/mri



http://phet.colorado.edu/en/simulation/mri

— Understand magnetism and electromagnetism
* Field due to a bar magnet
* Field due to a wire
» Effect of a magnetic field on compass orientation

— Understand resonance

* Dependence of frequency on physical parameters of
the oscillator, external field and initial amplitude

K.



3. MRI Magnets
4. Resonance
5. NMR

6. MRI

/. Summary

...
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* A. B. Arons, A Guide to Introductory Physics
Teaching, (John Wiley and Sons, 1990)

— Advice on how to teach Oersted’s experiment

L. C. McDermott et al., Tutorials in Introductory
Physics, (Prentice Hall, 1998)

— Research-based curriculum for teaching the basics of
magnetism

K.
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— Have them work through what it means to be
resonant

e Students have not experienced the novel
resonant system in our hands-on activity

— Have them start with a (more) familiar system —
the pendulum




— Have them measure for mass and length.
— Add an anchor point.

e Students tend to miss the frequency
dependence on gravity

 Now address the novel resonant system




e V3: tested with graduate students
— All the materials

e V4: tested with undergraduate students

— As far as possible in 1-hour (typically to
resonance)

 \V5: tested with REU students
— All the materials




requency
— Hard to measure accurately
— Easy to compare the motion of two compasses

— Focus on the measurement distracted from what
was actually happening

* Modification: added “by eye” to the
Instructions




changing when the strength of the magnetic
field was adjusted.

 Modification: moved a question on this to an
earlier point in the activity




*Add Tumor” button right. Can
person’s head that contains the tumor to resonate> How?

2in your own words, explain what you have leamed sbout MR and how the image is formed.

+ g the table below, you are given three main magnet strengths. Using the visuaization,
determine whatis beusedto
make the atoms at the top {and bottom) of the head resonate.

of Person’s Head | Main Magnet(n)
119

Top

V5

20

* Ngwunciick “Shaw atamic nudei” and then dick the “Add Tumar™ buttan on the lower right.

The part of the head with the tumor will behave differently than the parts without the tumor. But,
because you can no longer see the stemic nucle, you. fike a real doctor, can anly we the emission from
the MRI processte determine whert in the head the tumaris

#Dzszribe the pracess you will use 5 try ta find the fumsr.

#7 Did yau find the tumar? H 23, in which quadrant af the head i the rumar lacaed?

F nat, try seting the frequency and adjusting first the main magnet and the vertial gradient fiekd,
kee=ping the harizntsl gradient figkd st zers. Thisalows youts scn the hesd from top £ botta:
Then, repestthe prazesscanning from sde-to-side by sdjustng the main magnet and the harasntsl
gradient field with the vertical gradient field at z2r0.

#7 Bfter you have made your bast swempt 2 find the tumsr, peefick “Shaw stamis nuslei”
Wiers you carmect?

Exrfier you learmed that thers is 2 range of magnetic field strengths cver which the atams wil
resonate fora given frequency. As areminder, f the frequency isset to 42.5 MHz, then the stoms wil

bzt ission fram th ini lizwed youts demrmin the
tumor's kocatian?

i yaur 2wm words, axplsin how  dattr san determine the lscation of 2 tumsr within 3
persen’s bady using magnet resanance imazing techiques.

R 21

V6

18



Added Portion
* Anchor — reminds students of something

they already learned in the activity

* Ngwunciick “Shaw atamic nudei” and then dick the “Add Tumar™ buttan on the lower right.

The part of the head with the tumor will behave differently than the parts without the tumor. But,
because you can no longer see the stemic nucle, you. fike a real doctor, can anly we the emission from
the MRI processte determine whert in the head the tumaris

#Dzszribe the pracess you will use 5 try ta find the fumsr.

#7 Did yau find the tumar? H 23, in which quadrant af the head i the rumar lacaed?

F nat, try seting the frequency and adjusting first the main magnet and the vertial gradient fiekd,
keezping the harizntsl gradient fisld st zera. Thisallows youts scan the hesd from top 2 bottom.
Then, repestthe prazesscanning from sde-to-side by sdjustng the main magnet and the harasntsl

gradient field with the vertical gradient field =t zera.

#7 Bfter you have made your bast swempt 2 find the tumsr, peefick “Shaw stamis nuslei”
Wiers you carmect?

bzt ission fram th ini lizwed youts demrmin the
tumor's kocatian?

i yaur 2wm words, axplsin how  dattr san determine the lscation of 2 tumsr within 3
persen’s body using magnetic resonance imazing techniques

V6 19




Removed Portion
* Multiple “measurements” within the
visualization
* Time consuming



Removed Portion
* Focus on making only area with the
tumor resonate
* Students could see the tumor

21




Added Portion
* Tumor is now hidden

e Students describe the process
 Students look for tumor on own first

* Describe process for finding the tumor

22




Original Final Thought
* “In your own words, explain what you
have learned about MRI and how the
image is formed”

25




Reworded Final Thought
* “In your own words, explain how a
doctor can determine the location of a
tumor within a person’s body using
magnetic resonance Imaging
techniques?”

MR 20
* Ngwunciick “Shaw atamic nudei” and then dick the “Add Tumar™

non the lower right.

from

s

The part of the head with the tumor will behave differently than
because you can no longer se the atamic nuclei. you, fike a real doctor,
the MR praceszts determing where n the head the tumar i

#Desribe the pracessyou willuse &ty to find the tumr,
#7 Did you find the tumar? I 52, in which quadrant of the he.

W nat, try setting the frequency and adjusting first the main magn:
ke=ping the harzsntal sradient fiei st zers. This sllows youts 30m
Then, repeatne prores scanring fram sde-to-side By adjusng the
igradient field with the vertical gradient field at 220,

% fter you nave mad your best smemgt 1o find the tu
Wiere you cormect?

> Vinar ixsion fram th i Sl youts demermine the
tumar’s locatian®

#n yaur s words, expliin howa dactor can determin the
parson’s bady using maznetic resanance imaging techmigues

vt
he pars witl
- an anly.
2d isthe rmar
et and the ve rical gr e
the hesd frer
main maznet
o, gecick S
iscation of

26

Exrfier you learmed that thers is 2 range of magnetic field strengths cver which the atams wil
resonate fora given frequency. As areminder, f the frequency isset to 42.5 MHz, then the stoms wil




e 22 students in 8 self-selected groups

e Submitted to PERC.




e Students had difficulty measuring the
compass’s oscillation frequency

28



frequency.

— Help see the link between the hands-on activity
and the visualization.

 Modifications will include:
— Additional scaffolding.
— Rewording/rephrasing of questions.




CT activity

30



e Visualization written

* New hands-on activity has been developed

e Need to write and test the worksheets
combining these elements.

K.
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CT-Bild

Bild: unkenannt Darstellung: jeder Schritt ohne Yerlauf Drehwinkel: 2 Grad Fitter: kein Fitter ohne Fattung

Program written by Monica Ring Muthsam, 1999 32




.......
e
-

Pictures from Kalita (2008)

* Legos and detector are expensive

 Measurements were dependent on relative
positions of laser, Lego, and detector

— Time of manufacture of Legos determines optical
properties




* Laser => X-ray source
* Solar cell => X-ray detector
e Filter => Tumor

KP This hands-on activity is on display at the apparatus
ER competition in the Grand Parlor B/C at the Hilton. 4




This hands-on activity is on display at the apparatus

competition in the Grand Parlor B/C at the Hilton.
35




EIRAINFAOUE RS

— Begin with hands-on activity
— Use of experience and research as basis of activity
— Further testing to refine

 Knowledge and experience are not enough!

— Always room for improvement!




e Members of KSUPER
 Munich PER group
 National Science Foundation

* http://web.phys.ksu.edu/mmmm/




