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* Loyola is a private, comprehensive, liberal arts
university

* Physics department only teaches undergraduate
courses

* Traditional physics program. Physics majors go
to graduate school (mostly physics) or become
employed.

Context

* Number of physics majors is small.

* We considered ways of bringing students
outside of physics into physics courses. '

* Led to development of a biomedical physics
minor, administered by the physics departmerf
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* Comprised of seven courses. Most students take
the following:

* General Physics Il (intro, calc-based physics, Gen
Physics | is required also)

. . * Calculus |
B 1IOM ed |Cd | * At least one majors-level course in biology or
: chemistr
p hyS |CS Physics of medicine and the human body, i.e.
: biomechanics
minor Waves and the physics of medicine, i.e. diagnostic
and therapeutic methods in medicine
* Project or research course relevant to biomedical '
sciences

e STEM course that does not count towards the major/
(there is a list of approved courses)




e Students have had 0.5 - 3.5 years of physics.

* Traditional aspects

* Textbook(s) provides framework

* Homework problems

Teaching " ecture
approach

* Tests

* Not-traditional aspects

In-class activities. Supplement text with my own writeups.

* In a typical time slot (50-75 min), analysis may have to be
completed as homework.

e Reading. Large amount of factual info. Important for
synthesis with other courses and their own experiences '
about their bodies.

* Short project where they research a topic and present zy
PPT.

* Field trip P 4




Biomechanics



i Why Study Biomechanics?
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External Forces and Their Eflects on the Body
IET: ]

ter4 Work, Power, and Energy
Explaining the Causas of Motion Withe

* Students have already had mechanics in an intro physics course.
Need to learn how to apply knowledge to the human bodly.
e Students enjoy reading. Technical writing improves.



Linear kinematics

Velocity
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* Excel R

Usain Tyson
Bolt Gay
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* Analyze data

Speed (velocity)

 Compute displacement,
velocity, acceleration

0
1 10 189 191
bosition 2 20 288  2.92
- 3 30 378  3.83
4 40 464 470
£ 5 50 547 555
. 6 60 629 639
£ 7 70 7.10 7.20
Time seconds 8 80 792  8.02
9 90 875 886
10 100 958 971

100 m race: solid line — 100 m race: Usain Bolt

men; dashed line — women and Tyson Gay (2009)




MaxTraq or Vernier LoggerPro for video analysis




IPhone video

* Markers

* Vernier LoggerPro software
* Excel

* Good for remote learning




Dissection of chicken quarter

* Helps physics, CS, Eng, math majors understand what makes the body move. Bio
and chem majors may have done dissections online or on preserved animals,
never on raw meat.

* Rods, plates, ropes, hinges, pulleys

© Kriota Willberg, 2011


http://www.google.com/url?sa=i&rct=j&q=chicken+leg+dissection+for+anatomy&source=images&cd=&cad=rja&docid=uoiz7MxcnotasM&tbnid=LSxRfSapc3EoiM:&ved=0CAUQjRw&url=http://kriegerscience.wordpress.com/2010/10/24/how-to-dissect-a-chicken-leg/&ei=epoKUc_KE43oiQLH-oDoCQ&bvm=bv.41642243,d.cGE&psig=AFQjCNFBPYec7CNfB4d2YUQSfUz3s1JSaQ&ust=1359735794561521
http://www.google.com/url?sa=i&rct=j&q=chicken+leg+dissection+for+anatomy+vs.+human+leg&source=images&cd=&docid=K6SAkJhyGNYqkM&tbnid=EBBG1crH4q1_rM:&ved=0CAUQjRw&url=http://kriotawelt.blogspot.com/2012/03/comparative-anatomy.html&ei=tZ8KUaLbFsnViwKtzIDADQ&bvm=bv.41642243,d.cGE&psig=AFQjCNE-BeFM-nxBY4ad-4gn-xYyfUIlcA&ust=1359737064229753

Arm model

 Start with simple rods and right angle bend
at elbow

* Progress to more complex arm with bent
elbow. Investigate attachment point of

Denoyer-Gippert




Gastrocnemius (calf muscle) and foot model

 Compare arm and foot lever systems




Force and torque problems

* Deltoid, back, neck, head, jaw, etc.

* Tuszynski and Dixon, “Biomed. Appl. Intro Physics,” has a wealth of problems.

Erector spinae
muscles

Fifth wo,=0.12w  w="Total weight
~J/ lumbar (arms) of person
vertebra ws = 0.46 w




Work, energy, power, metabolic efficiency

* Measure CO, before and after aerobic exercise.

* Adapted from writeup by Gabriela Waschewsky




Jumping on a force plate

* Force, impulse, momentum, energy
e Graphing, integration
* Modeling
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Modeling: Soccer throw-in or launch of shot put

* Extension of projectile problem to include human body

* Modeling (Linthorne papers)

e Use Excel, Mathematica, Matlab or write code
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Fluid mechanics

* | prefer standard intro
physics textbook

* Hydrostatics and
hydrodynamics

e Examples of hydrostatics
* Blood pressure

* Intravenous bag
(before drip starts)

Vernier



Hydrodynamics

* Constant flow rate and continuity equation
* Inviscid fluids: Bernoulli’s principle

* Applications: velocity of blood flow in arteries and capillaries

Application — Vascular Flutter

* The artery is constricted
as a result of accumulated
plague on its inner walls Plaque

* To maintain a constant
flow rate, the blood must
travel faster than normal

* |f the speed is high
enough, the blood
pressure is low and the
artery may collapse

Artery




Poiseuille’s law
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* Viscous fluids and flow resistance

Q= " _R*AP where R = radius
Sul
* Applications
* Flows in needles

* Narrowing of blood vessels and
impact on blood pressure

* Regulation of blood flow during
exercise

Experiment mimicking IV bag and needle in arm



Other hydrodynamics effects

* Buoyancy

Lift force

* Drag: surface and form
* Vortex motion
 Turbulence

* Applications:
* Swimming
* Spinning baseball
* Golf ball
* Aneurysm

Streamlines



Heart as a pump

e Atrium, ventricle, aorta,
venous side of circulation

e Diseases of the heart

2013 Frantis




Lungs and alveoli

* Pressure in the lung

Laplace’s law (involves surface
tension) 4y

p=——
r

* Diseases of the lungs and alveoli

Adapted from writeups by Donaldson
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Diagnostic and therapeutic
techniques in medicine



2 Telescopes for inner space: Fiber optics and endoscopes
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PHYSICS IN
MODERN

MEDICINE

SECOND EDITION

2.2.1 How to see around corners 15
Reflecting and bending light 18
3 Why does light bend? The index of refraction 1
4  Optional: How lenses form images 213

5'-.'

ications in medicime:
Endoscopes and laparoscopes 33
2.3.1 Different types of endoscopes and

their I\'j’:ﬁ'uf construction 33

2.3.2 Some advantages and disadvantapes 42
2.3.3 Laparoscopic gallbladder removals 43
2.4 New and future directions 44
2.4.1 Robotic surgery and virtual

reality in the operating room 44

2.4.2  Telemedicine and military applications 46

4 Seeing with sound: Diagnostic ultrasound imaging
4.1 [Introduction 115
4.2  Sound waves 118
4.3  What is wltrasound? 121
4.4  Ultrasound and energy 124
4.5 How echoes are formed 125 i
4.6  How to produce ultrasound 129 ] - Volume |
4.7 Images from echoes 132 .
4.8  Ultrasound scanner design 139
4.9  Ultrasound is absorbed by the body 143




Geometric optics through lens combinations

 Human eye, eyeglasses, microscope

* Eye materials adapted from Modern Miracle Medical Machines

Eye too long

Focus in front
of retina

Distant
object

Greater
divergence



Fiber optics in medicine

* Basic physics: Acceptance angle and numerical aperture
* Laser coupling: needed for blasting stones
* |llumination and imaging in endoscopy

* Intermediate level developed by Lowe, Spiro and Donaldson

Vernier



Advanced apparatus on fiber optics

* Acceptance angle and coupling

* Developed with Spiro

ber input
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Silicon
photodetector

L,
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Mostly Thorlabs
Fiber—various sources

Interchangeable
coupling lens

Beam expander
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e Basic physics of reflection, transmission,
absorption, diffraction
e Paper-and-pencil exercises
* Calculate echo times.
* A scan and B scan = 2D image

CRL 6.561cm
GA 12w6d 71.8%

Amplitude Display (A - Mode) Brightness (B - Mode)

Transducer ||I |

Aorta - Muscle Spine.
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physics.doane.edu




e Basic ultrasound physics

e Electronic instrumentation, Matlab

* Array of steel pins --> measure signal and construct image

lowa Doppler Products Adapted from suggestions by Ron Vogel



Computed tomography (CT)

* Basic physics of X-rays

* Medical applications

* CT: how to create 2D image
* Back projection

e LabView simulation (Mylott
et al) Simulated CT Scanner.vi Front Panel *

File Edit View Project Operate Tools Window Help
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Nuclear physics

* | prefer to use the nuclear physics chapter
from a standard intro textbook

» Radioactive decay =
radiopharmaceuticals
The table that jolloiksGllais anents of the

* PET and gamma camera imaging decay rate of sample of 1, a radionuclide} often used

ll'lEl.'.IJEﬂJl‘r as a th
absorbed by the thy m]cl glﬂ.nd

Table from $andard text. Time R Time R
{rmin ) (counts's) (min} {counts’s)
4 3022 132 109
y  Half-Life 0 f 6 161.4 164 456
Parent > (¥) i (MeV)  (ppm) i3 5.5 196 1.86
100 26.8 218 1.0

447 % 10° 51.7 4

[1] A
141 x mg 1 427 13 Find the disintegration constant A and the half-life T, for
1.28 x 10 : 1.31 4 this radionuclide.




Positron emission tomography (PET)

* Gamma ray coincidence measurements

* Track and carts for time-of-flight
concepts

* PET software shows principles and
filtered back projection

* Instructional materials adapted from
Modern Miracle Medical Machines s e

Linear scan step size [mm

O Positron-emitting
radionuclide

N

LabView VI b
Jan Mulder

y - »
(511 keV) - (511 keV)

Intensity




Gamma camera imaging > SPECT

* Radiopharmaceutical is
concentrated in an organ.

Microprocessor

xy determination

* Image is composed of dots. Each
dot represents the position of a
gamma ray photon emitted
from human body.

Pulse height analysis
Sum _
Energy discrimination | == Display

I

Amplifier, pulse shaping,
ADC, coincidence

Collimator

Detection system

Electronics and microprocessor

Instructional materials
developed by Lowe and Spiro




Gamma camera: collimator

* Ray tracing
* Experiment with LEDs = image resolution

* More advanced
* Write ray tracing software (Behringer)
* Measure light intensity distributions and

Relative
Intensity

.= X
- I Collimator




Gamma camera: detection system

 Gamma ray photon is detected
with a scintillator crystal

* Array of PMTs enables 2D image
to be constructed.

e Excel

* Hospitals have SPECT systems,
capable of 3D imaging.

Silicon photodiode

Acrylic cylinders (PMTs)

Acrylic sheet (light guide)

Fluorescent red plastic
(scintillator crystal)

Green diode laser
(collimated gamma rays)

Wet paper
towel



Magnetic resonance imaging (MRI) N—

* Based on nuclear magnetic resonance.

Radio Patient
* PHET software. Good for understanding T
purpose of magnetic field gradient coils. )
* Instructional materials need to be - =

developed on how an image is formed
from rf signal.

F Help
Simplified MRI PLET
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Physics of medicine courses at Loyola
* Topics in biomechanics and fluid mechanics

» Diagnostic and therapeutic techniques in
medicine

In this talk, | have focused on activities in our
S umma ry courses. Lecture, traditional homework problems
and reading are also essential for learning.

Suitable for STEM majors

Intro to advanced levels of physics

mlowe@loyola.edu







Presentation on Jan 7 at 3:30 pm. Session A3.
Biophysics in the 215t Century Curriculum |, moderator: Mariel Meier/Bob Hilborn
Abstract ID 3821

Administered by the physics department, a biomedical physics
minor was implemented at Loyola University Maryland. Two
courses were developed: one on sport and biomechanics, and
the other on therapeutic and diagnostic techniques in
medicine. While most of the materials are at the intermediate-
level, appropriate for students majoring in various STEM
disciplines, the materials can be adapted for introductory and
advanced levels. Lectures, reading, and problem sets are
enriched with experimentation, demonstrations, paper-and-
pencil, and computer activities. This talk will survey many of
the course topics and how we have introduced modeling in the
courses. Examples include fiber optics in medicine, computed
tomography, positron emission tomography, and gamma
camera imaging. For biomechanics, examples will be drawn
from a dissection, metabolic efficiency, biomechanics of the
arm, leg, and back, analysis of simple motions in sports, and
the heart as a pump.
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