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What happens in the lab...

OAPT conference, May 13th

First lab:
The Vitruvian Man
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Why is Physics relevant to 
life sciences?

 Physics saves lives... 

 “The principles of physics are central to 
the understanding of biological processes, 
and increasingly important in sophisticated 
measurements in biology” 

Bio2010: Transforming Undergraduate Education for Future 
Research Biologists, http://www.nap.edu/catalog/1047.html
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Physics-Phobia

OAPT conference, May 13th

 Students are afraid 
of Physics

 They do not see the 
connection between 
Physics and their own 
discipline

http://talklikeaphysicist.com/
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As a result...

OAPT conference, May 13th

 Students experience 
high levels of anxiety

 Students are not 
engaged during class

 Students do not 
learn well

How should we teach physics to 
non-physicists?
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Goals

OAPT conference, May 13th

 Method: 

1. Make our labs inquiry-based 

2. Make the topic of the labs relevant 
for Life/Medical Science students 

 Imperial Oil grant: 65k$ over two years 
to change labs in our course “Modern 
Physics for Life Scientists” (Physics 1BB3).
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Why inquiry-based labs?

OAPT conference, May 13th

 “Cookbook” style labs: 
students just follow a recipe

➜ Repeatedly shown to be 
counter-productive

 Inquiry: students engage in the same 
activities and thinking processes as scientists.

➜ Shown to promote more positive attitude 
and better learning.
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Anecdotal evidence

OAPT conference, May 13th

Richard Aldrich, 
President of the 
Biophysical Society
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Harvey Mudd 
Interdisciplinary labs

 Designed to illustrate the commonality of 
investigative methods in Biology, Chemistry, and 
Physics

 Two key aspects: 

- Students participate in the formulation of 
scientific questions and in experimental design 

- Lab followed by a tutorial to further interpret 
results obtained by each group in light of those 
obtained by other groups.
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Common	
  features	
  of	
  all	
  the	
  labs
• Students:
-­‐ Form	
  a	
  well	
  posed	
  and	
  falsifiable	
  hypothesis
-­‐ Design	
  a	
  laboratory	
  protocol,	
  make	
  and	
  record	
  
measurements

-­‐ Propagate	
  and	
  combine	
  errors
-­‐ Perform	
  data	
  analysis	
  in	
  a	
  computer	
  lab
-­‐ Write	
  scien@fic	
  lab	
  reports

• Wrap-­‐up	
  session	
  (feedback;	
  reinforcement;	
  puts	
  
their	
  measurement	
  in	
  context;	
  interac@on	
  with	
  TAs/
instructor;	
  cover	
  more	
  ground)

OAPT	
  conference,	
  May	
  13th11
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Evalua<on

OAPT	
  conference,	
  May	
  13th

• Lab	
  weight:	
  15%	
  -­‐
>20%-­‐>	
  30%

• Higher	
  quality	
  
standards	
  for	
  lab	
  
reports

• Rubric	
  to	
  specify	
  
expecta<ons	
  and	
  
standardize	
  marking

• Only	
  4	
  labs
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OAPT	
  conference,	
  May	
  13th13

Laboratory	
  experiments

Four	
  new	
  labs:

1.	
  The	
  Vitruvian	
  man

2.Moment	
  of	
  iner@a	
  of	
  dinosaurs

3.	
  The	
  electrocardiogram

4.Magnetotac@c	
  bacteria
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Expt.	
  1:	
  Vitruvian	
  Man
• the	
  length	
  of	
  a	
  man's	
  arm	
  span	
  is	
  equal	
  to	
  his	
  height
• the	
  distance	
  from	
  the	
  hairline	
  to	
  the	
  boRom	
  of	
  the	
  chin	
  is	
  one-­‐tenth	
  of	
  a	
  
man's	
  height

• the	
  distance	
  from	
  the	
  top	
  of	
  the	
  head	
  to	
  the	
  boRom	
  of	
  the	
  chin	
  is	
  one-­‐eighth	
  
of	
  a	
  man's	
  height

• the	
  distance	
  from	
  the	
  boRom	
  of	
  the	
  neck	
  to	
  the	
  hairline	
  is	
  one-­‐sixth	
  of	
  a	
  
man's	
  height

• the	
  distance	
  from	
  the	
  middle	
  of	
  the	
  chest	
  to	
  the	
  top	
  of	
  the	
  head	
  is	
  a	
  quarter	
  
of	
  a	
  man's	
  height	
  

• the	
  distance	
  from	
  the	
  elbow	
  to	
  the	
  <p	
  of	
  the	
  hand	
  is	
  a	
  quarter	
  of	
  a	
  man's	
  
height	
  

• the	
  distance	
  from	
  the	
  elbow	
  to	
  the	
  armpit	
  is	
  one-­‐eighth	
  of	
  a	
  man's	
  height	
  
• the	
  length	
  of	
  the	
  hand	
  is	
  one-­‐tenth	
  of	
  a	
  man's	
  height
• the	
  distance	
  from	
  the	
  boRom	
  of	
  the	
  chin	
  to	
  the	
  nose	
  is	
  one-­‐third	
  of	
  the	
  
length	
  of	
  the	
  head

• the	
  distance	
  from	
  the	
  hairline	
  to	
  the	
  eyebrows	
  is	
  one-­‐third	
  of	
  the	
  length	
  of	
  
the	
  face

• the	
  length	
  of	
  the	
  ear	
  is	
  one-­‐third	
  of	
  the	
  length	
  of	
  the	
  face
• the	
  length	
  of	
  a	
  man's	
  foot	
  is	
  one-­‐sixth	
  of	
  his	
  height

OAPT	
  conference,	
  May	
  13th
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Experiment	
  1:	
  Vitruvian	
  Man

• Breaks	
  the	
  ice

• Simple	
  seVng	
  –	
  not	
  “blinded”	
  by	
  equipment

• First	
  <me	
  many	
  have	
  used	
  a	
  computer	
  to	
  analyze	
  data	
  (we	
  
use	
  Microso\	
  Excel)

OAPT	
  conference,	
  May	
  13th
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Expt.	
  2:	
  Rota<ng	
  Dinosaurs

• Moment	
  of	
  iner+a	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  
e.g.	
  rota<onal	
  kine<c	
  energy

Biological	
  relevance:

• Biomechanics

• Ex<nc<on	
  of	
  dinosaurs

Carrier,	
  D.	
  R.,	
  Walter,	
  R.	
  M.	
  and	
  Lee,	
  D.	
  V.,	
  Influence	
  of	
  rota<onal	
  iner<a	
  on	
  turning	
  
performance	
  of	
  theropod	
  dinosaurs:	
  clues	
  from	
  humans	
  with	
  increased	
  rota<onal	
  iner<a,	
  J.	
  
Exp.	
  Biol.	
  204,	
  3917-­‐3926,	
  2001	
   OAPT	
  conference,	
  May	
  13th
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Expt	
  2:	
  rota<ng	
  dinosaurs

• Constant	
  driving	
  force	
  F=Mg	
  applies	
  constant	
  torque	
  to	
  
plaform+sha\+dinosaur,	
  giving	
  a	
  constant	
  accelera<on

• Measure	
  +me	
  driving	
  mass	
  takes	
  to	
  fall	
  a	
  certain	
  distance
• Calculate	
  final	
  velocity	
  v	
  using	
  constant	
  accelera<on	
  formulae
• Calculate	
  final	
  angular	
  velocity	
  ω=v/r
• Calculate	
  moment	
  of	
  iner<a	
  from	
  	
  	
  	
  Mv2/2+	
  Iω2/2=Mgh

Measuring	
  moment	
  of	
  iner+a:

Examples	
  of	
  hypotheses:
• If	
  you	
  change	
  your	
  shape	
  (e.g.	
  fold	
  tail)	
  you	
  change	
  your	
  moment	
  of	
  iner<a
• Mass	
  distribu<on	
  of	
  dinosaur	
  is	
  (approximately)	
  that	
  of	
  a	
  spherical	
  shell
• Moment	
  of	
  iner<a	
  is	
  independent	
  of	
  where	
  dinosaur	
  is	
  placed	
  on	
  plaform	
  (disagrees	
  
with	
  parallel	
  axis	
  theorem)

• Big	
  T-­‐Rexs	
  are	
  more	
  massive	
  than	
  small	
  diplodocuses,	
  and	
  so	
  have	
  a	
  larger	
  moment	
  of	
  
iner<a	
  

OAPT	
  conference,	
  May	
  13th
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Expt	
  3:	
  Electrocardiagram	
  

• Electric	
  poten<als
• Electric	
  dipole

Biological	
  relevance
• Many	
  cells	
  maintain	
  a	
  poten<al	
  difference	
  from	
  their	
  surroundings	
  to	
  
control	
  diffusion	
  of	
  ions	
  (Ca+,	
  Mg+	
  etc.)	
  in	
  and	
  out	
  of	
  cell

• Signal	
  propaga<on	
  along	
  nerve	
  cells	
  is	
  driven	
  by	
  a	
  wave	
  of	
  
depolariza<on

• Muscle	
  cell	
  contrac<on,	
  including	
  that	
  of	
  the	
  heart,	
  is	
  driven	
  by	
  a	
  wave	
  
of	
  depolariza<on

EKG signal represents the 
difference in electric 
potential between left and 
right arm

Wave	
  of	
  cell	
  depolariza<on

Dipole	
  moment	
  of	
  heart

OAPT	
  conference,	
  May	
  13th
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Expt	
  3:	
  electrocardiagram	
  (EKG)

Pasco	
  EKG	
  device

• Place	
  ground	
  (black	
  lead)	
  on	
  wrist
• Remaining	
  two	
  electrodes	
  (green	
  and	
  red)	
  can	
  be	
  affixed	
  so	
  as	
  to	
  
measure	
  poten<al	
  difference	
  between	
  any	
  two	
  parts	
  of	
  body

Examples	
  of	
  Hypotheses:

• Amplitude	
  of	
  signal	
  is	
  uniformly	
  smaller	
  if	
  electrodes	
  are	
  placed	
  ver<cally	
  (e.g.	
  head	
  
to	
  foot)	
  rather	
  than	
  horizontally	
  (e.g.	
  arm	
  to	
  arm)

• Different	
  orienta<ons	
  emphasize	
  different	
  parts	
  of	
  the	
  signal
• Signal	
  is	
  compressed	
  in	
  <me	
  if	
  I	
  exercise	
  immediately	
  before	
  measurement
• Amplitude	
  of	
  signal	
  gets	
  bigger	
  if	
  I	
  exercise	
  immediately	
  before	
  measurement
• Amplitude	
  decreases	
  if	
  I	
  measure	
  further	
  along	
  arms	
  (arms	
  out	
  stretched)
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Expt.	
  4:	
  Magnetotac<c	
  bacteria

• Magne<c	
  dipole	
  moment	
  
• Magne<c	
  fields	
  generated	
  by	
  a	
  
coil	
  of	
  wire	
  (Biot-­‐Savart	
  /Ampere’s	
  
law)
• Capture	
  trajectories	
  using	
  a	
  
camera
• Radius	
  of	
  u-­‐turn	
  upon	
  reversal	
  of	
  
magne<c	
  field	
  direc<on	
  is

Biological	
  relevance

• Living	
  organisms	
  use	
  magne<c	
  fields	
  for	
  naviga<on	
  (cf.	
  also	
  birds)

r = 8ηπ 2Rb
2

µbB
⎛
⎝⎜

⎞
⎠⎟
vb
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Expt.	
  4:	
  Magnetotac<c	
  bacteria

• Film	
  mo<on	
  of	
  bacteria	
  with/without	
  applied	
  magne<c	
  field	
  (microscopic+camera)

• Reverse	
  magne<c	
  field	
  and	
  measure	
  radius	
  of	
  curvature	
  of	
  u-­‐turn	
  to	
  obtain	
  magne<c	
  
dipole	
  moment	
  of	
  bacteria

• Can	
  also	
  change	
  viscosity	
  of	
  medium

Examples	
  of	
  hypotheses:

• Bacteria	
  swim	
  in	
  random	
  direc<on	
  without	
  applied	
  magne<c	
  field
• Bacteria	
  go	
  in	
  opposite	
  direc<on	
  to	
  magne<c	
  field
• Dipole	
  moment	
  is	
  propor<onal	
  to	
  length	
  of	
  bacterium
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Expt.	
  4:	
  Magnetotac<c	
  bacteria
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Expt.	
  4:	
  Magnetotac<c	
  bacteria
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What the students think - 
Dino lab
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What the students think

OAPT conference, May 13th

 Did you learn any useful skills during the 
labs?    No: 9%   Yes: 74%   Yes!: 13%
- Scientific skills (testing hypothesis, being creative, identifying 

sources of errors...) 45%

- Calculating uncertainties 23%

- Writing a lab report 23%

- Technical skills 6%

 Things the students struggled with (found 
challenging, thought should be changed...)
- Formulating an hypothesis and designing an experiment

- Not having specific guidelines

- Writing a lab report (too long, not enough guidelines, not worth 
enough marks, marked by different TAs...) 
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What the TAs think

OAPT conference, May 13th26

 Labs are more fun and more satisfying to teach 
(teaching how to think instead of giving 
instructions).

 Students are more enthusiastic (because they got 
to come up with their own ideas and test them). 

 Being in the computer lab is helpful, with students 
learning directly from the TAs (and often grateful).

Marking lab reports is harder and takes more time 
(but overall, TA load is comparable to previous 
1BB3 sessions).
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Do the students really
 learn more?

OAPT conference, May 13th

iClicker 
questions in 
class shortly 
after the lab
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Do the students really
 learn more?

OAPT conference, May 13th

iClicker 
questions in 
class shortly 
after the lab
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Conclusions
- Overall, students are definitely more 
engaged. 
- Testing whether desired skills are 
acquired remains to be done

- Sustainability 
- Need to permanently train 
and motivate instructors & 
TAs (resistance, inertia...)
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The Vitruvian man: 
Myth or reality?

Physics 1BB3, Lab #1

Wrap-up
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Vitruvian vs. Reality

Length 1 Length 2 Number 
of teams

Number 
of 

subjects

Average 
ratio Error

Ratio 
(Vitrus 
Pollo)

True or 
false??

Height Armspan 13 69 1.01 1
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Vitruvian vs. Reality

Length 1 Length 2 Number 
of teams

Number 
of 

subjects

Average 
ratio

Absolute
Error

Ratio 
(Vitrus 
Pollo)

True or 
false??

Height Armspan 13 69 1.01 0.04 1 ✔
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Length 1 Length 2 Number 
of teams

Number 
of 

subjects

Average 
ratio

Absolute
Error

Ratio 
(Vitrus 
Pollo)

True or 
false??

Height Armspan 13 69 1.01 0.04 1 ✔

Height Hand 5 29 0.107 0.005 0.1 ✖

Height Forearm 5 26 0.266 0.005 0.25 ✖

Height Shoulder 
width

1 6 0.256 0.002 0.25 ✖

Height Face 1 5 0.113 0.002 0.1 ✖

Height Foot 1 4 0.145 0.002 0.166 ✖

Shoulder 
width

Elbow - 
armpit

2 11 0.56 0.04 0.5 ✖

Forearm Face 1 4 0.45 0.03 0.4 ✖

Hand Face 1 6 1.01 0.03 1 ✔

Armspan Hand 1 5 0.105 0.003 0.1 ✖

31 groups, 165 students
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Distribution of values for the ratio 
between armspan and height

Average

Maximum 
deviation Standard 

deviation

Estimated
error
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What makes a good graph? 

Error bars

Axis labels 
(with units!)

Legend

Good scale

Large font
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Better
Problem!

Best!
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What makes a good measurement? 
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How do we 
interpret our 

data?
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Compare your results to other studies.

Arm span and leg length correlate reasonably well with 
standing height

R2=0.665

What is there to discuss about our 
results?
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Your result: Hand length (L)    0.81  H = 6.86L + 46.47

Your results differ from those used in this article. Why?

What is there to discuss about our 
results?
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Answer your hypothesis. Be logical. 

On average in our group of students, the armspan of a subject was 
equal to his/her height:                          r = 1.01 ±  0.04   ⇒  Yes!

On average in our group of students, the length of a subject’s hand 
was one tenth of his/her height:                  r = 0.107 ±  0.003      
⇒    No!        

The armspan of a man is equal to his height:                ⇒  No, not 
always in this group, and might be different for other groups

There is a correlation between the armspan and height of a human 
being: ⇒  Yes, although it is not a perfect correlation.

How do I conclude? 
What makes a good hypothesis?
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