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BACKGROUND

® BIO2010, NATIONAL RESEARCH COUNCIL,
RECOMMENDATION 2:

FACULTY IN BIOLOGY, MATHEMATICS, AND
PHYSICAL SCIENCES MUST WORK
COLLABORATIVELY TO FIND WAYS OF
INTEGRATING MATHEMATICS AND PHYSICAL
SCIENCES INTO LIFE SCIENCE COURSES AS WELL
AS PROVIDING AVENUES FOR INCORPORATING
LIFE SCIENCE EXAMPLES THAT REFLECT THE
EMERGING NATURE OF THE DISCIPLINE INTO
COURSES TAUGHT IN MATHEMATICS AND PHYSICAL
SCIENCES.



BACKGROUND

® MATH & BI1O0 2010, L. A. STEEN (EDITOR), MAA;
CHALLENGES, CONNECTION, COMPLEXITIES:
EDUCATING FOR COLLABORATION, J. R. JUNGCK:

“RECENT RECOMMENDATIONS FOR REFORM OF
UNDERGRADUATE SCIENCE AND MATHEMATICS
EDUCATION HAVE REINFORCED THE NEED FOR MORE
MATHEMATICS AND COMPUTER SCIENCE IN
UNDERGRADUATE BIOLOGY EDUCATION AS WELL AS
MORE ATTENTION TO BIOLOGICAL APPLICATIONS IN
MATHEMATICS AND COMPUTER SCIENCE
EDUCATION.”



OVERVIEW OF TOPICS

@ MATRIX MODELS FOR POPULATION GROWTH (SEE
ALLMAN AND RHODES, MATHEMATICAL MODELS IN
BioLOGY, CHAPTER 2)

@ COLOR PERCEPTION AS A VECTOR SPACE (SEE
FEYNMAN, LEIGHTON, AND SANDS, THE FEYNMAN
LECTURES ON PHYSICS, VOL I, CHAPTER 35)

® OTHER POSSIBILITIES



POPULATION GROWTH

® EXAMPLE:

SUPPOSE A TREE POPULATION CONSISTS OF FOUR
STAGES: SEEDS, SEEDLINGS, YOUNG TREES, AND
ADULT TREES.

® EACH YEAR, EVERY INDIVIDUAL EITHER DIES,
REMAINS IN THE SAME STAGE, OR ADVANCES TO THE
NEXT STAGE. IN ADDITION, YOUNG AND ADULT
TREES PRODUCE SEEDS.

®@ TRANSITIONS ARE CHARACTERIZED BY
PROBABILITIES, AND SEED PRODUCTION IS
CHARACTERIZED BY A PER CAPITA AVERAGE.



POPULATION GROWTH

>  SEEDS St = 7 Seeds at time t
SEEDLING |  N; = # Seedlings at time ¢
Youmjs TRB Y: = # Young Trees at time ¢

ADULT TREE Ay = # Adult Trees at time ¢
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POPULATION GROWTH
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POPULATION GROWTH
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KEY ASSUMPTION: EACH
TERM ADDITIVE AND
PROPORTIONAL TO SOURCE

St1 = faAe + [, Y + DsSt
Niy1 = qsSt + pn Ny
Yt—l—l — QnNt "|_pyY;f

A1 = qyYs + paAs



MATRIX FORMULATION

St41 =Ds St +0-Ne+ f, - Yo + fo - Ay
Niy1=¢qs St +pn-Ne +0-Y; +0- Ay
Yie1=0-5:+¢n-Ne+py - Y +0- A
Aty1 =05 +0- N+ qy - Yr +po - At

Xir1 = PXy
/St\ /ps 0 fy fa\
<. — | M p_|4% pn 0 0
L Yi I py 0O

\At/ \O 0 gy pa)



SAMPLE PROBLEMS

® GIVEN THE STAGE DISTRIBUTION AT TIME T=9, FIND
THE STAGE DISTRIBUTION AT TIME T=10. (MATRIX-
VECTOR MULTIPLICATION)

® GIVEN THE STAGE DISTRIBUTION AT TIME T=9, FIND
THE STAGE DISTRIBUTION AT TIME T=8. (SOLVE A
LINEAR SYSTEM, FIND MATRIX INVERSE)

® GIVEN THE STAGE DISTRIBUTION AT TIME T, FIND A
FORMULA FOR THE DISTRIBUTION AT TIME T+S OR T-S.

(INTEGER POWERS OF P AND P )



EIGENSPACES

®@ INSTEAD OF LOOKING AT ACTUAL POPULATION SIZES,
LOOK AT THE RELATIVE POPULATION SIZES:

1
T(Sta Nt7 YtaAt)

¢
T, =S+ Ne + Y + A = || X1

® UNDER BASIC ASSUMPTIONS, THE DISTRIBUTION WILL
CONVERGE TO A DISTRIBUTION INDEPENDENT OF
INITIAL CONDITIONS, CALLED THE STABLE STAGE
DISTRIBUTION.

(St7 T, Y, CLt)

@ THIS DISTRIBUTION IS AN EIGENVECTOR OF P AND
THE CORRESPONDING DOMINANT EIGENVALUE IS
CALLED THE INTRINSIC GROWTH RATE.



PERCEPTION OF VISION

(THE FEYNMAN LECTURES ON PHYSICS, CH 35)

®@ LEAD-IN THOUGHTS AND QUESTIONS

® A PRISM DIVIDES LIGHT INTO A SPECTRUM OF MANY
DIFFERENT WAVELENGTHS, AND EACH DISTINCT
WAVELENGTH PRODUCES A DIFFERENT COLOR

® How DOES A [COLOR PRINTER, TELEVISION,
COMPUTER SCREEN] USE ONLY THREE COLORS TO
PRODUCE SO MANY DIFFERENT COLORS?

WOULD IT HELP IF WE ADDED MORE COLORS?
CoOuULD WE DO WITH FEWER COLORS?

® WHY DO WE TYPICALLY USE RGB OR CMYK?



PERCEPTION OF VISION

(THE FEYNMAN LECTURES ON PHYSICS, CH 35)

® HUMAN PERCEPTION OF COLOR CAN BE DESCRIBED AS
A VECTOR SPACE OF DIMENSION 3 (ALMOST).

@ SET OF VECTORS: ALL PERCEIVABLE COLORS AND
INTENSITIES OF THOSE COLORS CREATED BY LIGHT
ON A WHITE SCREEN.

® VECTOR: A SPOTLIGHT THAT CREATES EXACTLY THE
COLOR/INTENSITY DESIRED (ON WHITE SCREEN).

® VECTOR ADDITION: GIVEN TWO COLORS, TAKE THE
TWO CORRESPONDING SPOTLIGHTS AND SHINE THEM
SIMULTANEOUSLY ON THE SCREEN.

® SCALAR MULTIPLICATION: SCALE THE INTENSITY
OF THE LIGHT BUT KEEP SAME COLOR.



PERCEPTION OF VISION

(THE FEYNMAN LECTURES ON PHYSICS, CH 35)

® WHAT DO WE MEAN THAT COLORS ARE EQUAL (=)?

® INDISTINGUISHABLE COLORS: LET X AND Y BE TWO
SPOTLIGHTS SUCH THAT THE HUMAN EYE CANNOT
DISTINGUISH THEM.

® THEN FOR ANY OTHER SPOTLIGHT Z, THE EYE WILL
NOT DISTINGUISH X+Z FROM Y+Z.

IF X AND Y ARE INDISTINGUISHABLE, WE SAY X=Y.
THEN X+Z=Y+Z.

® THAT IS, ADDING ANOTHER LIGHT WILL NOT ALLOW
THE EYE TO DISTINGUISH TWO PREVIOUSLY
INDISTINGUISHABLE LIGHTS?



PERCEPTION OF VISION

(THE FEYNMAN LECTURES ON PHYSICS, CH 35)

® BIG PROBLEM: WHAT DO WE MEAN BY A NEGATIVE
INTENSITY OR ADDITIVE INVERSE?

® ACKNOWLEDGE: NO PHYSICAL ANSWER!

AVOIDANCE: FOR APPLICATION, WE NEVER NEED TO
CREATE THE ADDITIVE INVERSE. WE ONLY NEED TO
CREATE EQUATIONS RELATING COLORS INVOLVING
POSITIVE INTENSITIES.

@ LET A, B, AND C BE COLORS WITH PHYSICAL
COLORS (POSITIVE INTENSITY). THEN WE SAY
A=B-C IFF A+C=B.



PERCEPTION OF VISION

(THE FEYNMAN LECTURES ON PHYSICS, CH 35)

® ALL VISIBLE COLORS MAY
BE DESCRIBED AS A 09,
LINEAR COMBINATION OF
THREE COLORS, FOR
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PERCEPTION OF VISION

(THE FEYNMAN LECTURES ON PHYSICS, CH 35)

® DIFFERENT COLOR METHODS CHOOSE DIFFERENT
BASES TO REPRESENT THE SET OF ALL COLORS.

®@ CMYK IS USED FOR PRINTING AND IS A SUBTRACTIVE
MODE (PIGMENTS ABSORB LIGHT RATHER) STARTING
WITH WHITE PAPER. BLACK INK (K) IS ALSO
REQUIRED.



OTHER POSSIBILITIES

®@ MARKOV CHAINS AND TRANSITION MATRICES: FOR
EXAMPLE, APPLICATIONS TO DNA MUTATIONS.

@ SUCCESS PROBABILITIES: (MARKOV CHAIN)

OAO&»O (@)

Lose A B C’ WIN

® FOR ANY STARTING POINT {A,B,C}, THERE IS A
PROBABILITY TO WIN.

@ USE A RECURRENCE RELATION TO COMPUTE THESE
PROBABILITIES:

PA:TaPA+paPB
Pp = qpPa + 1P + ppPc
PC’ ZQCPB+TCPC+pa



