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Abstract

GR for Replacement of Bounded, Decaying Populations. A.C. Tuary, John
Wikswo (Vanderbilt University)

Einstein's lessons on the mortality of genius suggest how GR will allow

replacement of a bounded, decaying population N(¢) = Jn(a,t)dt , Where a and ¢

are 1n years. N decays with time as N(¢) = = J n(a,t,)[1-k(a)]"»da, where k(a) is
the decay rate from www.cdc.gov\chs; for 35 < a < 85, k(a)=7.0193 098702103,
with R?2= 0.999. To determine N(¢), assume integer values for a and ¢ and use the
single-element forward-projection kernal n(a+1,t+1) = n(a,t)[1-k(a)]. A Monte
Carlo n(a,2002) with 34 < a < 71, avg=54.1, median=55, and N(2002)=25
yielded N(2012)=21.006. The effects of a retarded decay are estimated by the
temporal transformation of k(a) to k(a-A), where A 1s an additional longevity; for
A=5 and 10, N(2012)=22.27 and 23.19, respectively. Ignoring all other decay
mechanisms, we conclude that over a 10-year period the Grim Reaper (GR) will
provide between one to three faculty positions in a medium-sized physics
department, with the added longevity, statistical fluctuations, and the
requirement for quantization of n(a,t) being the most important determinants of
position availability.
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Einstein's lessons on the mortality of
genius suggest how GR will allow
replacement of a bounded, decaying

population N(¢) = [n(a,f)dt , where a
and ¢ are 1n years.

» ['ve had prostate cancer, I'm well aware of my
mortality, so why do some physicists approach a
departmental planning exercise as if they were
immortal?
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N decays with time as

N(t) == | n(a,t)|1-k(a)]-da
where k(a) 1s the age-dependent decay rate
from the CDC.

R.N. Anderson, “Deaths: Leading Causes for 1999, > CDC National
Vital Statistics Reports, Vol. 49, No. 11 (2001)

http://www.cdc.gov/nchs/data/nvsr/nvsrd9/nvsr49 11.pdf

Lots of universities plan their future, but the faculty doing
this are seldom provided with the tools to readily assess

their own mortality. A first-order approximation should be
straightforward...
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Table 1. Deaths, percent of total deaths, and death rates for the 10 leading causes of death in selected age groups, by

race and sex: United States, 1999—Con.

[Rates per 100,000 popukation in speciied group. Data for races oher than white and black should be interpreted with caution because of inconsistencies between reporling
race on death certficates and on censuses and surveys, see Technical notes)

Cause of death (Based on the Tenth Percent Cause of death (Based on the Tenth Peroent
Rewsion, Intsmational Classfication of of fotal Revrsion, International Classiication of of fotal
Rank'  [Ciseases, 1992, race, sex, and age Numbar® deaths® Rate® Rank!  Diseases, 1892), race, 3ex, and age Number® deaths®  Fate®
White, male, 65 years and over White, male, 85 years and over
All causes TS 95 1000 56335 All causes . ; c.... 191810 1000 172021
1 Diseases of hearl (10040911113 [00451) 242366 337 1,8077 1 [Diseases of heat . (100-1091113120-51) 71980 376 64621
2 Malignant neoplasms (Coo-Com) 178847 M9 14003 2 Malignant neoplasms (Coo-Cer) 28102 152 28127
3 Chronic lower respiratory 3 Cerebrovascular diseases {le0-169) 16435 88 14755
dissases (M40-047) 50028 70 917 4 Chronie lowsr respiratory
4 Cerebrovascular diseases (lB0-69) 47848 67 3746 diseases. . _ (40-47) M1 58 0075
5 Influenza and pneumania (10-J18 21629 a0 1683 5 Influgnza and pneumonia (J10-J18) ams 51 B7Te
6  Diabetes malltus (Efo-E14) 18678 28 462 &  Alzhemer's disease (G30) 5411 29 4912
7 Accidents (umntentional 7 Aeadents (unintentional
inuries) .. ... ... (VOI-X59YB5-YRe) 14,165 20 1108 inuries) ... (VO1-X5GYRS-YBE) 440 22 ANM7
B Alzheimers disease. (G3o) 12,351 17 887 & Nephriis, nephrotic syndrome and
9 Mephrilis, nephrofic syndrome and nephrosis . (NOO-NO7 N17-N1BN25-N27) 38 20 3486
nephrosis . (NOO-NOTNAT-MigN2sN2T) 11,724 16 018 9 Diabetes mellitus . [E10-E14) 35 19 3280
10 Septicemia (AO-A41)  B2R8 12 649 10 Pneumontis dus to solids and
All other causes (Residual) 113578 158 @843 liquids (J6g) 2M5 15 2554
Al other causes (Residual) 33258 174 29859
White, male, 6574 years
Al causes 20442 100 30432 Whit, female, al ages’
1 Mahgnant necplasms .~~~ (Co0-Com) 73678 334 10171 Alcauses Co...... 1056013 1000 9249
2 Diseases of heart  (JO0408]11 13120451 68247 310 o421 1 Diseases of heat  (100-109)11 113120-161) 327533 310 2866
4 Chronic lower respiratory 2 Malignant neoplasms (Coo-Car) 229842 218 2011
diseages (J40-J4Ty 16,973 72 2205 3 Cerebrovascular diseases (len-l6g)  Basen &5 77
4 Carebrovascular diseases (60468 10,000 45 1380 4 Chroni¢ lower respiratary
§  Diabetes melltus E10-E¥4) 6787 31 937 fiseases _ (M40-M7) 517 55 505
6 Accidents (unintenfional & Influenza and pneumonia 10-J18) 32413 4t 284
Injuries) (VOI-X50YB5-Y86) 4267 18 68O 6 Acadents (unintentional
7 Influenza and pneumonia C(0-018 3208 15 454 njur sy : (VO1-X50 YBS-YBE) 2047 28 %7
B Chronic ver disease and 7 Alzheimer's disease (Gag) 2929 28 %6
cirrhosis (KTOK73-K74) 3,144 14 430 6 Diabetes mellius (E10-E14) 29064 28 24
8 Nephritis, nephiotic syndrome and 9 Nephitis, nephrotic syndrome and
nephrosis . . (NOO-NOTNIT-N1GN2SN2ZT 271 12 974 nephrosis - (NOG-NOT NA7-N1ONZE-N27) #4400 14 126
10 Aoric sneurysm and dissection 0T 25% 11 348 10 Seplicemia (MO-A41) 13788 13 121
All other causes (Residua) 29851 135 4121 All other causes (Residual) 202630 192 1773
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Decay Rate for U.S. White Males

8000

y = 7.3083e°9%°%
= 7000 R? = 0.999
; 6000
3
) 5000 |
‘C_> ~® Series2
— 4000 —* Series1
> , Expon. (Series1)
~~
) 3000
L
©
) 2000
A
1000
0
0 20 40 60 80 100

Age, a, years

3/24/2002 TL229 APS GR revl.0 6



LIVING STATE PHYSICS

DEPARTMENT OF PHYSICS AND ASTRONOMY, VANDERBILT UNIVERSITY

Decay Rate for Non-Hispanic U.S. White Males
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Fitting the Data to an Exponential, 35< a <85
. k(a)=7.3083 0086344105, with R2= 0.999

— All white males
— k(>85)=17202.1
— k(a)=1fora=1104

o J(a)=7.0193 e0-0870a.1(-5, with R2= 0.999

— Non-hispanic white males
— k(>85)=17539.1
— k(a)=1fora=109.9
 This 1s exponential decay with an exponentially
increasing decay rate!
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To determine N(7), assume integer
values for a and ¢ and use the single-
element forward-projection kernal

n(a+l,t+1)=n(a,n)|1-k(a))].

Use a spreadsheet to evaluate, year by year,
the integrated death rate for the non-
constant rate

N(t) == | n(a,t )| 1-k(a)]"da
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Transition Probability From the Living State to the Dead State, Starting in 2002
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Decay of a One-Year-Old Schrodinger Boy Starting in 2002
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Decay of a 50-Year-Old Schrodinger Man Starting in 2002
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n(a,2002)
4

Initial Conditions e

A Monte Carlo n(a,2002)
with 34 <a <71, !
avg =54.1, median=53,
and N(2002)=25...

...a hypothetical, medium
sized physics
department...

20
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Age, a, years
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) ______n(a,2012)

Nowandin o
10 Years N = o
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_n(a,\t)

Exponential-

Decay with a
Non-

Uniform
Rate
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Numbers
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Decay of a Schrodinger Population Density

4 e ——2a(2002)=35
a(2002)=37

——a(2002)=39

——a(2002)=40

3 1 —— a(2002)=42
a(2002)=43
a(2002)=44
a(2002)=52
a(2002)=55
a(2002)=56
a(2002)=57
a(2002)=58
a(2002)=61
- - - a(2002)=62
——a(2002)=63
——a(2002)=66
0 - - - - - | ——a(2002)=68
0 2 4 & 8 10 -a(2002)=69

Years into the future, t, years | ——a(2002)=70

3/24/2002 TL229 APS GR revl.0 18



LIVING STATE PHYSICS
DEPARTMENT OF PHYSICS AND ASTRONOMY, VANDERBILT UNIVERSITY

Education- Age Al <HS HS <C C >C Amax C-H >C-Al
0 740 703 729 734 758 773 7.0 -09 3.3

Induced 5 69.7 66.0 68.7 69.2 716 731 7.1 -08 34

. 648 61.1 63.8 642 666 682 7.1 -09 34

15 59.9 562 589 593 617 633 7.1 -09 34

LOIlgGVIty 20 552 515 542 546 571 587 7.2 -09 35
(EIL) 25 506 469 496 50.0 523 541 72 -09 35

30 459 425 449 453 475 493 68 -12 34

35 413 382 404 407 428 444 62 -15 31

* 1990 Life Expectancy for 40 36.7 33.8 359 362 382 396 58 -16 29
— Allwhite males (All) 45 321 295 314 318 335 350 55 -17 29

- Lessthanhighschool (<HS) 59 275 253 271 274 289 305 52 -19 3

:;I;i‘;;’j;;;;’;fjj;s) 55 231 21.3 229 232 245 260 47 -21 29
_ Bachelor dogree () 60 19.2 17.7 19.0 194 203 21.8 41 -23 26

— More than bachelor (>C) 65 155 145 156 158 166 180 35 -27 25
M 123 116 125 123 131 142 26 -33 19

H. Richards and R. Barry, “U.S. 79 9.5 9.1 96 95 100 111 20 -36 16
Life Tables for 1990 by Sex,

Race, and Education,” J.

Forensic Economics, 11: 9-26

(1998)
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Education- Age Al <HS HS <C C >C Amax C-H >C-All
0 740 703 729 734 758 773 70 -09 33
Induced 5 747 710 737 742 766 781 71 -08 34

. 748 711 738 742 766 782 71 -09 34

15 749 712 739 743 767 783 7.1 -09 34

Longev1ty 20 752 715 742 746 771 787 72 -09 35
(EIL) 25 756 719 746 750 773 791 72 -09 35

30 759 725 749 753 775 793 68 -12 34

35 763 732 754 757 778 794 62 -15 3.1

. 40 76.7 738 759 76.2 782 796 58 -16 29
PI‘GdlCted 45 771 745 764 768 785 800 55 -17 29

50 775 753 771 774 789 805 52 -19 3

age at tiIMe  s5 781 763 779 782 795 810 47 21 29
60 792 77.7 790 794 803 818 41 -23 26
Of death fOI' 65 805 795 806 808 816 830 35 -27 25

” /0 823 816 825 823 831 842 26 -33 189
age 11 1990 75 845 841 846 845 850 861 20 -36 16
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The effects of a retarded decay are
estimated by the temporal transformation
of k(a) to k(a-A), where A 1s an additional
longevity; for A=5 and 10 years,
N(2012)=22.27 and 23.19, for a net, ten-
year decrease 1n population of 2.73 or
1.81, respectively.

...In fact, I was being generous to those who
believe that education and clean living
results in immortality ...

3/24/2002 TL229 APS GR revl.0 21



LIVING STATE PHYSICS
DEPARTMENT OF PHYSICS AND ASTRONOMY, VANDERBILT UNIVERSITY

Conclusions: Education-Induced Longevity

* As compared to <H, >C extends life by up to 7 years
* As compared to the general population, EIL provides
1.6 to 3.5 years of additional life

— Peaks at ages 20 to 25
— Less than 2 years ages >70

* Education takes more of your life than 1t extends 1t

— For a=70, C extends life 0.4 years over HS, but required 4
years, for a net loss of 3.6 years

— Be sure that your educational years are fulfilling, because they
could be detracting from your time to enjoy life...
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Decay of a Schrodinger Department Starting in 2002
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Decay Rate of a Schrodinger Department Starting in 2002
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Ignoring all other decay mechanisms, we conclude
that over a 10-year period the Grim Reaper (GR)
will provide between one to three faculty positions
in a medium-sized physics department, with the
added longevity, statistical fluctuations, and the
requirement for quantization of n(a,f) being the
most important determinants of position
availability.

* QOver 10 years, you may not lose more than 30% to 40% of any one
single senior faculty member.
o The rate of loss may accelerate significantly after 2012

* Gaps such as n(a,2002) being zero for 44<a<52 may exacerbate later
population decreases relative to the near term.
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Caveats

[ am not an actuary.
e [ am using secondary sources.

 The CDC numbers are adjusted in a manner that I do not yet fully understand:
“Age adjustment, using the direct method, 1s the application of age-specific
rates in a population of interest to a standardized age distribution in order to
eliminate differences in observed rates that result from age differences in
population composition. This adjustment is usually done when comparing two
or more populations at one point in time or one population at two or more points
of time.”

» The death rates are declining with time, but I am using 1990 and 1999 data for
future decay rates

* Gender and minority representation are changing within physics departments,
and my analysis 1s based upon death rates for US non-hispanic white males.

* [ did not include income-induced longevity, which does exist.

* I have considered only death, and not disability, which does not exhibit a 1-to-0
wave function collapse.

« [ did not address sub-discipline-dependent occupational risks of
experimentalists versus theorists.
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