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II. RADIATION AND ITS INTERACTION WITH ,LIVING” SUBSTANCES
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[IT. TRANSPORT IN LIVING ORGANISMS
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[V. BIOPHYSICS OF THE SENSES
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VII. ELECTRONIC METHODS AND SIGNALS IN MEDICAL PRACTICE
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X. PHYSICAL METHODS IN LIFE SCIENCES
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CONSTANTS AND DATA

Universal gas constant

R =8.314 ]J/(mol-K)

Avogadro’s number

Na = 6-1023 /mol

Boltzmann'’s constant

k =1.3810-23 ] /K

Faraday'’s constant

F=96500 C/mol

Planck’s constant

h=6.62610-3]s

Speed of light (in vacuum)

c=3-108m/s

Electron charge

e=1.6-10-12C

Mass of electron (in rest)

m.=9.1-10-31 kg

Mass of proton (in rest)

mp =1.673-10-27 kg

Mass of neutron (in rest)

m, =1.675-10-27 kg

Stefan-Boltzmann constant

0=5.67-10-8 ] /(m2-K*:s)

Wien’s displacement constant

b=2.898-10-3 m'K

Gravitational acceleration £=9.81 m/s?
Reynolds number Re =1160
X-ray constant Cx=1.1-102°V-!
g factor of proton gp=5.59

Nuclear magneton

1n=5.05-1027 /T

Constant of photoeffect

Cphoto=6 cm2/(g-nm3)

Conversion factor for air

fy=34]/C

Coulomb’s constant

k=9-10? Nm?/C?

Vacuum permittivity

£0=8.85-10-12 C2/(Nm?)

Threshold of hearing (human ear, 1kHz)

]0: 10-12 W/mZ

Image distance of the reduced eye

i=17 mm

Data
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PERIODIC TABLE OF ELEMENTS
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elements p (g/cm3) | composit materials p (g/cm3)

aluminium (Al) 2.7

Body tissues (soft, mean)

1.04

copper (Cu) 8.96

blood (mean)

1.05

tin (Sn) 5.75

air (0°C, 101 kPa)

0.00129

iron (Fe) 7.9

bone (mean)

1.7

silver (Ag) 10.5

fat (mean)

0.92

mercury(Hg) 13.6

muscle (mean)

1.06

gold (Au) 19.3

water (4°C)

1.000

lead (Pb) 11.3

ice (0°C)

0.92

carbon (C, graphite) 2.23

ethanol

0.8

carbon (C, diamond) 3.51

zirconia (Zr0z)

6.0

carbon (C, fullerene) 1.65

amalgam (mean)

12

titan (Ti) 4.51

quartz (Si02)

2.65

PMMA (poly(methyl-methacrylate))

1.2

Data
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SURFACE TENSION

COEFFICIENTS OF LINEAR THERMAL

- 5 EXPANSION
material o (mJ/m?)
material a (106 1/K)
water 73
aluminium 24
mercury 486
steel 12
ethanol 22
amalgam 25
SPECIFIC HEAT ice 51
material c (kJ/(kgK)) teflon 200
wolfram (W) (Tungsten) |0.132
water 4.18 ABSOLUTE INDEX OF REFRACTION
ice 2.094 material n (589 nm, 20°C)
ethanol 2.4 air 1
muscle 3.76 water 1.333
blood 3.9 cedar oil 1.505
bone (solid) 1.3 diamond 2.417
fat 3 glass 1.5
Body tissues (mean) 35 flintglass 1.6
oxygen (C,) 0.65 prism (in refractometer) |1.739
oxygen (Cp) 0.92
SPECIFIC ROTATION
LATENT HEAT
: material s | - cm .
material q (kJ/kg) [ 1% [—g T
ice (melting) 334.4 D-glucose (dextrose) +52.7
water (evaporation 2257 D-saccharose (sucrose) +66.5
(100°C, 101 kPa))
D-galactose +80.2
water (evaporation
(30°C, 101 kPa)) 2400 D-lactose +55.3
D-fructose (levulose) -93.8
PECIFI DUCTANCE
SPECIFIC CONDUCTANC D-maltose +137.5
material o(S/m)
muscle 0.8
Data 20




SPEED OF SOUND VISCOSITY

material ¢ (m/s) material 1 (mPaes)

air 330 water (20°C) 1

helium 970 water(25°C) 0.85

water 1500 blood (37°C, in aorta) 4.5

body tissue (soft) 1600 air 0.02

bone 3600 ether 0.23
mercury 1.55

MASS ATTENUATION COEFFICIENT glycerol 1500

material

Hm (cm?/g)

lead (24Na, y radiation)

0.05

TISSUE WEIGHTING FACTORS

RADIATION WEIGHTING FACTORS

material wr

bone marrow (red) 0.12
colon 0.12
lungs 0.12
stomach 0.12
breast 0.12
gonads 0.08
bladder 0.04
liver 0.04
oesophagus 0.04
thyroid 0.04
skin 0.01
bone surface 0.01
salivary glands 0.01
brain 0.01
remainder 0.12

Data

Radiation and energy range | wr
photon 1
electron 1
Neutron 5-20
Proton, E, > 2 MeV 5
o particle, heavy nuclei 20
OSMOTIC COEFFICIENT
material ®
NaCl 0.92
CaCl; 0.85
glucose 1.00
KClI 0.92
Na-lactate 0.98
21




PROPERTIES OF SOME IMPORTANT RADIOISOTOPES

Chemical element | Symbol of Maximum ¥ - energy Ky dose
and its atomic the isotope | Physical half-life | Type of decay | particle energy (MeV) constant
number MeV) 2
HGYir - M
[ GBq-h ]
Hydrogen 1 SH 12.33 years ' 0.0186 -
Carbon 6 e 20.4 minutes | g* 0.96 -
4C 5760 years B 0.155
Nitrogen 7 BN 10 minutes L 1.19
Oxygen 8 50 2 minutes L 1.73
Fluorine 9 '8F 109.8 minutes | g+ 0.633
Sodium 11 2 Na 15.02 hours By 1.392 2.754 444
1.369
Phosphorus | 15 | P 14.28 days L 1.710 -
Sulfur 16 35S 87.2 days B 0.167
Potassium | 19 | ¥K 1.2810° years | B K (10%) 1.31 1.46
after K
PK 12.36 hours By 3.52(75%)
1.99 (25%) 1.525
Calcium 20 | *Ca 163 days L 0.257 -
Chromium | 24 | 5'Cr 27.7 days K, e,y 0.315 (e) 0.320
Iron 26 | Fe 8.2 hours Ly 0.8 0.5
¥Fe 44.6 days By 1.566 1.30 160
1.10
Cobalt 27 | %Co 5.272 years Ly 0.318 1.33 305
1.17
Copper 29 | ®Cu 12.74 hours B~ (39%) 0.575
B (19%) 0.656
K (42%)
v (1%) 1.34
Krypton 36 8Kr 10.73 years By 0.687 0.514
Rubidium 37 81Rb 4.7 hours By 0.99 1.93
0.95
%Rb 18.65days | gy 1.78 1.078
Strontium | 38 | *Sr 29 years L 0.546
Yttrium 39 | %Y 64 hours £, 7(0,4%) 2.29 1.761
Technetium | 43 | #Tc™ 6.02 hours y — 0.140
Indium 49 | 'Sppm 1.658 hours y — 0.391
Todine 53 | 1 13.3 hours K,y - 0.16
1251 59.7 days K, » - 0.0355
131 8.04 days By 0.606 0.364 54
0.25 0.080
0.81 0.723
Xenon 54 | PXe 5.29 days Ly 0.346 0.081
Caesium 55 | PCs 30.1 years By 0.512 (92.6%) 0.661 80
1.173 (7.4%)
Gold 79 1% Au 2.695 days By 0.961 0.411
Mercury 80 | 2Hg 46.6 days Ly 0.212 0.279
Radon 86 222Rn 3.824 days a 5.489
Radium 88 | *Ra 1600 years a, y(6%) 4.784 0.186
0.260
4.598 0.609
Uranium 92 238U 4.47.109 years a, y 4.2 0.048
Data 22




COMPONENTS OF THE MASS ATTENUATION COEFFICIENT OF LEAD

Hm | (em'rg)
Tm
Om
Km
Pb
0.15
T \
B\
=)
o
&\
@
B\
0.10 \ \
\
N LN
0.05 \ NG A
i ) >.d
%
\ 0/}\ //' X
\ Gmerfe/-/'\/ 6\).;
No <O
\ <é\‘ i
%\
<71 N
0 — T T : T E, (MeV)
0.1 S g 2 & &332 g EEE
ISOPHON CURVES
1000 Hz, sin
reference sound
|
p J , JaB loudness L. [sone]
Pa W/m dB
( )2( )2 (d5) loudness level L, [phon]
210 10° 140 = ———
5 % = reshold for pain= 13
2 5] s = ==
o 1 E o 120= = == : discotheque
210 10 @ 2 6% F— 7 q
73 3" : 7 120 phon
3 £ — 10 28— e -
2 - —— = = very
240" 10° E 100 = 00 {YE————=—-o BoiSy ‘;a:;zry
: 32— =i
— — 3}; ?‘% =
AR o4 — > 16! —~ ," Z N— busy street
210 10 80 — = —— = =: 70-90 phon
= 70 — ——+—
210°  16° 60 SS —4 e
—— h _—,—:_+ = == =7 N—F quiet street
— 5! = = 50 phon
i i —~ 1 — - - - s
210° 100 40 = 4 = =5
—— }30 0.4 = === whisper
——— = = == 30 phon
210 10" 20 =——_2 K= ==
D = — ~— ==F.
e%/ = 10, 0.025 = =
(o4 = 3 —-
-5 12 of/)e = 0= —~ e —
210° 10 0 i =0.001 =
10 20 50 100 200 500 1000 2000 5000 10000 20000
C, C c G} © Gy ©, Gy frequency, f (Hz)
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2
Hm water(cm /g)

& 10
2
=
[}
R 8 \
A 5 1 %,
© ¥,
=] <) water
= 98 af
U, 0] fen
g : R R T L
. =3 7,
P p T U 2 - Umeslcoe,;?
2 .
- y /1 E 3 RN
No [sX 7 ——
0.0173 2 N
P Q T A% \ S
<> S <“—> \ ¢ &
\x 5
PQ | ORS | ST V& )
< >« | ) g 0.001 \?Q \
QT . v
10keV 100keV 1MeV 10 MeV 100 MeV
NORMAL THRESHOLD OF HEARING
(for closed headphone used in the meas. == ==) Jom
@ 90
o~ K
g10" 880
2 ]
= @ 70
> 2 ®
210° 2 6ol
< = el ?
[ ] ¢ |~ normal
-8 b ¢+~ | threshold
10 40 8 7 (for closed
N 4 headphone
30 L L2 . usedinthe
L N < /| measurement)
10" 20 S . y 3
) 4
4 b
10 :5 S —
) ~..~? < -' ‘ "'
107" 0 B T rY -
| ————ft—normal
-10 threshold
(open air)
-20
32 64 125 250 500 1000 2000 4000 8000 16000
frequency f (Hz)
I, . | 1. V. V.
chamber(s) chamber(s) response to rate multisite pacing
paced sensed sensing modulation
0=None 0= MNoneg 0 =MNone 0 =MNone 0= None
A = Atrium A = Atrium I = Inhibitory A = Atrium
V = Ventricle V = Ventricle T =Triggered . _dﬁaltet' V = Ventricle
modulation
D=Dual (A+V) | D=Dual {A+V) | D =Dual {I+T) D = Dual (A+V)
Data
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STATISTICS

X.
X tX, .. tX — 1
X = 1 2 no_ i 1 —— xi
n n nig
n
Z”ixi
_f — i=1
n
— — XX
Sx,n—l - 7 _1
S
S, =—%
X \/;
x_
z = #
(o2
xXxt,s;
xxtt,s,
p X
-1 -
[n—1] s
;= X — My
[n=1] —
St
X, — X, mn,
Uy 21 =
0 +0, n, +n,
n+n,—2
n n,
—\2 —\2
Q1=Z(xli_xl) Q2=Z(x2i_x2)
i=1 és i=1
2
Slarger
FE”1_1§”2—1] = 2
smaller
h p—
an (xj —X Q
S2 _ J= — g
£ h-1 h-1
h h 1
—\2
ZQ] z (xl/ - 1)
= = __9
" N-h N-h N-h
Statistics

R
In

s
n
Oa,b) = Z[y,- —(ax, +b)

lpy =

2

* Qxy _ Sxy
a = -2
On 5

0, =Y (4 -9, ~7)

Qxx = i(xi _7_6)2

i=l1

2 Qxy
Yon-1
* — *__
b =y-ax
2
r_ Qxy _ Sxy

n—2
lyny =7 1—,2
2 (Oi _Ei)2
X Z—E
) n(ad —bc)?

A= G by e+ d)a+c)b+d)

log(a-b)= loga +logh
a
log(gj =loga—logh

loga” =b-loga

H = plogz(ij
p
I= log{lj
p
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p(4)="
n

p(AorB) = p(A)+ p(B)— p(AandB)

p(AandB)

A|B)=
p(4]B) »(B)

logit (A)=In(odds(A))
logit(not A)=-logit(A)

odds(A)=e'ost®)
1

odds(not A) =
odds(A)
a
ep o PBIR) aip _ate+d)
p(B+|R7) c cla+b)
c+d
p(B+|R+)
_ pB_IR,)) _ad
OR - p(B+ |R—) - bC
P(B_|R.)
p=E@&)=3.xp,

o> =D (&) = El(E-E©)1=Y ((x, - * - p(x))

n=¢&+k—E@m)=EQ)+kVar(n) =Var(5)

n=3&-k— E@p)=E&) k;Var(n)=Var(&) -k’

1= Gorm* Oorm —> E() = E(S) - E(@)

1 :
fasx<
p_g fasx b

0, otherwise

_ 2
:a+b 0_2:(19 a)

_ diseased FN +TP

total TN + FP+ FN + TP
TP TP

- diseased B FN+TP
TN TN

S = =
P healthy TN + FP
FN FN

diseased B FN +TP
FP FP

" healthy TN + FP

se

1-se=

-8

n=¢+w,E(n)=E(S)+E(w);Var(n)= Va’f(f)JrVar(ﬁ)}V __ TP P

if independent

1 (6-E©)

Ne-0var=1 = (5 - E(é:))*

1 n+l , n*-1
X )=— = o =
p(x;) o M= B

War(&)  Var(&)

positive FP+TP

TN 1IN
negative " FN+TN

FP _ FP
positive  FP+TP

FN _ FN
negative " FN+TN
_TP+TN _ TP+ TN
"~ total TP+ FN+TN +FP

NPV =

1-PPV =

- NPV =

de

Statistics
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T-DISTRIBUTION

degree of p (probability, two-tailed)

freedom 0.5 0.2 0.1 0.05 0.02 0.01 0.002 | 0.001
1 1.00 3.08 6.31 12.7 31.8 63.7 3183 | 636.6

2 0.82 1.89 2.92 4.30 6.96 9.92 22.3 31.6

3 0.76 1.64 2.35 3.18 4.54 5.84 10.2 12.9

4 0.74 1.53 2.13 2.78 3.75 4.60 7.17 8.61

5 0.73 1.48 2.02 2.57 3.37 4.03 5.89 6.87

6 0.72 1.44 1.94 2.45 3.14 3.71 5.21 5.96

7 0.71 1.41 1.89 2.36 3.00 3.50 4.79 5.41

8 0.71 1.40 1.86 2.31 2.90 3.36 4.50 5.04

9 0.70 1.38 1.83 2.26 2.82 3.25 4.30 4.78
10 0.70 1.37 1.81 2.23 2.76 3.17 414 4.59
11 0.70 1.36 1.80 2.20 2.72 3.11 4.02 4.44
12 0.70 1.36 1.78 2.18 2.68 3.05 3.93 432
13 0.69 1.35 1.77 2.16 2.65 3.01 3.85 4.22
14 0.69 1.35 1.76 2.14 2.62 2.98 3.79 414
15 0.69 1.34 1.75 2.13 2.60 2.95 3.73 4.07
16 0.69 1.34 1.75 2.12 2.58 2.92 3.69 4.01
17 0.69 1.33 1.74 2.11 2.57 2.90 3.65 3.97
18 0.69 1.33 1.73 2.10 2.55 2.88 3.61 3.92
19 0.69 1.33 1.73 2.09 2.54 2.86 3.58 3.88
20 0.69 1.33 1.72 2.09 2.53 2.85 3.55 3.85
21 0.69 1.32 1.72 2.08 2.52 2.83 3.53 3.82
22 0.69 1.32 1.72 2.07 2.51 2.82 3.51 3.79
23 0.69 1.32 1.71 2.07 2.50 2.81 3.49 3.77
24 0.68 1.32 1.71 2.06 2.49 2.80 3.47 3.75
25 0.68 1.32 1.71 2.06 2.49 2.79 3.45 3.73
30 0.68 1.31 1.70 2.04 2.46 2.75 3.39 3.65
40 0.68 1.30 1.68 2.02 2.42 2.70 3.31 3.55
60 0.68 1.30 1.67 2.00 2.39 2.66 3.23 3.46
120 0.68 1.30 1.66 1.98 2.36 2.62 3.16 3.37
0 0.68 1.29 1.64 1.96 2.33 2.58 3.09 3.29

x2 (CHI-SQUARE)-DISTRIBUTION
degree of p (probability, right)
freedom 0.99 0.975 0.95 0.05 | 0.025 | 0.01 | 0.001
1 0.0000157 | 0.0000982 | 0.000393 | 3.84 | 5.02 | 6.63 | 10.83

Statistics, distributions
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LEGTH- AND WEIGHT-FOR-AGE PERCENTILES; BOYS
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Published May 30, 2000 (modified 4/20/01).

SOURCE: Developed by the National Center for Health Statistics in collaboration with
the National Center for Chronic Disease Prevention and Health Promotion (2000).
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Statistics, percentiles
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BMI - AGE PERCENTILES; BOYS
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Statistics, percentiles
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LEGTH- AND WEIGHT-FOR-AGE PERCENTILES; GIRLS
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Statistics, percentiles
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BMI - AGE PERCENTILES; GIRLS
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