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How to Use Scientific Notation? Use of Symbols in Science

In science we use a large number of Latin and Greek letters (and their combinations)
as symbols, so it is inevitable to learn the Greek alphabet.

However, the number of quantities and units is much greater than the number

best calculator for still okay . ' X
a medical student (but less convenient) not allowed of available letters, and this can lead to confusion. Your help: CONTEXT
| camo st | 2 ambiguity! «<— BEWARE! —— inconsistency!
] o 9,‘;, for example: for example:
sin(3a0)=% (s p [rho]
‘; © e ’5% a general @ density (
= P ‘. constant -3 d
S %e 3 ‘OOQ ( v
<
9{2 & speed ¢

——

/ i P x
capacitance multiplication .
~ *

speed of light <— c and C —~ ond

\ capacitor
N l N\, . f
o % requency (
0 %) ' %o/ v [nu]
@) i i oc
36 proportionality {< * 6

programmable sQee concentration
linear input graphical display (many different kinds)

natural display

What is a Function?

Angles
b: g oo degrees) Unambiguous assignment of one set of values to an other set of values
degrees
mode revolution: one turn INPUT (ARGUMENT,
degree: practical, traditional unit INDEPENDENT VARIABLE) DOMAIN
R: radian: scientific unit, arc/radius X
radians
H —
mode 1 revolution = 360° = 2t rad X f(X) or y= f(X)

a1 (logal
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asa

x> fix) or y=flx)
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Trigonometric Functions

degree: practical, traditional unit
radian: scientific unit, arc/radius
1 revolution = 360° = 2m rad
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b

adjacent cathetus
sine: sin(a) = a/c
cosine:  cos(a)=b/c
tangent: tan(a) = tg(a)

opposite cathetus

=a/b

for small angles (<10° = 0.2 rad):

sin(a) = a [rad] = tan(a)

Linear Function

-—J(md) /,
==sin(a) L
—tan(a)
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Linear Function: Some Examples
from the Biophysics Formula Collection

#1: The ideal gas law
(1.35)
pV =nRT (if n & V are constant)
p=nR/V-T+0

/7//

y=a-x+b

#3: Attenuation coefficient

(11.85)
U= Uyp
H=Hy p+0
y=a-x+b

#2: Photoelectric effect
(1.37)
Ekin= hf_Wem
Ekln _h f+( Wem)

y=a-x+b
#4: Ohm'’s law

R=U/I
I=1/R-U+0

y=a-x+b
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INTEGRAL FORM

ifx=0
theny=b

if Ax=1
then Ay =a

a = Ay/Ax = tana

i o
yeosxa3 1t {K@Afx
(X At
S L\y
Ax
5 - X v
explicit fory: — y=a-x+b
explicit forx: x=(y—b)/a
I

=10
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Exponential Function: Example #1
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Exponential Function: Example #2

250000

200000 |

150000 -

100000 -|

50000 -

debt
) time debt in €
elapsed | (yearly interest rate:
(yrs) 20%)
0 1000 (capital) > 1.2
+1 .
1 1000 - 120% = 1200
+1 o x12
» 7 1000 - 120%? = 1440 S
. < 3 1000 - 120%? = 1728 S
+ 1.2
L & 4 1000 - 120%? = 2074 S X
+ 1.2
5 1000 - 120%5 = 2488 & *
+1
- 6 1000 - 120%S = 2986 2 x12

debt = 1000€ - 1.271r

Exponential Function

ifx=0 ify=yole
INTEGRAL FORM theny = y, thenw ok
=h.oX g I
y b a 3‘ y y = 5025
'y
toe i
* P - 1/p X
| explicit for y: Y=y, eP* |
explicit for x:  x=In(y /y,)/ (-p)
I T -

Exponential Function: Example #3
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Exponential Function: Linearization

graphical linearization X; y y ; 5e-0.25‘x
plot y on a log scale as a function of x: 7
the relationship looks linear but it is still exponential

INTEGRAL FORM

logy=10g(y0 'e""")
logy =1logy, +10g(e"”)
logy=1logy, - p-x-loge

logy=-p-loge-x+logy,
—_— >

'Eg{tzgy

log(5) = 0.699 arithmetical linearization
slope = — p-log(e) plot log(y) as a function of x: =
—0.25-log(e) = -0.1086 the relationship is linear y J= -0.108?x +18.6?9
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intercept = log(y,)




Exponential Function: Some Examples
from the Biophysics Formula Collection

Graph of Exponential Functions
from the Biophysics Formula Collection

#1: Law of radiation attenuation #2: Boltzmann’s distribution UNpJya _ —ox
(1.11) (1.25) y= yO'e (general equation)
= | .o o )
J - JO . e_ﬂx n = no . e—AE/(kT) UO /\0 Po jo Yo ./ ‘IO € (law of radiation attenuation)
|
// // / / // p = po'e_Mgh/RT (barometric formula)
y = y . e_pX y - y . e—X/k J /e /\ = /\O'e_t‘/.t (radioactive decay law)
0 0 o
po/e Y /e ................. U = Uo'e_t/RC (discharge of an RC circuit)
Nfe ’ :
#3: Decay law #4: Discharging an RC circuit Uy/e
(11.96) (VI1.2) Y >
1/p X xhtt
N=N0'e_At U= Uooe_t/(RC) 1/[1
RT/Mg
/ / / T
Y=y, e y=y,- ek R
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Power Function: Example Power Function
INTEGRAL FORM ifx=1
mass o< volume o< [body]length? VARIABLEs: dependent  independent theny=b
surface area o< [body]length? : i i 2 2 }
y
: y=x
15
10 /
explicit for y: y=b-x° f
explicit for x: x=(y /b)¥@ s j
“DIFFERENTIAL” FORM 0 1 X

19

0 5 10
inverse proportionality
and square root
functions are also power
functions
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Power Function: Linearization

graphical linearization
plot both y and x on log scales:

the relationship looks linear but it is still power function

INTEGRAL FORM

y=b-x?
logy= log(b-x")
logy =logb + log (x")
logy=1logb+a-logx

intercept = logb

y

10

-

~

logy

logy=a-logx+logh 15 1 y = 2x
. y x b ' \

1

logl=0 arithmetical linearization o5
slope =a plot log(y) as a function of log():
a=2 the relationship is linear o logx

Power Function:
from the Biophysics

#1: The de Broglie wavelength
(1.3)
A=h/p
A=h .p/—l

y=>b-x°

#3: Duane—Hunt law

(11.80)
he

eU,

‘min

anode

A, =hc/e- Ut

;o

y=>b-x°

0 0.5 1 1.5 2

Some Examples
Formula Collection

#2: Stefan—Boltzmann law

(11.41)
Myjack = 0 45
S
y=b-x°

#4: Mass dependence of eigenfrequency
(Resonance 6)

1 k
f“‘%\/%

fo = K¥2/(2m) - 2

Vo

y=>b-x°

108 |
\

Power Function: Example

mass o< volume o< [body]length3
surface area o< [body]length?

Allometric scaling
(E.g. Kleiber’s law)

hourly heat production oc body mass3/*

A

homeo- |
therms
(warm-blooded
organisms)

poikilotherms
(cold blooded organisms)

1 l 22
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Logarithmic Function

INTEGRAL FORM

y = b-log,(x)

PRACTICAL CONSIDERATIONS:
base is 10 (sometimes e or 2)

* if the base is fixed this will modify the
factor paramater according to the
following identity:
b-log,(x)=b/log,,(a) log,,(x)=b’log,4(x)

dependent independent

VARIABLES: variable variable

Pl
y =b’-log,,(x)

PARAMETERS;  [actor
pPa rameter

ifx=10
theny=5b’
10 3
y
y = 2log,4(x)

b/: T T T \

5 10 15 X 20

Logarithmic Function: Llnearlzatlon

»DIFFERENTIAL” FORM

Ay ~ Ax/x
The absolute change of the dependent

variable is proportional to the relative
change of the independent variable

Logarithmic Function: Some Examples
from the Biophysics Formula Collection ..andelsewhere

#1: The statistical definition of entropy

(n.72)

S=kInQ
S=k-log.(Q)
y=b-log,(x)

#3: The definition of absorbance
(VI.34)

|g(./0/./)
A= |0g (Jo/))
Y
y=b-lo a( X)

#2: The decibel (dB) scale
(V11.10)
n=10logA,

n= 10 IoglO(A)

/

Ioga(x)

#4: The pH scale

pH =—log[H*]
pH =—1- log,o([H]/(1 M)

\y\W

log,(x)

graphical linearization
plot y on lin and x on log scales: y
the relationship looks linear but it is still a log function s {
) ]
N y = 2log(x)
INTEGRAL FORM P
— h’ 0
y = b loglO(X) 4-1 10 100
y
3
5 ]
arithmetical linearization _
plot y as a function of log(x): y =2x
the relationship is linear log(x)
° 0 0.5 1 15 2
Functions
Summary
LINEAR FUNCTION EXPONENTIAL FUNCTION
Ay ~ Ax Ay/y ~ Ax

The change of the dependent variable is
proportional to the change of the
independent variable

The relative change of the dependent
variable is proportional to the change of the
independent variable

y Vs. X logy vs. x
Linearization
y vs. logx logy vs. logx
LOGARITHMIC FUNCTION POWER FUNCTION
Ay ~ Ax/x Ay/y ~ Dx/x

The absolute change of the dependent
variable is proportional to the relative
change of the independent variable

The relative change of the dependent
variable is proportional to the relative
change of the independent variable




