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1 Start Up 

/1.1athematica® 1 is one of the newest and most powerful computer systems for 

doing symbolic, numerical, graphics, and programming manipulations [1], [2]. 

With its large capabilities, Mathematica opens new prospects for solving a 

broad range o[ problems in physics, engineering and economics. 

The M athematica package Diana was designed and implemented by us for 

making automatic and quick dimensional analysis for any problem in physics 

and engineering. The package is based on the fundamental principles of di

mensional analysis formulated in the matrix form [3] . Materials from other 

common textbooks and articles [4]-[12] on dimensional analysis are used. A 

comprehensive treatment of the modern state of art together with the thorough 

lis\ of \he literature can be found in [12]. The basic principles of dimensional 

analysis are realized by using capabilities provided by the Mathematica's func

tions LlnearSolve and NullSpace[l]. 

It is proposed to increase the number of the SI base units by addition of 

the new fundamental unit of price- dollar $ -for solving financial problems 

in engineering physics. 

A detailed Sl Units Reference Table is enclosed at the subsection 4.4 for 

user's convenience. Table was compiled on the basis of the [13]-[15]. 

2 User's Guide 

This section describes the loading of the package into M atemahca and the 

standard help-mechanism. This information together with the information on 

SI units collected in subsection 4.4 are sufficient for practical applications of 

the package in different areas of science . 

1 M athemalica is a registered trademark of Wolfram Research, Inc. 
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2.1 Getting 

The file Diana.m and its documentation are available by electronic: mail frorn 

the authors. 

2.2 Loading 

It is assumed that the package is located in the 1\1 athematica-path, e.g. m 

user's current directory. Then the package is loaded into a lvf athcmat.ica 

session using one of the the commands Needs [ 11 Diana 
1 11

], Get [
11

Diana 
1 11

], 

<<Diana.m or <<Diana~.. 

In[!]:= «Diana' 

Diana: Version 1.0, March 1994 

by R. Muradian (1) & A. Urintsev (2) 

(1) Electronic address: muradian~theor.jinrc.dubna.su 

(2) Electromc 

Type ?Dlana'* 

address: urintsev!llsunse.jinr.dubna.su 

for all exported symbols and 

?Diana, ?DIANA, ?toFU for help on Diana package. 

The message shows the version of Diana, the date o( creation a.nJ contains 

information on help-mechanism. Our computations useJ A1athcmatzca 2.2 for 

MS- 'vVindmvs. 

2.3 Symbols 

l'sing the standa.rJ Alalhcrnalica syntax 1L is s\.raightfonvard l.o obtain a com

plete listing of all cxport.crl symbols defined i11 t.he /)[(mo. by the colllnl<:tnd 

Names["Dianar*"] or ?Dianar*: 
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In[2] := ?Diana 1 * 
• 

$ Diana Gray Kilogram Newton Siemens toFU 

Ampere DIANA Henry Lumen Ohm Sievert Volt 

Becquerel F Hertz Lux Pascal Steradian Watt 

Candela Farad Joule Meter Radian Tesla 

Coulomb G Kelvin Mole 

).-lore detailed information is a\·aila.bk on any of these symbols, e.g.: 

In [2]: = ?Diana 

Diana[{{namel, Siunit!}, {narne2, Siunit2}, ... }] performs 

dimensional analysis and expresses outcome in the form: 

name! -> expr F(K2, K3, : . . , Kn). Here K!, K2, Kn 

(with K1 = narne1/expr) represent the complete set of 

dimensionless parameters and F is undetermined function. 

Parameters K2, . , Kn and expr do not depend on name1. 

Ifn 

In [2] 

1, the result is name1 -> expr. 

?DIANA 

DIANA[{{namel, Siun>tl}, {name2, Siunit2}, .. } ] performs 

dimensional analysis and expresses outcome in the form: 

Weber 

G(Kl, K2, . , Kn) -> 0, where Ki represents the complete set 

of dimensionless parameters and G is undetermined function. 

In [2] : = ?toFU 

toFU[Siunit] transforms any combination of fundamental and 

derived SI units 1nto fundamental SI units. 

In[2] := ?farad 

Farad is the derived SI un1t of capacitance. 

Farad = (Ampere-2•Second-4)/(Kilogram•Meter-2) 

3 Illustrative Examples 

The follO\ving L.ypical cxa.mplcs illusLr<dc how otw uses tlw p<-H:k<l.[!/' itlld \\·hat 

sorts of problems can be solw·d \viLli /)/ana 

:) 



3.1 Simple Example 

Find the volume of the d-dirneusion;l ball: 

In[2] := Diana[{{V, Meter'd}, {r, Meter}, {d, !}}] 

d 

Out [2] = V -> r F [d] 

The dimensionless factor F [d] cannot. he attained by the dimensional anal

yslS method. Its exact form is kno"vn from ll\ore detailed solution as 

( 70 )'i2 jf(l + d/2). DIANA gives another form for t\w solution: 

In[3] := DIANA[{{V, Meter'd}, {r, Meter}}] 

Out [3] 

r 

G[----] -> 0 

1/d 

v 

3.2 Vibration of a Star [3] 

The follmving quantities: 

l. frequency of vibration(!). 2. mass density (p), 3. radius (r), 4. 

gravitationaJ constant (G) 

characterize the system. The solution first obtained by· Lord Rayleigh IS 

straightforward: 

In[4] := Diana[{{f, Hertz}, {rho, K>logram/Meter'3}, {r, Meter}, 

{G, Newton Meter'2 Kilogram'-2}}] 

Out[4]= f -> Sqrt[G] Sqrt[rho] 

Dirnr~nsiona.l analysis shmvs thn.t the radius is redundant. 

1 

3.3 Ship Propeller [3] 

The following quantities characterize the system: 

1. thrust force of the propeller (f), 2. radius of the propeller (r), 3. 

density of water (p), 4.speed of the ship (V), 5. acceleration due to 

gravity (g), 6. viscosity of the water (v), 7. rotational speed of the 

propeller ( w). 

In[5] := Diana[{{f, Newton}, {r, Meter},{rho, K>logram/Meter'3}, 

{V, Meter/Second}, {g, Meter/Second'2}, 

{nu, Meter'2/Second}, {omega, Radian/Second}}] 

2 2 nu g r omega r 

Out[5]= f -> r rho V F[---, ---, -------] 

r V 2 V 

v 

The famous dimensionless combinations, the Froude number Fr = V2 /gr and 

Reynolds number Re = Vrjv, are obtained automatically. 

3.4 Airplane Flying Through Rainstorm [3] 

Input data: 

1. number of raindrops striking the windshield per second (n), 2. 

characteristic length of the airplane (L), 3. diameter of a raindrop 

(d), 4. speed of airplane (V), 5. number density of raindrops (N,), 
6. mass density of water (pw ), 7. mass density of air (PA), 8. surface 

tension of water (a), 9. viscosity of air (,u(L), 10. acceleration due to 

gravity (g). 

Outcome for the number of raindrops: 

In[6] := Diana[{{n, !/Second}, {V, Meter/Second}, {N, Meter'-3}, 

{L, Meter},{rhoW, Kilogram/Meter'3}, 
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{rhoA, Kilograrn/Meter"3}, {sigma, Newton/Meter}, 

{g, Meter/Second"2}, {d, Meter}, {mu, Pascal Second}}] 

1/3 g 

Out[6]= n -> N V F[-------, 

1/3 2 

N V 

1/3 

L N ] 

1/3 1/3 

N sigma mu N rheA 

2 rhoW V rhoW 

rhoW V 

The function DIANA gives another set of dimensionless combinations: 

1/3 

d N 

In[7] := DIANA[{{n, 1/Second}, {V, Meter/Second}, {N, Meter"-3}, 

{L,Meter}, {rhoW, Kilograrn/Meter"3}, 

{rhoA, Kilograrn/Meter"3},{sigma, Newton/Meter}, 

{g, Meter/Second"2}, {d, Meter}, {mu, Pascal Second}}] 

3 

N V g rho A n sigma mu n d n L n 

Out[7] = G[----, --- ---- ------- ------- --- ---J -> 0 

3 n V rhoW 3 2 v v 

n rhoW V rhoW V 

3.5 Atomic Explosion [5], [6] 

A large amount of energy is suddenly released in infini tcly confined space. The 

motion of the surrounding air is characterized hy: 

1. radius of a spherica.l shock front (r), 2. timf' since 1 he explosion 

started (t), 1. the atmospheric dew;ity (p), 1. the released cnPrgy (e). 

The solution for r can be found: 

In[8] := Diana[{{r, Meter}, {e, Joule}, {rho, Kilogram/Meter"3}, 

{ t, Second}}] 
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1/5 2/5 

e t 

Out[8]= r -> ---------

1/5 

rho 

The solution for the speed of the shock front (c) is the following: 

In[9] := Diana[{{c, Meter/Second}, {e, Joule}, 

Out[9]= c -> 

{rho, Kilogram/Meter"3}, {t, Second}}] 

1/5 

e 

1/5 3/5 

rho t 

It ls ca.sy to check that r = c t. 

3.6 Financial Scaling 

Lord Kelvin was intcrcsterl in the following problem: what cross section must 

have the conductor to minimize the cost of electric line? The suJa.llcr cross 

section is advantageous from the point of view of the cost of the condudochut 

not for the Clwrg-y losl. The <'COllOmir op1 imum can he reached by a balance 

between these rival tendencies. To soln' this problem by the meL hod of dimen

sional analysis, let us usc extended Sl unit.s, snpplt'JllCHtcd b_y the fundamental 

UlliL of priC"c. dolla.r S. The J\('\\' Sis nnits have 1 he following set or t.!Je eight. 

fnnda.mcntcll tLni ts: 

{Meter, Kilogram, Second, Ampere, Kelvin, Mole,Candela, $} 

Th(' li~t of essen( icd V<ctriahl('s 111 [\('lnn"s prohlc'lll i:< 

I 
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1. cross section of the wire (S). 2. the price of the wire (a), :L the 

price of energy (b), ,J. electric current (i), .i. period of exploita

tion (t), 6. conductivity (p), 

Then: 

In[lO] := Dlana[{{S, Meter'2}, {a, $/Meter}, {b, $/Joule}, 

{1, Ampere}, {t, Second}, {rho, Ohm Meter}}] 

2 

b i rho t 

Out[lO]= S -> ----------

a 

The solution exhibits an interesting property : it is invariant. under scale trans

formation of the price unit $ -> .\. $ In other words, the rate of inflation does 

not affect the optimal cross sect.ior1 of the conductor. The phenomenon of scal

ing is well known from different branches of physics [8], [9]. Its generalization 

for the problems in economics will be quite useful. 

3. 7 Schrodinger Equation [10] 

Consider the quantum-mechanical problem of determining the energy levels in 

t.he potential V(x) = grk.. The relevant physical quantities are: 

l. energy (c), 2. coupling constant (g), :J. Planck constant (h), 4. 

mass of a particle (m), .). exponent (k). 

The dimension of g can be obtained from the umclition that g rk is energy. 

Dimensional analysis givc.s the follcn..,'ing factor for the energy: 

In[ll] := Diana[{{e, Joule}, {h, Joule Second}, {g, Joule/Meter'k}, 

{m, Kilogram}, {k,l}] 
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-

2/(2 + k) (2 k)/(2 + k) 

g h F[k] 

Dut[ll]= e -> 

k/(2 + k) 

m 

Since the quantum number n appears only in combination nh, we can obtain 

quantum-number dependence of energy by substitution h -> nh: 

en -> n2k/(k+Z). 

3.8 Classical Electron Radius [14] 

The following quantities determine the problem: 

1. classical electron radius (r), 2. elementary charge (e), 3. per

mittivity of free space(<), -1. speed of light (c), 5. electron mass 

(m). 

The solution is: 

In[12] := Dlana[{{r, Meter}, {e, Coulomb}, {eps, Farad/Meter}, 

{m, Kilogram}, {c, Meter/Second}}] 

2 

e 

Out[12]= r -> --------

2 

c eps m 

3.9 Stefan Constant [14] 

Input data: 

]. Stefan constant (cr), 2. Boltzmann constant (k), 3. Planck con

stant (h) , 4. speed of light (c). 

Outcome: 
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In[13] := Dlana[{{sigrna, Watt Meter--2 Kelvin--4}, 

{k, Joule/Kelvin}-, {h, Joule Second}, 

{c, Meter/Second}}] 

4 

k 

Out[13]= sigma-> 

2 3 

c h 

3.10 Clapeyron Equation [14] 

Input data: 

1. molar volume (V), 2. molar gas constant (R), 3. temperature 

(T). 4. pressure (p). 

Outcome: 

R T 

Out[14]= V -> 

p 

3.11 Exposure Rate [15] 

Input data: 

l. exposure-rate (ExposureRatc), 2. activity (A), :t distance from 

a radioa.divc source (L), 4. exposure rat(-' constant. (I'). 

Outcome: 

In[15] := Diana[{{ExposureRate, Coulornb/(Kilogram Second)}, 

{A, Becquerel}, {Gamma, Becquerel--1 Meter-2 

Coulomb Kilogram--1 Second--1}, {L, Meter}}] 
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~ 

A Gamma 

Out[15]= ExposureRate -> -------

2 

L 

3.12 Checking Equations 

The toFU function can be used for checking correctness of the physical equa

tions. For example, in the presence of magnetic field the commutator of the 

monwll!.mn operators obeys the following ·Landau quantization' rule: 

{;,,- p,] = ic 13, f> 

Applica.tloll of the toFU function to each side prO\'('S the dimensional correct

ness of this equation: 

In[16] := toFU[(Newton Second)-2] 

2 2 

Kilogram Meter 

Out[16]= ----------------

2 

Second 

In [17] toFU[Coulomb Tesla Joule Second] 

2 2 

Kilogram Meter 

Dut[17]= ----------------

2 

Second 

4 Basics 

Di mcu~iowd analysis COil~ists or 1.\VO s1.t'p~ 

II 
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1. choice of relevant variables. :2. const.ruc1 ion of a complete set of 

dimensionless combinations frolll these \·ariablcs. 

The first step requires a deep physical 1nsight int.o essence of thf' problem 

and is bc_yond the scope of ability of !.he computers. The second step can 

be made by means of high-lPvd symbolic computer algebra systems, and our 

lYI alhcmatica 's code Diana prm·ides a possible solution. 

The choice of the SI units for manipulation docs not restrict hy no meaus 

the generality of the method. 

4.1 SI Units: a Reminder 

The International System of units (.SI) is based on the seven fundamental units 

of length, mass, time, eleclric current, (thermodynamic) ternpcratun~, amount 

of snbstance. and luminous intensity. The derived dimensions are introduced 

for the sake of efficiency. 

The important properly of Sl L~nits, \vhich ma.kc tbese convenient for lise 

in climensinnal analysis method, is their coherence. The system of units is said 

to be coherent when derived units are expressed in terms of the fundamental 

units \vith numerical factors equal to uruty. Tlw seconcl advanto.gc of SI Units 

is their aduption i hroughout t.he world. Information on .1:)1 Units necessary for 

our purpose:=; is collected in subsection 4.4. 

Certain l\il athemalica 's standard packages : :rvliscellaneous' SI tJ nits', Miscel

ln.ncous;Cnits' and 1,.-1iscellancous'Physic.alConstants; [2] operates on the same 

physiud quantities as Diana. The acquaintance \vith these packages would be 

c.lcsirable but not comptdsory. 

4.2 SI, Units 

Tlw rndhocl of Jirnensional analysis can he cxLended upon inclusion into a set 

of fundamental SI units tlw unit of price dollar$. These extended units arc 

dcfiJ1ed in 1hc following way· nw(.er. kilogram, second, Amp(~rc, Kelvin, mole, 

ca.ndcla,dollar. In J.\1oJhcrnahca they are: Meter, Kilogram, Second, 
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J 
] 

.~' ,// 

J 

Ampere, Kelvin, Mole, Candela, $. This approach enables one to apply 

lhe powct· of dimensional analysis method to the solution of the engineering 

economic problems. The Example 5.6 demonstrate this possibility. Other 

applicctt.ions can be fo-tmd in designing large-scale engineering systems. It 

Sl'Cms appropriate to use the symbol Sl$ for this extended system of units_ 

4.3 Buckingham-Riabouchinsky Theorem 

As a. matter of fact, all dimensional analysis is contained in the Buckingham-

Ria.houc.hinsky theorem2 • In a modern treatment [3], the theorem states that 

the m1rnber n. of dimensionles~ complexes is equal to: 

n =number of variables -rang of the dimensional matrix. 

Thus, the mathematical law describing a physical phenomenon can be ex

pressed as: 

G(K,,K,, ... ,Kn) = 0. 

This equation easily gives : 

]{1 = Pl(Kz, /(3, ... , I<n), 

or 

K2 = F2(l(I, K3, ... , Kn), 

etc. If n = 1, then /(1 = con st. 

The explicit form of the functions G and Fi (i = 1, ... , n) remains unde

termined in the framework of the dimensional analysis. Thjs is the major 

limitation of the method. The second one is the "foresight" required to choose 

the right complete set of variables and dimensional constants characterizing 

correctly the problem. 

2Russian scientist D.P. Riabouchinsky is well known as a author of the famous Rayleigh

Rmbouchinsky paradox. Buckingham himself gives the credit for general theorem of the 

dimenswnal analysis to Riabouchinsky (4, page 42]. The name 1!'-iheorem also is adopted 

instead of Buc.kmgham-Riabouchinsky theorem. 
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4.4 SI Units Reference Table 

Warning 1. Do not use protected symbol I as a name in inp11t data. 

Warning 2. Diana makes use of the system protected symbol Second. 

Name of Sl units for SI Units for 

Quantity Physics M alhenwlzca 

length ( r ,d,l) m Meter 

mass (m) kg Kilogram 

time (t) s Second 

electric current (i) A Ampere 

temperature (T) K Kelvin 

amount of substance (n) mol Mole 

luminous intensity (iv) cd Candela 

price in dollars(Pr) $ $ 

plane angle (a, (3, {, 0, ¢) rad=m/m Radian 

solid angle (f!,w) sr=m2 /m2 Steradian 

frequency (f,l') Hz =s~ 1 Hertz 

force (F) N =m kg s~ 2 Newton 

pressure (p) Pa=N/m2 Pascal 

energy (E,W) J=N m Joule 

power (P) W =J/s Watt 

speed (v,c) m s- 1 Meter/Second 

acceleration (a,g) m s-2 Meter Second--2 

momentum (p) N s Newton Second 

angular momentum ( L,J) ,) s Joule Second 

dynamic viscosity (J--l) P<l s Pascal Second 

kinematic viscosity ( v) rn2 s-1 Meter-2/Second 

surface tension (a) N m-1 Newton/Meter 

modulus of elasticity (Y,E) N rn- 2 Newton Meter--2 

]cj 

gravitational co11stant (C_v) 

Plcclric charge (e.q) 

electric potential( 6, ( '.V) 

capaci tan cc ( C') 

resistance (R) 

conduct a nee (G) 

rcsistiYit.y (p) 

conductiYity (a-) 

self-inducl<nlCT (L) 

magnetic I lux ( <!>) 

electric flux ( >l1 n) 

p<'rmittivily ( r_) 

pcrmca.hility (11) 

magnetic iuduction ( B) 

magnetic field (H) 

electric field (E) 

electric displaccmenl. (D) 

electric current density (J) 

magnetic vector potential (A) 

Pointing vector ( S) 

7\ lll2 kg-2 

C=A s 

V=W/A 

F=C/V 

f!=V/A 

S=A/V=n~r 

nm 
S/rn 

11=\\"h/A 

Wh=V s 

C=A s 

F/m=l'i y~z 

11/m= N A_, 

T=Wh/nr 2 

A/m 

V /m =N/C 

C rn- 2 

A m- 2 

Tm 
J m-2 s-l 

Newton Meter-2 

Kilogram--2 

Coulomb 

Volt 

Farad 

Ohm 

Siemens 

Ohm Meter 

Slemens/Meter 

Henry 

Weber 

Coulomb 

Farad/Meter 

Henry/Meter 

Tesla 

Ampere/Meter 

Volt/Meter 

Coulomb Meter~- 2 

Ampere Meter~-2 

Tesla Meter 

Joule Meter--2 

Second--1 

Ul<tgndic dipole mom<'n1 (n1, Jl) J T- 1=.·\ 111
2 Joule/Tesla 

clcc1.ric dipole moment (J>r,d ) C lll Coulomb Meter 

cnt.ropy(S) J l\.- 1 Joule/Kelvin 

Boll.zmCI!lTI consL-w!. (k) .] h- 1 Joule/Kelvin 

SLdan cotJ.'ilan( (a) \V Ill<! ]\·-I Watt Meter--2 

Kelvin--4 

A\'ugadro ('OJJstaJtl (N_.t) 

Losclnnidl cons!.i\1\l (n 0 ) 

lllolar nJass (l\1) 

].~"") 

ll\O]-I 

II I- J 

kg mol- 1 

!/Mole 

Meter--3 

Kilogram/Mole 

• 
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molar volume (Vn,) 

Faraday constant (F) 

molar gas constant ( R) 

luminous flux ( <l>v) 

illuminance ( E") 

activity (A) 

absorbed dose (D) 

absorbed dose rate (D) 

m 3 mol-' 

C moJ- 1 

J rnol- 1 K- 1 

lrn=cd sr 

lx=lm/m 2 

Bq=s-1 

Gy=J /kg=m2 s- 2 

Gy s- 1 

Meter"3/Mole 

Coulomb/Mole 

Joule/(Mole Kelvin) 

Lumen 

Lux 

Becquerel 

Gray 

Gray/Second 

dose equivalent (II) Sv=.J/kg=m2 s- 2 Sievert 

dose equivalent rate ({I) 

exposure (X) 

exposure rate (X) 

exposure rate constant (r) 

fiuence (<!>) 

l!uence rate ( <i>) 

radiation chemical yield (G) 

Implementation 

Sv s- 1 

c kg- 1 

C kg-1 s-1 

Bq-J m2 

C kg- 1 s- 1 

ITI- 2 

m-2 s-I 

mol ,J-1 

Sievert/Second 

Coulomb/Kilogram 

Coulomb Kilogram--1 

Second~-1 

Becquerel--1 Meter-2 

Coulomb Kilogram"-1 

Second--1 

Meter--2 

Meter--2 Second--1 

Mole/Joule 

(• :Title: Diana *) 

(* :Authors: Rudolf Muradian & Alexander Urintsev, 

Joint Institute for Nuclear Research, 

RU - 141 980, Dubna, Moscow Region, Russia. *) 

(* :Summary: The Diana package is intended for maklng 

dimenslonal analysis with Mathematlca. *) 
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(* :Context: Diana' *) 

(• :Package Version: 1.0 •) 

(* :Keywords: Dimensional analysis *) 

(* :Source: H. Langhaar. Dimensional Analysis and Theory 

of Models, Wiley, New York, 1951. *) 

(* :Mathematica Version: 2.2 forMS-Windows •) 

(* :Warn1ng: Makes use of system symbol Second. *) 

(* :Limitation: Do not use the system symbol I as a name in 

input data for the Diana package. *) 

BeginPackage[11 Diana' 11
] 

Print ["\n Diana: Version 1. 0, March 1994 \n 

by R. Muradian (1) & A. Urintsev (2) \n 

(1) Electronic address: muradianOtheor.jinrc.dubna.su \n 

(2) Electronic address: urintsevGsunse.jinr.dubna.su \n 

Type ?Dianar* for all exported symbols and \n 

?Diana, ?DIANA, ?toFU for help on the package. 11
, 

11 11
] 

(*********************** usage messages ***********************) 

Diana: : 11 Usage 11 = 

"Diana[{{name1, Slunit1}, {name2, Slunit2}, ... }] performs \n 

dimensional analysis and expresses outcome in the form: \n 

namel -> expr F(K2, K3, ... , Kn). Here Kl, K2, ... , Kn \n 

(with K1 = name1/expr) represent the complete set of \n 
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dimensionless parameters and F is undetermined function. \n 

Parameters K2, ... , Kn and expr do not depend on name!. \n 

If n = 1, the result is name! -> expr. 11 

DIANA: :"usage" = 

"DIANA [ {{namel, Siuni t 1}, {name2, Siunl t2}, ... } ] performs \n 

dimensional analysis and expresses outcome in the form: \n 

G(Kl, K2, ... , Kn) -> 0, where Ki represents the complete set \n 

of dimensionless parameters and G is undetermined function." 

toFU: :''usage" = 

"toFU[Siunit] transforms any combination of fundamental and \n 

derived SI units into fundamental SI units.'' 

F:: "usage" = 

"F is undetermined function of n-1 dimensionless variables." 

G:: "usage 11 = 

"G is undetermined function of n dimensionless variables 11 

(**************************** toFU ****************************) 
toFU[Diana'Private'x_] := (Diana'Private'x /. 

{Radian -> 1, 

Steradian-> 1, 

Newton -> (Meter Kllogram)/Second-2, 

Pascal-> Kilogram/(Meter SecondA2), 

Joule -> (Meter~2 Kilogram)/Second~2, 

Watt -> (Meter~2 Kilogram)/Second-3, 

Coulomb -> Ampere Second, 

Volt-> (Meter-2 Kilogram)/(Second-3 Ampere), 

Farad -> (Second-4 Ampere-2)/(Meter-2 Kilogram), 

Ohm-> (Meter-2 Kilogram)/(Second-3 Ampere-2), 
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S1ernens -> (Second~3 Ampere~2)/(Meter~2 Kilogram), 

Weber-> (Meter-2 Kilogram)/(Second-2 Ampere), 

Tesla -> Kilogram/(Second-2 Ampere), 

Henry-> (Meter-2 Kilogram)/(Second-2 Ampere-2), 

Lumen -> Candela Steradian, 

Lux -> (Candela Steradian)/Meter-2, 

Hertz -> 1/Second, 

Becquerel -> !/Second, 

Gray -> Meter-2/Second-2, 

Sievert-> Meter-2/Second-2}) //. 

{(D1ana'Private 1 a_~Diana'Private'p_)-Diana'Private'q_ :> 

Diana 'Private 1 a A(Diana 1 Private ~p Diana 'Private' q) , 

(Diana 1 Private 1 c_ Diana 1 Private'd_)ADiana'PriVate'r_ :> 

Diana'Private'c~Diana 1 Private'r * 
Diana'Pr1vate 1 dADiana 1 Private 1 r} 

(****************** fundamental SI units usage ****************) 

Map[(Evaluate[First[#]]: :"usage"= 

StringJoin[ToString[ First[#] ] , 

" is the fundamental SI un1t of " 

ToString[ Last[#]] 

J 
) &, 
{{Meter, "length."},{Kilogram, "mass."},{Second, "time."}, 

{Ampere, "electric current."}, 

{Kelvin, "thermodynam1c temperature."}, 

{Mole, "amount of substance."}, 

{Candela, "luminous intensity."}, 

{$, "price (dollar), according \n 

to the proposed extension of the SI units."} 

} 

J 
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$NewMessage [Second, "usage 11 ] 

Second:: "usage" = StringJoin [Second: :"usage", 

" It is also used as the fundamental SI unit of time."] 

(********************* derived SI units usage *****************) 

Radian:: 11 Usage" = 

"Radian is a dimensionless measure of plane angle." 

Steradian:: "usage'' = 

"Steradian is a dimensionless measure of solid angle.'' 

Map[(Evaluate[First[#]]:: "usage" = 

StringJoin[" 11 ToString[ First[#] ] , 

" is the derived SI unit of 11 

ToStr1ng[ Last[#]], 

"\n ", ToString[ First[#] ] , 11 = '', 

ToString[ InputForm[Evaluate[toFU[First[#]]]]] 

J 

) "· 
{{Newton, "force."}, {Pascal, "pressure."}, 

{Joule, "energy. 11
}, {Watt, "power. 11 }, 

{Coulomb, "electric charge."}, 

{Volt, "electric potential difference."}, 

{Farad, "capacitance."}, {Ohm, "electric resistance."}, 

{Siemens, "electric conductance."}, 

{Weber, 11 magnetic flux."}, 

{Tesla, "magnetic flux density (induction)."}, 

{Henry, ''Inductance."}, 

{Lumen, "luminous flux."}, 

{Lux, 11 illuminance (illumination)."}, 

{Hertz, "frequency."}, {Becquerel, "radioactivity."}, 

{Gray, "absorbed dose of radiation."}, 
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{Sievert, "dose equivalent."} 

} 

J 

Begin["Diana 'Private'"] 

(********************** fundamental SI unit·s ******************) 

FUnits = {Meter, Kilogram, Second, Amper~, Kelvin, Mole, 

Candela, $} 

(*************************** SI units *************************) 

Siunits = {$, Ampere, Becquerel, Candela, Coulomb, _Farad, Gray, 

Henry, Hertz, Joule, Kelvin, Kilogram, Lumen, Lux, 

Meter, Mole, Newton, Ohm, Pascal, R~dian, Second, 

Siemens, Sievert, Steradian, Tesla, Volt, Watt, 

Weber} 

( *********************** checking units ***-***""-***~'***'!'********) 

checkUnlts[n_, expr_] := Module[{i, wd =False}, 

Do [If [Unsameq [Complement [Variables [expr [ [i, 2]]], Biuni ts], 

{}], wd =True; Break(]], {i, n}]; wd] 

(********************** warning messages **********************) 

Diana: :"forbidden name"= "Symbol I is forbidden for use. 11 

Diana: :"wrong data" = 

"Problem cannot be solved. Check input for Diana. 11 

Diana: :"wrong units"= "Input units for Diana are not SI units.' 1 

DIANA: :"forbidden name 11 = "Symbol I is forbidden for use. 11 

DIANA: :"wrong data" = 

11 Problem cannot be solved. Check input for DIANA. 11 

DIANA: :"wrong units 11 = 11 Input units for DIANA are not SI units." 
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(************************* exponent ***************************) 
exponent[expr_, x_] := 

If[FreeQ[expr, x], 0, expr /. _ x-d_. :> Rationalize[d]] 

(**************************** Diana ***************************) 
Diana[expr:{{_, _}, {_, _} ... }] := 

Module[{a, b, i, j, k, m}, If[Not[FreeQ[expr, I]], 

Return [Message [Diana: : 11 forbidden name 11
]]] ; 

k = Length[expr]; If[checkUnits[k, expr], 

Return[Message[Diana: : 11 wrong units 11
]]]; 

m Length[FUnits]; 

a= Table[exponent[toFU[expr[[i, 2]]], FUnits[[j]]], 

{j, m}, {i, k}]; 

b = a[[Range[m], Range[2, k]]]; 

Check[a = Together[LinearSolve[b, Map[#[[1]]&, a]]], 

Return [Message [Diana: : 11 wrong data11
]]]; 

b = NullSpace[b]; m = k - 1; 

expr[[1, 1]] -> Product[expr[[j + ·1, 1]]-a[[j]], {j, m}] • 

If [SameQ [b, {}] , 1, 

F ~~ Table[Product[expr[[j + 1, 1]]-b[[i, j]], 

{j, m}], {i, Length[b]}]] 

(**************************** DIANA ***************************) 
DIANA[expr:{{_, _}, {_, _} ... }] := 

Module[{a, l, j, k}, 

If[Not[FreeQ[expr, I]], 

Return [Message [DIANA: : 11forbidden name 11
]]] ; 

k = Length[expr]; 

If[checkUnits[k, expr], 

Return[Message[DIANA: :"wrong units"]]]; 

a= NullSpace[Table[exponent[toFU[expr[[i, 2]]], 
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FUnits[[j]]], {], Length[FUnits]}, {i, k}]]; . -. . . 
If[SameQ[a, {}], Return[Message[DIANA: :"wrong data"]]]; 

G ~~ Table[Product[expr[[], 1]]-a[[i, j]l, {j, k}], 

{i, Length[a]}] -> 0 

End[] (+ DianarPrivate
1 *) 

EndPackage[] (• Diana •) 

6 Finish 

Computer experimcnt.a.Lion io the area of dimensional analysis ca.n help f9r 

hcttcr understanding of the old problems and gin:- impact into <;leeper philo

sorhic insight into new rcsca'rch fields. Diana can assist researchers in a broad 

Rcld of physics
1 

physical chemistry, engineering and perhaps economiCs. \Ve 

hope tha.t. Diana will help you to open t.hc door in~o marvelous "'i-ofld of the 

I\-1 athemaiica®l Physics. 

The file Diana.ma in 1\.Jalhcmalica Notebook format is in preparation. 
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MypaJlS!H P.M., YpHHQeB A.JL 
Diana: rrporpaMMa )],_JBI aHaJIH3a pa3MepHocTeH 

B KOMIIbiOTCpHOft CHCTCMC Matheniatica 

E2-94-110 

OrrHcaHw B03MO)I(HOCTH naKeTa Diana- nporpaMMhl o6:w;ero H33Hat.IeHH~, 
npe,U:H33H3t.IeHHOfi )],_JISI 3BTOM3TMl·IeCKO['Q H 6biCTpOro peiiieHH51 JII06hiX lj:>H3Ht.Ie
CKHX H HH)I(eHCpHbiX 33,U:31..J C IIOMOill,biO MeTO,U:3 3H3JIH33 p33MCpHOCTeH:, KOTO
pbrii pC3JIH30BaH B cpe;a:e CHCTCMbi Mathematica. lloJiyt.IeHHbiC pe3yJibT3Tbl 
HaXOARTCR a corJiaCHH c if>YHA3MCHT3JihHOH TeopeMoH: ByKHHreMa-PR6yrnHH
cKoro. IlpeA,,araeTcsr pawmpHTb Me>J<AyHapOAHYJO CHCTeMy eAHHHQ CY! no
cpe;a:CTBOM BKJIIOt.IeHHSI B Hee e;a:HHIUI,bl CTOHMOCTH ,[(JISI npoae.n,:eHHSI HH)I(eHep
H0-3KOHOMHt.ICCKHX pact.~eTOB a paMKax MeTo.n,:a aHaJIH33 pa3MepHocTeH. Pac
CMOTpeHa KOHIJ.CIIIJ.H51 Q:>HH3HCOBOro CKCifJJHHra. llaKCT Diana MQ)KCT 6b1Tb 
OOJIC3CH Q'>l1311KaM, XHMI1K3M, YIH)I(CHCpaM H 3KOHOMHCTaM. 

Pa6oTa BhiOOJIHCHa B Jia6opaTopMM TeopeTH1.1CCKoH Q:>H3HKH HM.H.H.Eoro
mo6osa H B Jla6opampnH cBepxBhlCOKHX 3Heprnif OYIS!YI. 

J"JpC!IpHIIT 061,CJ:U-IIICHII01'0 J.1HCTI-1T\rfa S!JlCpHbiX HCCJie):{OBaHJ.iH. )l.y6Ha, 1994 

Muradian R.M., Urintsev A.L. E2-94-ll 0 
Diana: a Mathematicu Code for Making Dimensional Analysis 

The poSSibilities of Diana, a general purpose Mathematica® code for 
performing Dimensional analysis, arc described. Diana provides automatic and 
quick solution For any problem in physics and engineering by the dimensional 
analysis method. The results arc in agreement with the basic Buckingham
Riaboushinsky theorem. The extension of the International System of Units 
(SI) is proposed for economic calculations. The new conception of the "financial 
scaling" is briefly considered. The code will be of usc for physicists, physical 
chcmisls, engineers and economists. 

The investigatiOn has been performed at the Bogoliubov Laboratory 
of Theoretical Physics and Laboratory of Particle Phys1cs, JINR. 

!'reprint or the Joint lnstitutc for \'udcar Research. Dubna, 1994 


