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Dimensional analysis  

As we have already mentioned, length, mass, and time are three fundamentally different quantities which are measured in three 
completely independent units. It, therefore, makes no sense for a prospective law of physics to express an equality between (say) a 
length and a mass. In other words, the example law  

where  is a mass and  is a length, cannot possibly be correct. One easy way of seeing that Eq. (1.3) is invalid (as a law of 

physics), is to note that this equation is dependent on the adopted system of units: i.e., if  in mks units, then  in fps 

units, because the conversion factors which must be applied to the left- and right-hand sides differ. Physicists hold very strongly to the 
assumption that the laws of physics possess objective reality: in other words, the laws of physics are the same for all observers. One 
immediate consequence of this assumption is that a law of physics must take the same form in all possible systems of units that a 
prospective observer might choose to employ. The only way in which this can be the case is if all laws of physics are dimensionally 
consistent: i.e., the quantities on the left- and right-hand sides of the equality sign in any given law of physics must have the same 
dimensions (i.e., the same combinations of length, mass, and time). A dimensionally consistent equation naturally takes the same form 
in all possible systems of units, since the same conversion factors are applied to both sides of the equation when transforming from 
one system to another. 

As an example, let us consider what is probably the most famous equation in physics:  

Here,  is the energy of a body,  is its mass, and  is the velocity of light in vacuum. The dimensions of energy are 

, and the dimensions of velocity are . Hence, the dimensions of the left-hand side are , 

whereas the dimensions of the right-hand side are . It follows that Eq. (1.4) is indeed 

dimensionally consistent. Thus,  holds good in mks units, in cgs units, in fps units, and in any other sensible set of units. 

Had Einstein proposed , or , then his error would have been immediately apparent to other physicists, since 

these prospective laws are not dimensionally consistent. In fact,  represents the only simple, dimensionally consistent 
way of combining an energy, a mass, and the velocity of light in a law of physics. 

The last comment leads naturally to the subject of dimensional analysis: i.e., the use of the idea of dimensional consistency to guess 
the forms of simple laws of physics. It should be noted that dimensional analysis is of fairly limited applicability, and is a poor 
substitute for analysis employing the actual laws of physics; nevertheless, it is occasionally useful. Suppose that a special effects 
studio wants to film a scene in which the Leaning Tower of Pisa topples to the ground. In order to achieve this, the studio might make 
a scale model of the tower, which is (say) 1m tall, and then film the model falling over. The only problem is that the resulting footage 
would look completely unrealistic, because the model tower would fall over too quickly. The studio could easily fix this problem by 
slowing the film down. The question is by what factor should the film be slowed down in order to make it look realistic?  
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Figure 1: The Leaning Tower of Pisa
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Although, at this stage, we do not know how to apply the laws of physics to the problem of a tower falling over, we can, at least, make 
some educated guesses as to what factors the time  required for this process to occur depends on. In fact, it seems reasonable to 

suppose that  depends principally on the mass of the tower, , the height of the tower, , and the acceleration due to gravity, 

. See Fig. 1. In other words,  

where  is a dimensionless constant, and , , and  are unknown exponents. The exponents , , and  can be determined 

by the requirement that the above equation be dimensionally consistent. Incidentally, the dimensions of an acceleration are 

. Hence, equating the dimensions of both sides of Eq. (1.5), we obtain  

We can now compare the exponents of , , and  on either side of the above expression: these exponents must all match 

in order for Eq. (1.5) to be dimensionally consistent. Thus,  

 

It immediately follows that , , and . Hence,  

Now, the actual tower of Pisa is approximately 100m tall. It follows that since  (  is the same for both the real and the 

model tower) then the 1m high model tower falls over a factor of  times faster than the real tower. Thus, the film 

must be slowed down by a factor 10 in order to make it look realistic. 
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Experiment & Algortihmic Model
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Fractures: Experiments
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fluid flow at steps

Video camera

IR camera

Laser
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heat diffusion flow at steps




Pump High pressure mixing chamber
CaCO3 + H2O + CO2, 10 bar

CO2

hydrothermal system in lab

H2O
•pH at start and end of “pools” similar to Troll springs
•300 mg/l Ca at start of pools (260 mg/l is equilibrium)
•500 mg/l is equilibrium conc. at 10 bar, 20 C
•improve with: powder, filter, higher pumping capacity, 
cooling, tilting + rough base



sodium chloride pools

NaCl

cooling

hot water bath
pump



sodium chloride pools



Ice, Oslo



Compaction of plastically deforming grains
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Compaction of plastically deforming grains
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Compaction of plastically deforming grains



Compaction by pressure solution creep
• Dissolution of 

stressed surface of 
solid 

• Diffusion of 
dissolved mass

• Precipitation on less 
stressed surface of 
solid

Static packing models:



Pressure solution

stylolite between two calcite
of sea-urchin fossils

mica indenting a quartz



Experimental set-up



Sample holder – single grain
experiments



Ångstrøm resolution 
capacitance dilatometry

Forced thermal oscillations
Electrical, thermal and 
mechanical limits to:

•Resolution, ±0.2 Å
•Stability, ±5 Å in one hour, 
±100 Å for > 100 hours











Natural quartz

Experimental calcite

Gel + olive oil

Experimental quartz
Gel + motor oil
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