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While the term “translation” seems to be an unambiguous and well accepted term for 

non-rotational motions along a linear axis, the situation for rotations about orthogonal 
axes is less clear.  Indeed, many investigators of rotational seismology and engineering 
have noted substantial inconsistencies in our terminology.  It appears to the authors that 
some clarification of this matter is easily obtained from considerations of first principals 
and of precedents from physics and aeronautics.  These recommendations are illustrated 
by Figure 1. 

In the ideal, any such definitions should be “descriptive”, as pioneered by the Oxford 
English Dictionary and practiced by nearly all modern dictionaries.  Unfortunately, the 
needs of this special issue drive the following “proscriptive” definitions, though we do 
attempt to follow established systems where presently discernable. 

Fundamentals 
Terms like “tilt”, “torsion”, “rocking”, “spin”, and “twist” simply describe various 

forms of rotation, however, their definitions generally are not self-evident and there may 
be inconsistencies in their use.  “Tilt” seems to mean long-period rotations about a hori-
zontal axis; “torsion” to mean higher-frequency rotations or stresses about the vertical 
axis; and “rocking” to be the higher-frequency rotation of a structure about a horizontal 
axis.  “Spin” and “twist” are unclear at present in English, though widely used in the 
European literature; when published in English, these terms probably should not be used 
or should at least be well defined a priori.  The terms “tilt”, “torsion”, and “rocking” are 
less than desirable and should only be used with full, graphically supported definitions.  
In particular, “torsion” probably should be reserved for rotational stresses about any axis 
in any frequency band. 

At core, rotation is rotation is rotation — there need be only one description of the 
phenomenon.  In Cartesian coordinates at least, rotations always should be indicated by 
physics-based rotational “pseudovectors” oriented along the same axes used for transla-
tional motions and with the same signs.  These pseudovectors generally should be anno-
tated θ, φ, ϕ, or ψ and with a subscript indicating the axis (1, 2, and 3, or X, Y, and Z). 

Such motions are “rotational displacements” in units of mrad, degrees, etc., as in θX 
for rotational displacements about the X axis. (We note in passing that the SI abbrevia-
tion for “radians” is “rad” and for “seconds” is “s”, not “sec”, though the latter remains 
widely used and acceptable, while not preferred.  Please use units in the style “mrad/s”, 
not “milli-radians/sec” and so forth.) 



The capitals and script forms of these letters should be reserved for transformed 
equivalents, while rotational velocities, accelerations, etc. should be indicated as their 
time derivatives (e.g., 
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 for a rotational acceleration about X).  If in boldface, θ , rather 
than italics, the meaning is a vector of rotations, generally of three components; italics 
imply single components.  Some journals will enforce other usage. 

Right-hand-rule rotational “pseudovectors” are well defined and widely used in phys-
ics.  Any rotational pseudovector (not a true vector because it does not sum as would a 
true vector) is positive in the direction of your right hand’s thumb when the rotation is in 
the direction of your wrapped right-hand fingers.  For example, a rotational vector along 
the upward Z axis is counter-clockwise rotation in the horizontal plane, as viewed from 
above — an anti-azimuthal rotation. 

Further, in seismology, one generally uses a right-handed coordinate system com-
prised of (East, North, Up or X, Y, Z).  Note that this system is often presented at the sen-
sor’s output connector in a left-handed order, generally (Up, North, East), while some 
engineering and strong-motion seismology users prefer the right-handed presentation at 
the connector.  (Active-source seismology uses yet another standard, which is beyond the 
scope of this note.) 

Thus, let us settle on the right-handed system (X, Y, Z) as our single coordinate 
frame, with these axes commonly oriented either (East, North, Up) relative to the Earth or 
(Transverse, Longitudinal, Up) relative to the axes of a structure (the long axis of the 
structure being “Longitudinal”).  These axes may be presented at the connector as either 
(Z, Y, X) or (X, Y, Z) in increasing pin-designation order but should be described in the 
literature only as the right-handed system (X, Y, Z). 

Whether this coordinate system is relative to an inertial frame, to the Earth (i.e., to the 
structural frame of a seismometer), or to some other reference frame should be indicated 
by each author.  Earth and structural motions are generally referenced to the well-
anchored structural frame of a seismometer, thus to a slowly rotating Earth frame under-
going approximately constant upward gravitational acceleration.  If not otherwise stated 
by the authors of a paper, this frame of reference is implied and some means of canceling 
gravitational acceleration is generally provided. 

Terse Terminology 
While there is likely to be less agreement, there may also be an occasional need for 

terse English names describing rotational motions.  For these perhaps “pitch”, “roll”, and 
“yaw” suffice because they are venerable, well defined terms from aviation and ships and 
carry little or no seismological precedent to confuse the issue.  For example, see the defi-
nition of Tait-Bryan rotations at <http://en.wikipedia.org/wiki/Tait-Bryan_rotations> 
(notwithstanding the likely sign error for yaw in that illustration).  If used, “pitch” should 
be rotation about the X (right wing) axis, roll about the Y (forward longitudinal) axis, and 
“yaw” about the vertical (upward) axis.  “Pitch up”, “roll right”, and “yaw left” would 
then be the three positive rotations.  These conventions are illustrated by the like-oriented 
aircraft photo in Figure 1 (courtesy Paul Bowen Photography, Inc.). 



Conclusions 
In this Volume, we urge authors to uniformly use the terms defined in Figure 1 and 

not to use the terms “tilt”, “torsion”, “rocking”, “spin”, or “twist”; we leave to their judg-
ment the terse terms “pitch”, “roll”, and “yaw”, but if these terms are used, they should 
be used only in accordance with the definitions in Figure 1. 

 



Additional Terms: 
1. Angular velocity or acceleration — preferred terms are “rotational velocity” or “ro-

tational acceleration”. 
2. Drift — horizontal offsets between adjacent floors within a structure.  A particular 

form of strain. 
3. Inertial sensor — a translational- or rotational-motion sensor referenced to some 

stated frame and generally yielding one of the six degrees of freedom for velocity or 
acceleration.  The most common frame of reference for seismological inertial sensors 
is the slowly rotating, gravitationally accelerating frame of the Earth’s surface, as rep-
resented by the sensor’s structural frame. 

4. Inferred rotation — rotations, generally of an extended region or structural element, 
as inferred from translational motions at the periphery or by similar indirect means.  
Point rotation — rotational motions at a single point, generally measured by a dedi-
cated rotational sensor. 

5. Near field and far field — to be defined explicitly by authors.  Guidance might be to 
consider ray-path length or a comparable metric as measured from the nearest or cen-
troid point on the rupture surface(s) and perhaps normalized by rupture length.  Alter-
natives in terms of the magnitude of second-order source effects may be apropos.  
There is no consensus on these terms at present. 

6. Pendulum — a mass sliding in a translational pattern, as for multiple-cantilever sus-
pension, or attached to a (generally rigid) arm and pivoting about an axis, as in many 
accelerometers and broadband velocity sensors.  Pendula are commonly constrained 
by a restoring force plus damping either mechanically or through feedback circuits.  
The intended direction of mass motion for measurement of frame motion or force is 
the active axis of the pendulum.  Most seismic sensors are based on one or the other 
of these forms of constrained pendulum though a few are based on magnetohydrody-
namic and other phenomena.  Pivoting pendulum — a pendulum which rotates on a 
(generally rigid) suspension pivoted about some axis (e.g., the pendulum of many 
modern force-balance accelerometers and broadband seismometers).  Because the 
mass-arm may rotate away from the normal to input motions, this design may be sub-
ject to accelerations along the axis of the arm; this effect is minimized in force-
feedback designs, which remain nearly centered for all input motions.  Such devices 
are directly affected by rotational accelerations about the pivot axis.  Translational 
pendulum — a pendulum which moves only in a translational path (e.g., the mass 
and surrounding cantilever springs of a common geophone).  This design has mini-
mum sensitivity to off-axis translational and rotational accelerations but retains sensi-
tivity to Coriolis forces. 

7. Rotation — the rotational displacements indicated θX, θY, and θZ in Figure 1. 
8. Rotational motion — rotational displacement, velocity, acceleration, or any other 

derivative about any axis. 
9. Rotational velocity and rotational acceleration — the first and second time deriva-

tives of rotation. 
10. Sagnac Effect/Sagnac Interference — interferometric phenomenon encountered in 

rotating systems, generally in ring-laser and fiber-optic gyroscopes.  In seismology, 



these phenomena are most often described and measured in the frequency domain (a 
beat frequency) rather than in the spatial domain (interference fringes). 

11. Strain — rotational strains should also be defined in terms consistent with Figure 1 
(e.g., “σX” for torsion applied about the X axis, far side relative to near when looking 
out along the positive axis) but the optimal description and preferred signs are not yet 
agreed by the authors. 

12. Translational motions — The displacements indicated uX, uY, and uZ in Figure 1.  
“Translational” is preferable to “linear” because the latter conflicts with matters of 
linearity vs nonlinearity, for example in soils and instruments. 

13. Vorticity — the seismic-rotations community may wish to consider use of this estab-
lished fluid-dynamics term to define rotational strain rates, but we do not do so here. 


