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Lecture L7 - Relative Motion using Translating Axces

In the previous lectures we have deseribod pacticle motion as 18 would be seen by an observer standing stall
at a hixed ongin, Ths type of motion 15 called ebseoluée motion. In many situations of practical interest,
wi find ourselves foreed to deseribe the motion of bodies while we are simaltancously moving with respoect
to a fixed reference frame. There are many cxamples where such situations occur. The absolute motion of
A passeneger inside an adreraft 15 best deseribed of we Best consider the motion of the passenger relative to
the arcraft, and then the motion of the wreraft relative to the groumd. If we try to track the motion of
atrcraft in the airspace using satellites, it makes sense to st consider the motion of the sareraft relative to
the satellite: and then combine this motion with the motion of the satellite relative to the carth’s surface. In

this lecture we will introduce the wdess of relatzre motion analyss.

Tvpes of observers

For the purpose of studying relative motion, we will consider four different types of observers (or reference

fraunes) depending on their motion with respect to a fised frame:
& observers who do not accclerate or rotate, e, those who at most have constant velocity.
e observers who acoclerate but do not rotate
s observers who rotate but do not translate
e observers who acoclerate and rotate

In this lecture we will consider the relative motion involving observers of the irst two types, and defer the

study of relative motion involving rotating frames to the next lecture.

Relative motion using translating axes

We consider two particles, A and B in curvilinear motions along two different paths. We desenbe thor
motion with respect to a hxed reference frome zyz with ongin O and with anit vectors 2, 7 and k, as boefore,
and eall the motion relative to this frame absolute. The position of particle A is given by v 4(f) and the
pusition of particle B s given by rg(t); both vectors are defined with respect to the fixed reference frame
(). In addition, it s wsehal in many problems to ssk " how would B deseribe the motion of A and how would

this deseription be translate to the fiesd inertial coordinate system O/



In order to answer thes guestion, we consider another franslafmg refoerence frame attached to particle B
'y’ 2", with unit vectors €, §' and k'. Translating means that the angles between the aces oz and ='y' 2

do not change during the motion.

In the figure, we have chosen, for convenience, the axes Tyz to be parallel to the axes ="y 27, bat it should be
clear that one could have non-parallel translating axes. (By our ground rules, these axis must not rotate,
e the angles between them must not changy; that possibility will be considered in a subsequent lecture.)

The paeation vector Tan defines the position of A with respect to poant B in the reference frame x’v's".

The subscript notation®A/B” means “A relative to B7. The positions of A and B relative to the alesolute

fraune are given by the veotors a4 and v, respectively. Thos, we have
rA=rn | TArn -
If wo denwve this exprossion with respoect to time, we obtain
Ta=7Fp | Fap or va=vg | vyp .

which relates the abesolute velocitios v 4 and v to the relative velooity of A as observed by B, Differentiating

arain, woe obtain an analogons cxproession for the accelerations,

I.':'I,i. 'I-':'“; I‘ r.-i_.l'.'l L iy — gy I u-l"-.lrrj =

We will now reverse the roles of A and B | askang " how would A desenobe the motion of B7 We now attach

the reference frame z'y'z" to A, and then we can observe B from A, The relative motion of B as scen by A

s mow denoted g, the position of B as seen by AL



[
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The same arpuments as before will gve as,

ron=7ral rposa, vp =va | Upsa, i = | apra -

Cromparing these expressions with those abowe, we see that

i — Tarn Unra — Yarn- QA — Qarn s

as expocted.

Cne important observation 15 that, whenever the moving system, say A, has a constant velocity relative
to the hxed system, (2, then the acccleration seen by the two observers 15 the same, 1o, ifay = 0, then
iy = apra. We shall see that this broadens the application of Newton's scecond law to systems which have

a constant absolute velocity.

Example Glider in cross wind

Consider a glider Hying above the edge of a clond which is aligned North/South (360%). The glider is Hying
horzontally, and the cloud s stationary with respect to the ground. At the altitude of the ghder flight, there

i A wind velocity, e, of magnitude 52 knots coming from the dircction 240° | as shown in the sketeh.
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