PC1134 Lecture 14

Topic
Differentiation of vectors
Objectives

To know how to differentiate a vector, when the
vector is given in Cartesian components (unit
vectors do not change) or in components in
polar coordinates (unit vectors also change),
and to be able to extend the procedure to other
coordinate systems.

Relevance

Many physical quantities are vectors and they
can depend on other variables. They may be
functions of time.
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Differentiation of Vector

Object moving in x-direction

z(t) (t) = z(t)Z
dx . . dx
v(t) = yr v(t) =v(t)x = g
dv d’z , . dz,
a(t) = = a(t) =a(t)z = T2

Object moving in y-direction

y(t) F(t) = ()3
d . . dy.

o(t) = o(t) = v(t)j = 23

dv  d% 4 . dy

alt) == =25 @) =ald)i= 733
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Differentiation of Vector

General case
m(t) =x()T +y(t)y + 2(t)2
T(t) = v (1) + vy (t)J + v,(2)2

dr _ oy Wy B2y
dat  dtt T T @

a(t) = az(t)T + ay(t)y + a.(t)2

di  dv,, dv,. dv,,
a- alTal T’
er _dz. &y Lz
dt  dert T aed T g2t

Any vector
At) = A ()3 + Ay ()] + A (t)2
dA  dA, L4y dA.
it at T at
dA .
—— IS a vector!
dt
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Differentiation of Vector

d - da- dA
“(aA) = —ZA bl
oA = gpAta
d -~ =~ - dB dA =
“(A-B)=A
dt( ) a T a
d . dB dA -
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Polar Coordinates

A (z,y) = (r,0)
r
6 T =rcosbt
y =rsinf
&
& ,
' A=A, ¢ + Ayég
0
A
Aq
e\ /7 A
r &
0
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Polar Coordinates

g = A, é, + Agég

4 _,
dt

e, and ég are not constant vectors!

dé, dég
0. —2 20
dt 70, dt 7
dA d
BT —— ArAr Agé
dt o (Arér & Asto)
dé, dA, dég dAg.
_ A, 4+ A
a T ar © o qr + ar ¢
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Polar Coordinates

€r = cosOZ +sinfy, ég = —sinb + cos by
S
Nt 8
| 6
r
0
dé, d A
i a(cosﬁx—l—smﬁy)
do do
= —sinﬁafﬁ—l—cosﬁag
do
= (—sinfz Oy)—
(— sin 0% + cos y)dt
dé, . db
_— €Ep—
dt — dt
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Polar Coordinates

déy _ d

i E(—smﬁx—l—cosﬁy)
do do
= —cosﬁazﬁ—sinﬁag
do
= (—cosfz —sinfy)—
(— cos 0% — sin 0y) o
deo __, &0
d  dt
dé, _ s do
dt — Cdi
dég . db
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Polar Coordinates

dA _ , dé,  dA,, L a0
dat  Tdt o at © o ar
de, 5 d_H
dat ~ Cdt
dés __, df
dt dt
dA do dArA dH
ar = Arglet g o — Aegylr

dA _ (dA, PR AL
dt  \ dt Oat ) dt

A

dAe ;
dt

)
rdt 0

€o
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