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First Week Kinematics of Motion

@ Assume all the motion is along a given line.
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First Week Kinematics of Motion

@ Assume all the motion is along a given line.

@ The position can be specified by a unique number: distance from
origin O.
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First Week Kinematics of Motion

@ Assume all the motion is along a given line.

@ The position can be specified by a unique number: distance from
origin O.
@ One side is denoted as "+"

Xi =+3.0cm .
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First Week Kinematics of Motion

@ Assume all the motion is along a given line.

@ The position can be specified by a unique number: distance from
origin O.
@ One side is denoted as "+", the other side "-"
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First Week Kinematics of Motion

@ Assume all the motion is along a given line.

@ The position can be specified by a unique number: distance from
origin O.

@ One side is denoted as "+", the other side "-"

@ The choice of O and the "+" side is completely arbitrary

D epartm’gnl Pizik
o
Physics Bliimii

1960

Altug Ozpineci (METU ) Phys109-MECHANICS PHYS109 28/50



First Week Kinematics of Motion

Definitions:

@ Displacement: the change in the position of an object Ax.

Ax = (final position) — (initial position)
= (80cm)—(-1.0cm)=4.0cm (1)

@ Average velocity: If At is the time that an object moves by Ax,

average velocity is
Ax

Y="A1

(@)
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First Week Kinematics of Motion

Definitions:

@ Displacement: the change in the position of an object Ax.

Greek Letters n)
A: Finite differences of any size m (1)
o: Finite differences of small size
@ Average ve d: Infinitesimal difference (smaller ves by Ax,
average vel than anything else)
RN @
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x(t)

B
32m
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02m ‘
O 1.0s 40s t

(3)

D epartm’gnl Pizik
o
Physics Bliimii

1960

Altug Ozpineci (METU ) Phys109-MECHANICS PHYS109 30/50



First Week Kinematics of Motion

x(t)

B
32m
|AX|
A |At|
02m ‘
O 1.0s 40s t
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x(t)

B
32m
|AX|
A |At|
02m ‘
O 1.0s 40s t

(3.2m)— (0.2 m)
(40s)—(1.09)

Vag = :1.0m/s
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First Week Kinematics of Motion

@ As the final time moves closer to the initial time, i.e. the point B
moves towards point A, we obtain the instantaneous velocity:

AXx . Xf— X dx
Vinst = I|m Vag = lim = lim =

= 4
t—t At r—t at (4)
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First Week Kinematics of Motion

@ As the final time moves closer to the initial time, i.e. the point B
moves towards point A, we obtain the instantaneous velocity:

v I|m v lim Ax — fim XX dx
inst = AB = tr—t; Al’ tr—t; l’f — ti - dt

v 4

@ If ot is a sufficiently small amount of time, the displacement during
this time is dx = vt
Xf = Xj + vot (5)
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First Week Kinematics of Motion

Question

If v(t) is know for all t € (1, tr), and a particle is at the position
x(t)) = xo initially, how can we find x(t) for any t € (t;, t)?
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First Week Kinematics of Motion

Question

If v(t) is know for all t € (1, tr), and a particle is at the position
x(t) = xo initially, how can we find x(t) for any t € (&, t)?

A: Assume 4t is sufficiently small and t; = ; + Nét.

X(t,' + 51’) — X(t,') = V(t,')5t
X(ti 4+ 20t) — x(t + 5t) = v(t+ dt)dt
x(ti + 30t) — x(t +26t) = v(ti+ 26t)ot

x(t+ Not =t) — x(ti + (N—1)5t) = v(lo+(N—1)5t) (6)
+

N—1
X(tr) = X0 = Y _ v(ti + két)t (7)

k=0 Dellarl.rgxignl @:;wk
Physics Bliimii
Read Zeno’s paradox! -
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First Week Kinematics of Motion

Question

If v(t) is know for all t € (1, tr), and a particle is at the position
x(t) = xo initially, how can we find x(t) for any t € (&, t)?

A: Assume 4t is sufficiently small and t; = ; + Nét.

X(t,' + 51’) — X(t,') = V(t,')5t
X(ti 4+ 20t) — x(t + 5t) = v(t+ dt)dt
x(ti + 30t) — x(t +26t) = v(ti+ 26t)ot

x(t+ Not =t) — x(ti + (N—1)5t) = v(lo+(N—1)5t) (6)
+

N—1 t
X(t) —xo= > v(ti+kst)at " [ v(t)dt (7)

k=0 ti Dellarl.rgxignl @:;wk
Physics Bliimii
Read Zeno’s paradox! -
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First Week Kinematics of Motion

Special Case: Motion with constant velocity vy:

In this case
N—-1 N—-1
X(tr) = xo = Y _ v(ti + ko)t = > vodt = voNot = vo(tr — 1)) (8)
k=0 k=0
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First Week Kinematics of Motion

Special Case: Motion with constant velocity vy:

In this case
N—-1 N—1
X(tr) = xo = Y _ v(ti + ko)t = > vodt = voNot = vo(tr — 1)) (8)
k=0 k=0
x(t) = vo(t — ) + Xo 9)

Note that for motion with constant velocity v = vy. Hence Ax = vy At

D epartm’gnl Fizik
o
Physics Bliimii
1960

Altug Ozpineci ( METU ) Phys109-MECHANICS PHYS109  33/50



First Week Kinematics of Motion

@ The same steps can be repeated for the change of velocity.
e a= 2% The unit of acceleration is m/s?
@ ajpst = limat_o %}/ =a
o v(t) = v(t)+ [, a(t')at’
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First Week Kinematics of Motion

@ The same steps can be repeated for the change of velocity.
e a= 2% The unit of acceleration is m/s?

T
: i";t —Acceleration is in the direction of Av,
() =" NOT in the direction of v. J
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Example:

Motion with Constant Acceleration. Initial conditions: x(0) = 0,

v(0) = 0. Realistic case: You stand at the top of a building. You are

holding a mass m in your and release it from rest outside a window.
@ Let a be the constant acceleration.

v(t) = v(0) + / Cadt = at (10)

0
@ The position:

x(t) = x(0)+/otv(t’)dt’

t

t
’
= /(at’)dt’: Ealr’2
0

1 2
=~ 11
2at (11)
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Dimensional Analysis

Most of the time, the final formula can be estimated unto overall
coefficients using dimensions only. Denote the dimension of any
quantity O by [O]

@ Dimension of x(t) is [x(t)] = m

@ The dimensionful parameters in the problem are the acceleration
a and the time t.

@ Assume x(t) = Aa“t' where A, k and / are numbers.
myk 3
[Aa"t] = [Alla*() =1 () s = m*s 2 (12)

@ x=Adt — k=1and/ -2k =0= x(t) = Aat®
e Explicit calculation shows A = 3.
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First Week Kinematics of Motion

@ In principle these steps can be done for the change in
acceleration, change in the change in the acceleration, etc.

@ Newton’s Laws tell us that this is not necessary
@ The acceleration of an object is determined by external effects.
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First Week Kinematics of Motion

Compare

Altug Ozpineci (METU)

t

K ()= x(0) + /O v(t)at (13)
t

W= v0)+ /0 a(t)ot (14)

Department Pizik
o
Physics Bliimii
1960

Phys109-MECHANICS PHYS109 38/50



First Week Kinematics of Motion

Compare
() = ‘;’I’; e x(f) = x(0)+/ot u(t)dt (13)
alt) = ‘;’I‘t’ — u(t) = v(0)+/0t a(t)at (14)

Integration is the inverse of differentiation
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First Week Motion in 3D and Vectors

Vectors

@ For motion that is not confined to a line, more than a number is
necessary to describe the direction.

@ A vector is a recipe for how to go to the point A from the origin.
@ A vector is a number and a direction
@ Origin is arbitrarily chosen
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First Week Motion in 3D and Vectors

y (m)
A
A
2/ ¥ A
| A
0 3 x(m)
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= (3,2)m (15)

(3mk+(2m)y (16)
= @Bmi+@m)j (17)
= (V13 m,arctan 2) (18)
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First Week Motion in 3D and Vectors

y (m)
A = (3,2)m (15)
A B mX+((2m)y (16)
ol A A = @m) +(2m)/ (17)
A = (V13 m,arctan= )(18)
| A = (28)m (19)
0 é X(m) ;4 = (\/ﬁm arCtang)
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First Week Motion in 3D and Vectors

Vector Operations-Multiplication by a number

@ A vector Ais a number (the length of the vector, |A|) and a
direction.
@ The vector A\A is another vector
e The length of M is |AA| = |A[|A]

e The direction of M is the same as the direction of A if \ > 0, and
opposite to AifA<0
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First Week Motion in 3D and Vectors

Vector Operations-Addition of Vectors

Geometrical Addition

y

h Nl

WL
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First Week Motion in 3D and Vectors

Vector Operations-Addition of Vectors

Geometrical Addition
B

y -
A

h Nl

WL
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First Week Motion in 3D and Vectors

Vector Operations-Addition of Vectors

Geometrical Addition

B
y

> O
I
h Nl
_|_
WL

h Nl

WL
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Vector Operations-Addition of Vectors

Geometrical Addition

I, Componentwise Addition
B C=A+B . . R .
y . @ A=AX+AYV+A2Z
A A © B=BX+ B,y +B,2
o C=Cik+Cyj + Cs2
o CX:Ax+Bx, Cy:Ay+By
B C:=A;+5B;
@ Ci=A+8B,i=x, yorz
O X )
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Vector Operations-Addition of Vectors

Geometrical Addition

I, Componentwise Addition
B C=A+B . . R R
y . @ A=AX+AYV+A2Z
T A = N N o
o C=Cik+Cyj + Cs2
oCx:Ax+Bx,Cy:Ay+By
B C;:=A;+8B;
o S OC,':A,'—I—B,',I':X,yOI’Z |
Subtraction
A-—B=A+((-1)B) J
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First Week Motion in 3D and Vectors

Vector Operations: Scalar Product

W

Altug Ozpineci (METU )

p N1

@ Scalar product gives a number from
two vectors

e A-B=|A||B|cosa
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First Week Motion in 3D and Vectors

Vector Operations: Scalar Product

Altug Ozpineci (METU )

p N1

@ Scalar product gives a number from
two vectors

o A.-B=|A||B|cosa
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First Week Motion in 3D and Vectors

Vector Operations: Scalar Product

W
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@ Scalar product gives a number from
two vectors

o A.-B=|A||B|cosa
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First Week Motion in 3D and Vectors

Vector Operations: Scalar Product

@ Scalar product gives a number from
two vectors

5 o A-B=|A||B|cosa
° Scalar product is linear:
o i A (aB+bC)_a(A B)+b(A C)
e X-X=y-y=2-2=1,
X-y=%X-2=y-2=0
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First Week Motion in 3D and Vectors

Vector Operations: Scalar Product

(W]

oL

_|_
@

(Y]
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luct gives a number from

B|cos a

igct is Iinﬁearﬁ: o
C)=a(A-B)+b(A-C)
7

Il
<> N

|
o -

N> N>
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First Week Motion in 3D and Vectors

Vector Operations: Scalar Product

W

Altug Ozpineci (METU )

@ Scalar product gives a number from
two vectors

e A-B=|A||B|cosa

I

o A :AxBx+AyBy+AzBZ
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First Week Motion in 3D and Vectors

Vector Operations: Vector Product

W

Altug Ozpineci (METU )

p N1

@ Vector product gives a vector from
two vectors

o |Ax B| = |A||B|sina
@ Direction of A x Bis glven by the right
hand rule. (A x B=—Bx A)
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First Week Motion in 3D and Vectors

Vector Operations: Vector Product

oL

Altug Ozpineci (METU )

@ Vector product gives a vector from
two vectors

o |Ax B|=|A||B|sina

@ Direction of A X B is given by the right
hand rule. (A x B= —B x A)

o AxB/=AB
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First Week Motion in 3D and Vectors

Vector Operations: Vector Product

oL

Altug Ozpineci (METU )

@ Vector product gives a vector from
two vectors

o |Ax B|=|A||B|sina

@ Direction of A X B is given by the right
hand rule. (A x B= —B x A)

e |Ax B|=AB,
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First Week Motion in 3D and Vectors

Vector Operations: Vector Product

ot

Altug Ozpineci (METU)

@ Vector product gives a vector from
two vectors

o |Ax B| = |A||B|sina

@ Direction of A X B is given by the right
hand rule. (A x B = —B x A)

@ Vector product is linear:

A-(aB+bC)=a(A-B)+b(A-C)
@ XXKR=pxy=2x2=0,
AxJ=2,8x2=—J yx2=X
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First Week Motion in 3D and Vectors

Vector Operations- Vector Division
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First Week Motion in 3D and Vectors

Vector Operations- Vector Division

Division by a vector DOES NOT exist!
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