KINEMATICS Pt. |

Vectors

Position, displacement, velocity, and acceleration vectors

Graphical relations: position—velocity and velocity—acceleration

Examples

Universita degli Studi di Teramo




VECTORS

ﬁ
> // //
O CONCORDANT DISCORDANT
(parallel) (anti-parallel)
= same direction and same direction but
Vectora o a same sense opposite sense

The magnitude of the vector is

|_a>| = a and, graphically, it
corresponds to the length of the

EQUIPOLLENT
arrow. Equal in magnitude, sense, and direction

The origin of the vector is point
O.



VECTOR OPERATIONS
Vector Addition

B Vector sum

Actual path
N

The net displacement
is the vector sum.

a) A

Draw a and b tip to tail b
— to add them.

/
\
#‘\5 C Start Z:: P End
/

v

The resultant vector from the addition does not depend
on the order of the vectors being added.

The resultant goes
from the tail of @

> to the tip of b.
b)



VECTOR OPERATIONS

Vector Addition

(b)

200N

300 N

500 N

(a)

(c)

400 N
300 N

(b)

\\ A,

Ay \ Questo non &
A A, il
\ verso e sbagliato.

(d)

250 N
250 N

La somma é nulla

(c)



VECTOR OPERATIONS

Vector Subtraction

Vettori
da sottrarre

e

Opposto _
del vettore v

—

s

Traslazioneﬁ
del vettore -v

Metodo
punta coda

—

U

— —}\7
u-v
%
-V

Notare la collocazione
testa-coda per la somma.



VECTOR OPERATIONS

Vector Subtraction

Prima variante Seconda variante




VECTOR OPERATIONS

Vector—Scalar Product

/

The vector ¥ has

the same direction as u

the same sense as U if k > 0, opposite
sense if k < 0

magnitude k|u| = ku



OPERATIONS BETWEEN VECTORS

I versori sono diretti

Vector Components / Projections on x and y come gl ass,
Zz
y/
A i

Vy[rorrmmrr :A

. : |

\Y : Vy u y

: C

TA 9




OPERATIONS BETWEEN VECTORS

Vector Components / Projections on x and y

y
Vy """"""""""" :A
v ; &= —2i 4 9j
it <o
T Vx X
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OPERATIONS BETWEEN VECTORS

Vector Components / Projections on x and y

Vi

_ side opposite to 0
sin @ =

hypotenuse
side adjacent to 0
cos 0 =
hypotenuse
side opposite to 6
tan 0 =

hyp otenuse}______..--‘-"""'f-—

..,---\‘.,ll 0

side adjacent to 0

side
adjacentto 0

side
opposite to 0



VECTOR OPERATIONS

Algebra with Components

PE Gl r is equal to the vector (a+b): if
this is true, each component of r
r, =a,+ by must coincide with the
corresponding component of
— +
ry =a, + b, (a+b)
r,=a,+ b, Iwo vectors are equal if their
respective components are all
equal to one another
d=a+ (—b) dy=a,— b, d,=a,—b, d,=a,— b,

where d=d,i+ d,j+ d;k



VECTOR OPERATIONS

Dot Product

Dot Product of Vectors a and b («a dot by):

. 4
X a-b=abcosp
¢
> b
a)
All the terms on the right-hand side
Component of b along a
is b cos ¢ are scalars; therefore, the product @4
Multiplying these two !/ IS a Scalar!
GBS | Unit Vector Notation:
\a a-b = (ayi+ ayj + ask) - (byi+ bj + b,k)
\\ ] Eé \\\\ a-b= axbx + ayby AL azbz [Distributive Property]
Multiplying these other _— t _ > b
{t i th T
" g;)vrce;sducet. e H-u-_,__h rComponent of aalong b

is acos ¢



VECTOR OPERATIONS

Vector Product

e e Vector product of vectors a and b (“a vector b”’) = vector c,

perpendicolare sia ad a sia a b.

whose magnitude is:

c = ab sing

No Commutative Property: axXxb+bxa

Prodotto vettoriale Yes Distributive Property: a Xx (b + C) =aXb+axXc
1l pn}h:lullu vettoriale di due vettori
d e b éil vettore © che ha:
» modulo uguale ad absen a; g
» direzione perpendicolare al pia- r}? \\ o, .

no individuato dai due vettori; i | Wlth a // b 9 axXx b = O
» verso dato dalla regola della ma- B

no destra, illustrata nella figura. \ I\ Wlth a J_ b 9 |a X bl = max

Si indica con @ % b. \




VECTORS

POSITION, DISPLACEMENT,VELOCITY, AND ACCELERATION
Position Vector — Displacement Vector

. Al muoversi della particella
| il vettore posizione
y '|| deve cambiare.
V) A l'. Tangente Y
\ ’ — Questo &
iy Posizione 2 lo spostamento.
dell’oggetto
Traiettoria -
Origine X Origine X X
(a) (b)
r = x1 + yj + zk Position Vector
- A Ay A A

Ar = (xf—xl-)-l+(yf—yi)-] =Ax-1+Ay-]
Displacement Vector



POSITION, DISPLACEMENT, VELOCITY, AND ACCELERATION

Average Velocity Vector

velocita
media

X moto

VECTORS

Bp= =L LI = (L
ALty — ¢y

. _Axi+ij+Azk_Ax_+Ay_+Azk
i = At A Al T
Ax Ay



POSITION, DISPLACEMENT, VELOCITY, AND ACCELERATION
VECTORS

Instantaneous Velocity Vector

X A
""[t1} ‘“’“2}

X, moto

V= hm—=— v, = lim — V., = lim —=
X ’ Y At—0 At

Same direction and same sense as the displacement at that instant



POSITION, DISPLACEMENT, VELOCITY, AND ACCELERATION
VECTORS

Average Acceleration Vector T A ———

del vettore in questo istante.

. Ve —VU; AU Av Av ——
Clm = f ! _ — am’x — —_x P am’y — — ’/ay 3 \
tr —t; At At At N

Traiettoria ~

O X

S cliecien ardl sems carse s A LT E] = [




POSITION, DISPLACEMENT, VELOCITY, AND ACCELERATION

VECTORS
Instantaneous Acceleration Vector
.y Av  dv | Av, ’ Av,
a= lim —=— a, = lim — a, = lim —
At—0 At dt X At-0 At Y At>0 At




POSITION, DISPLACEMENT,VELOCITY AND ACCELERATION
VECTORS

Motion Diagram

A motion diagram shows an object’s position as a function of time

A - . - 4 - e
(a) ®
° ° o ° S o )t
)
= —_— — ———— — e
s = > @ o = >@
©




POSITION, DISPLACEMENT,VELOCITY AND ACCELERATION
VECTORS

Graphical Relationship Between Position and

The slope of the tangent to the curve

Vel OC ity at a point equals the instantaneous
y i 4 velocity at that point
Xg |peo=csoccoocoocoosooasg
X |[pe=msoosoo=soo=o X |peomossossosso
= 3
S s The slope of the chord
= = equals the average velocity
& & in a smaller time interval

I
| i The slope of the chord
KR-\""% equals the average velocity
1 in the time interval t; to t3
I
X1 F—-————7

1
: | |
t1 tz t3 t2

Time (t) Time (t)

Y
Y

€) (b)



POSITION, DISPLACEMENT, VELOCITY, AND ACCELERATION
VECTORS

Graphical Relationship Between Position, Time, and Velocity

Uy A

Ul——_

Ax

Uy = Umx = At

Ax

Ax = v, At (for constant v,.)




POSITION, DISPLACEMENT, VELOCITY, AND ACCELERATION

VECTORS

Graphical Relationship Between Position, Time and Velocity

Uy

Ax = v, At

|
|
|
||
||
At

L'rx A

/fmp;colo At, //

(a)

L'fx A

(c)

for non — constant v,



POSITION, DISPLACEMENT,VELOCITY, AND ACCELERATION
VECTORS
Graphical Relationship Between Velocity and Acceleration

t(s)
0

6 3 10 12

B—"

—
F i

Same graphical relationship as for
displacement and velocity:

* a, is the slope of the tangent at a given
point on the curve v, (t)
4

* Av, is the area under the curve a,(t)
over a given time interval
-6



POSITION, DISPLACEMENT, VELOCITY, AND ACCELERATION
VECTORS

Example A skater is moving along a level road with a speed of 8.94 m/s; after 120.0 s the road begins to incline (at an angle of
15°) and the skater maintains a speed of 7.15 m/s.
(@) What is the change in the skater’s velocity?
(b) WVhat is the skater’s average acceleration over the 120 s time interval?

f.94 tu[%-? S ml&—/( 19 WLlS — ‘Dﬂicq.umdnl,o
-qmu[s e =
\Jt_"\]'\

q =
V1= 894 wfs / ‘ \le Ad A
= _}_— >

d@‘l th — =\ mse ‘-t\S‘m(s 09* = 6QAl m(s
_@#—g y A 86 S
o d — o B0 =D \Sm(\ 026 = &
U Q“\ ¢
f iy = U ~ € 4 m(3




Ux =Vgx~ Vix =@>-@U—S.qd>w(s = - 2.03 M(s
Oy = Vpy - Ui —(ags—O)mls= A €S an(¢

,in.xs Al = 67(\)%14'0/101"” 9 44 w_ls

(NQV
( b
” ~\ Uy AL PR
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. e \ 9 "'{70.\& .\-,—;—-afau ?.D}\MlS
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POSITION AND DISPLACEMENT VECTORS,VELOCITY AND
ACCELERATION

Relative Velocity and Reference Frames

Cristina

i v Tommaso  Vrg

- - -
ATCS= ATCT + ATTS

- - ﬁ
| ﬂ.l‘TS = VTS&I &I‘CT = VCT&I‘

- o -
Ves = Ver T VUrs

| A¥cg = VesAL
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