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Chapter 37A: vectors § B: 2- Dim Kinematics

? Chpt 2: 1-Dim Kinematics V=o

(X )

? 2- Dim Kinemat ic:

Vo

. 3 - Dim Kinematiz

? ? ?
height

Range

(xy,z) adr.
phys 201
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EQNS 2 -  D i n  K n e w

a  =  c o n s t a n t

x= X. tV. t+?at
VE =V+24117-88

tiLs w/ a = constacc 'In

i r

a =-g
Vy = Vro TAyt

Y =Y+V,tT?ayt



A . Vedors

A vector is a mathematical constract (object,

that denoter magnitude and direction
magnitude shead A little

)O direction big

shafttai l

@properties

? vectors are equal if they have the
same magnitude and direction (the ste

2 = 5 = 2 *star far awaystar

i a + b
?  a d d i t i o n

head
tail on

placehead

a t a i l

commute atb=b ta

+ 16+12

È = diagonal
of-thall-ogram



scalar multiples of vectors

à  t h e  2 ã

à / 2

negate

?

?

tha said Revere direction

Subtract vectr
a -5 is really shorthand for artb)

+ 7 6  t h e  a t  i t "

b-à the is b-a

A  S a m e
l e n g t h

abo
b - a

opposi te direct ion



graphicallyperfor 2à-35+4 if|E

zà

"Resultant
vecter"

@ components of a vector: we can decompose

a vecter into two parts: one tox-axis an
one 1 to x-axis

cie, I to yaxisy

component à =àx tày

a x

X-component



? ? 9 5

ay

T h e

E X
?

graph

Q x

a= axX tayy
we also use

i for,
and I for y

X has a length of 1
I  has a length of  1

" y

9 = 2 6 - 3 5

26-31
-3J

a



them

? bracket notation , x-comporat
à =21-35 = <2,35 y-couponat

? vector additios with bracket notati
a =<2,-3>
5 = 4 1 , 2 7
2 = < 1 , 3 7

2 ? - 3 6  + 2
=252-37-35127 +2<-1,37

= 5 4 9 - 6 7 + 8 3 - 6 7 + 5 3
= < 4 - 3 - 2 , - 6 - 6 7 3 >

= < ? - ? >



? vector decomposition via trig

)30°

a =nall
length of

? ax=ACoso

Ay=asinO

o r

à=<2 coso, asiaO>

à = acoso i tasinos

? Calculating length of a rector: give à=<ax, ay y

H a l l
a

a x

? angle st a vector

since

O =  t a n "
A y

a x

=

a



F.

F

Applicatio
Top view od

30°N.tW
250lbs

( 8
300l657

4 0 °  N o t  E

mud 4oobs @20°S.fE

Q: What is the resultant Fare on the truck?
graphicelly

R= F i t  F ,  +  F
- 1/ -125°

F

consonat additor (Tables)

vecta x-comport
400 20°SFE 400 cos 200=375.8770

300 40° NotE300 cos 40º =229.8133

250 30 NFW 250 cos 30°=216.5064

points 389.18.39

7- consonat
- 400 sin 20º = - 136.8080

3005in 40° =192.8363

2505130°=125.0000

181.0280
w e s t

Ans: Resultant vecter = <389.184,181.0287

? magnitudeof net force = 1389118427181-0282 =429.23

a Direction O=tan" (384.029) = tan' (0.465) = 24.90



2- Dim Kinematics

A common problems in 2-8 is the projecti le prob

?  C l i f f
V.

Dropped
Ball

? Baseball

Top View?
1- Dimproble

"Dras a ball off the
c l i f f .uni torm spacing

No Acclin

Vo

?  4 0 m %
= -?40mls 5 4 0 m / s

-40m Too
40m/s sest

VIX

horizontally
vertically

second
b a s e

x=40m/s
= Voy-gt
y=Yo+ Voyt-29t?

s e e s



General 2-D Kinematic Eqns
Horizontal (x) vertical (y).
Vx = xo taxt Vy=Vystayt

X= XotVx t+zaxt y=YoNyttzayt

V2 V, = V8 + 2ay (y-%)

constant acc'la only
? Range Formula R = V, 2H

(Horizontel departare)

- Projectile Motion
? Range Formula in general, starting at

the ground and ending at the ground

2R= Va'sin(20)

? m a x  h e i g h t :  H = ?
Time of flight

2g t = 2 / V Sino
7

warning does not apply to non-level
applications mut un tha

EX Boxes



A stunt driver drives a car offadiff. (3)
Her speed is 30 m/s after crossting the threshhold.

the cliff is som High
Cal Whre does she lane
66) How long is she in the air?

(6) Diagram

I (+) 0) To=30+4, 104,3

H=50 m
origin

(010)

Data

> x (+)
r u n w a t e r

(a )  R=? X$

ax =0 ay =-g

(6)
t = ?

9=9.80/3/5=9.845

t .=0
x.= Om Yo= 50m

Seek X,@ timeof impact
( i ï  Formula  cho ice

30m/s
X = +Vx ?  x = v t

x =  3 0 m / s t

Q: How do we get"t''? § part b



Ans: to get t consider an object
dropped straight down from H=50m

(0,0) 1-D kinematics

time of flight t a y tH= 501

( + )

wait . . .  We do not khow the f inal
speed VI

? Back to the drawily board ...
? Nextegn.. . .H

4

H=2972 1 ? t =

Range formula: Muriz )

R= Vo 2H

(6) Time of flight = 2(50m)
9.81/2R=95.7m

100
9.8

t o f :=3.19sec



Place Kicker Cor Canon:

? (+) Vo

37°

= 2 0 m / s

t o f . = ?
= ?

R = ?

(a) Time to Reach max height?
Know : Xx =VoCosO

Vy =VosinO

V.

Vox

?Vx= 20m/s 603370 = 16.0m/s horiz.
? ?V7=20M/s 51370 = 12.01/s vert.

we want H? (Vertical proble hen)
Formulas:

5 0

=  Vy .

1 e

w e  n e e d  t
Quadratic Formula

f= f ina l

TopofAre . . .
/ys = 0m/s

Vy = 120m/s ,



Sulve
f o r

VIS=Vy.y. +2ay (95-5.)

(04) 12044) 7269-84 H-0)
- (12.0m/s)

? H = . = 7 . 3 4 7 m
- 2 ( 9 . 8 1 / 5 )

max he ight  is  7 .35m

6)  F ind  t ime o f  f l i gh t

So how we canuse
y =  y o t V y o t  F a y t

- O R -

V y  N g o  t a y t
easier

0=12-0445-9 -844- t

€ = 1 2 . 0 1 4 %
9.8m/s

+= 1.22 sec tined top
of arc

S



(6) Cont.
Total Tome I fl ight?

Etop

€ = 0

that=2.0top
that

t .  o f .  f l i g h t  =  2 ( 1 . 2 2 5 )

= 2 . 4 4 5
16.0015

D=vt(c) Range

R= Voxit

=(16,0/s (2.445)

R = 39.0m I soccer field.
= loufeet



(8

ding.

starting abovetth e  g r o u n d :  F i n d  t h e  r a n g e  R

7=20m/s --
0: 37°.

(1) origing (+)
I m

(2) elevation

R

(place origin at point of where ball leaves the bat.)

let Xu =0 X8=R want Vox=20c0537° = 12,0m/s

To =0 Voy = 205157° = 16.0015

want R
(il Free Body diagram

Fdrag

( i i i )  Formula:
Xf = Voxt

b u t  w e need 't "Ist; a opposite directions of
grav.ty-axis

(ir) Populste and solve: 1
- I m = 0 + 1 2 m / s - t - £ 9 . 8 1 2 =

? p u t  I n  Q u a d  r a t i c  e q u  f o r m :  ( * 2 )

0 = 2 + 2 4 6 - 9 . 8 7 3 > * - 1 1
+ 9 - 8 7 - + 2 4 + + 2 = 0 ÷2

4 . 9 + 3 - 1 2 + - 1 = 0
a x = + b x + c . = 0

2 ( 4 . 9  )

T.O.F. + = 2 . 5 3 5 ignore-0.0815

z a

R = Voy: t

=(16m/s (2,53 s)

1=40.48m



Vow

@ Relative Velocity

scenario of a boat crorsing ariver

If you point boat@ shove points

then you are pushed down
stream. Vw

So point boat upstrean

(3)

Ban

Bank

To coreet fo
the water point

V
WS I Di the boat upstream;

a compent of the
vector counteracts the stream...

? Vector Layout
Vws

Vos

Vow = velocity of boat wrt. Wate

Vos = vel of Bout wit, shore

Tws = vel of water wet shore

V
B W

= VBrAV



Exayele

The navigator of a large ferry needs
to point up stream ch order to cross a large river

and end up at the destination

Qi If MBw=1.854/s and Vus = 1.20 m/s

what direction does the navigator point?
V.
wS

Trig
BW Vis

sih f= opp
???

11V.wsll5140 =
Il Vowll

0  =  s i n "
1 . 2 0 m / s

1 . 8 5 m / s

0 = 40.44°5 pointing up stream

Qi  wha t  i s  the  speed  o f  ther bout wi shore?

§Radar gun speed fron port of departure?

Q3: How long to cross
if dist from shore to shor

1.85% = VBS2 + 1 . 2 0 2 is 1km?
1000m

VBS 11.852-1.20 =1.41 us 1.41m/s
t = 710 sec 12 min


