PHYS 1410A  I1.14
Motion in 2d

Understand the relation between v(f) and a(¢) on a
roller coaster. Is gravity the only force?

3. The acceleration
vector points 1n the
direction of Av.

2. Both speed and direction
" are changing. a has components
parallel and perpendicular to v.

1. On the straight sections,
" where only the speed changes,
a is parallel or opposite to v. A
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3. Only the direction 1s changing
at this point, not the speed. Thus 4. The acceleration vector can
a is perpendicular to v. be decomposed into ¢ and a .



PHYS 1410A  II.15
Vector Components
Vertical component of ¥ Standard decomposition:

>\ U= v, (Di+ v, (0]

—_  Speed:

(1) = \[ Va1 + v,y (1)
Components:

V(1) = 57 = v(t) cos (0(1))

d

C

« Uy(1) = 57 = v(0)sin (0(1))

v = vy sinf

y

V.= v cosf \

Horizontal component of v

= ~

Message:
The vectors are described by Cartesian components (vy, vy),

or by magnitude v and orientation angle 6 (polar representatiorﬁ
_ yyld)
Newton’s 219 law in Cartesian coordinates: @0 (0(2) = 775

e practical and straighttorward
e sometimes not economical




PHYS 1410A I1.16 (b)
Understand Acceleration . -
nstantancous velocl y

standard decomposition of d .
effect on of /' not easily understood ; A
would like to see parts responsible for M-

e change in speed

e change in orientation 7 aeiletel o

Instantaneous convenient. J
acceleration
(@) The parallel
component results in
a change of speed. ; — d Ux» d UJ/ 2
& Instantaneous velocity a = 1 4 ]
: o/ dt dz
aII v
g C_i - —> —>
a‘ L a = a| + ay
Guided motion (roller coaster):
& he perpendicular K arallel/perpendicular force
Instantaneous component results 1n .
acceleration a change of direction. components is relevant
B,




PHYS ].4 10A II ].7 'l:I'1cI\-’c¥;L‘il}-" iIH tangent to the
) ) o L Circle. 1'he velocity vectors
Unlfo rm Clrcular MO tlon are all the same length.
Definitions: '
Period T =time to go once around
27T

Speed v = <=
Revolution 1rev=360° =2 rad

Radians 1rad = Irad x ;ff; 7 ~57.3°
Arc length s=r0, when 0 measured in rad )

Angular position ¢ changes with time ¢

y Position at

Angular velocity w is constantin ¢ s
In general: w = % a function of time ¢ \ o
xX=rcoswt , y=rsinwt, 0 =wt

43 = — Position
position vector 7 () = ¢ 0 A Ag O
r(t) = rcoswti + rsinwtj v(t) =7 '
- : 2 2 - 7 %
V() = —rwsinwti1 + rwcoswt ] a(t) = ¢ 0| o
a(t) = —rw’coswti— rw*sinwtj = —w*F¥ () Calculate v=17|, a=1al

. 2 .
v =w’r,ie,v=wr; a=w’r=% centripetal acc.



PHYS 1410A 11.18
Non-uniform Circular Motion
Use of planar vectors - overkill ?
One-dimensional approach ?
0(t),w(t)=0'(r), a(t) =w'(t) =0" (1)
Angular acceleration (1)
(constant, for now, i.e., a(f) = ap)

String tension force T provides a;

String is wound at radius r

spool’s mass ignored
compared to m

How does T
accelerate m ?

a;=v' (1) = —
m

, T
¢ _ _ do=w () = —
mr

The velocity is
always tangent to
the circle, so the
radial component
v 1s always zero.

The tangential
acceleration
causes the
particle to

change speed, «---....

l
| he radial OF 1===msenanns g

centripetal

causes the
particle to change /

direction.

Reference
line for
measuring
angles

-~ The angular velocity w 1s the
rate of change of 0. @ 1s
positive for counterclockwise
rotation, negative for
clockwise rotation.

How does w = v/r change ?

T
w(t)=w(t)+— (- 1)
nmr



PHYS 1410A 11.19

Non-uniform Circular Motion
Analogy to linear motion

Constant (angular) acceleration « yields:
linearly increasing (angular) velocity w(7);
quadratically increasing (angular) position
0(1) =0(8) + w(t) (- 1) + 3a0(t — 1)

Now change the winding radius on the spool
Mass m is at r, tension force applies at R
How does this change things ?

Archimedes’ (lever arm) principle Summary:
V=t > ay=a(D)=
at—v _rm a:o—a) —rzm IH,/(t):N
Re-write as: analog of mx" (1) = Fy
2
mr-a =RT For rigid bodies:
Looks like Newton’s 2™9 Jaw ? I=ymr?
Rotational inertia: I = mr® mass times distance squared ¥ geometrical factor
Torque magnitude: NV = RF arm length times force r characteristic length

Works for rotation about fixed axis only !



PHYS 1410A 11.20

The vertical component

SUP erpOSitiOn in MOtiOn of velocity decreases by  The horizontal
: : : : 2.8 mys ‘C""’CTF second. x:mnru:umnt of velocity
PrOJeCtlle motion without drag B 1S constant throughout
Shoot cannonball with 7; at an angle | - LSRG

Vi = (v3,0) ;vix=7; Vi,y = ¢
Vi,x = VicosO ; vy, = visinf

Ui = iv; cos O +jvi sin@

At all times: U(f) = 1v, (1) +jvy(t)

19.6

Newton’s 2”¢ (component form):

—X
ax(1) = Fxlm ; Cly(t) ~ Fy/m Velocity vectors are .
F,.=?2;: F,="7? shown every 1 s. v

Values are in m/s. When 1|1n_ |:| article returns
Ux(t)—(), Uy(t)—_g- V(1) =7, Vy(t):? to its initial height, v is
v, (1) = Vix ; Uy(t) = Uiy — gt. [X(t),y(t)] — 2 ﬂ])]']l“?ﬁllL its initial value.

x(£) = vixt; y(t) = viyt— %gt2 . How do we show this is a parabola ?
Eliminating ¢ in y(¢) = ... in favour of x(¢) does it. Find the time at which y(#) =0
=21,/ g . What is the horizontal displacement at this time ?

2Vj x Vj . . . S
x(f) = ——= = 2;1 sinfcosf . For which angle 0 is this maximized ?





