Example: Calculating Instantaneous Acceleration

« What is the rover’s instantaneous acceleration x =2.0m — (0.25m/s?)t?
at t = 2 s (magnitude and direction, angle to = (1.0 m/s)t + (0.025 m/s3)¢t3
+x)? Speed up?

v, a=128°

y (m)
d dx
— () =05 m/s? = ( ) =015 m/s*(t) 25| 4
g r=2ﬂs< ______
= —0.5 m/s? ay = 0.3m/s* : )

la| = /(—0.5)2+(0.3)2 = 0.58 m/s?

0.5 |- W
. 1 r=00s
tand = a,/a, = —0.6 0 = 149° T Y x (m)
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Acceleration for uniform circular motion

* Q: What 1s the magnitude of the acceleration?
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Acceleration for uniform circular motion

The black triangle and the green triangle are similar.
As Av VAS

= A Av = —
R % ¢ R

Av_v AS vz
“=Ar R\At) TR

 The magnitude of the acceleration is a,.,; = v*/R.

Q: What is the period 77 T =2ntR/v v=2ntR/T

* We also have a_,, = 47*R/T".
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An object moves 1n a horizontal circle (dimeter 2 m) at constant

Example: speed v m/s. In order to have an acceleration of 7> m/s?, what is the
speed that the object must have? How fast (7)) 1s the object turning
in the unit of revolution/min?

. . . a.,,=4m*R/T?
A. Speed is T m/s, T'is 2V/2 s. Q1: Known and unknown quantities?
- , a.q="VvR
B. Speed is — m/s, T'is 42 s. Arag =T = v?/(1 m)
V2 T=2nR/v
~C/Speedisnm/s,Tis2s. v="7ms r=?
D. Speed is 2m m/s, T'is 2 s. vV =71 m/s I'=2nR/v=2n(l m)/n =25

E. none of the above
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. An object moves 1n a horizontal circle (dimeter 2.0 m) at
Example. constant speed v (in units of m/s). It takes the object 10.0 s to

complete one revolution. What is the speed of this object?
What 1s the radial acceleration?

- 2 a,, = 4m*R/T*

:A,Speed 1S m m/s, radial acceleration is = m/s? T=2nR/v
a.q="VvR
2

B. Speed is 7;—5 m/s, radial acceleration is %m/s2

T - I'=10=2nR/v =2nl/v
C. Speed 1s - m/s, radial acceleration i1s e m/s?

. 277 . . L 2T, ) A

D. Speed i1s e m/s, radial acceleration 1s - m/s a.,=4m*R/T>=47*1/100
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Nonuniform circular motion

* If the speed varies, the motion 1s nonuniform circular
motion.

* The radial acceleration component is still @, = v*/R.

« But there 1s also a tangential acceleration component
a.,. that 1s parallel to the instantaneous velocity.
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Nonuniform circular motion

« If the speed varies, the motion 1s nonuniform Speed slowest, a,,q minimum, ay,, zero

circular motion. Speeding up; a,,, in ‘ Slowing down;
same direction as U ay,n OPPOSite to v

* The radial acceleration component 1s still
= v*/R.

* But there 1s also a tangential acceleration
component a,, . that is parallel to the
instantaneous velocity.

Speed fastest, a.,y maximum, a,,, Z€ro
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2-D motion under constant acceleration

* Constant acceleration equations in vector form of

R R R ~ ~ 1~ - R s v=v,+at
V= Vo + at r—r0=v0t+5at2 V2 = v+ 2a(r — 1) 0

L. . . : e — 1 4¢2
* Motions in two dimensions are independent components X—Xog =Vl +5at
. . R . . 2 2

 Constant acceleration equations hold in each dimension v =v +2a(x—xp)

Uy = VUpx T Axt, Uy = Vgy + Ayl x —Xy =5(v+vt

_ 1 .2 _ 1 .2
X = Xo = Voxl 5 ayxt", Y = Yo = Voyt T ayt x—x, =vi—Lat’
2 _ .2 2 _ .2
Uy = Vpx t+ Zax(x o xo), Uy = vOy + Zay(y _ yO)

v t = 0 beginning of the process
v' a = a, 1+ a,j where a, and a,, are constant
v Initial velocity vg = vg, 1 + vg, ] initial displacement 75 = xof + yof
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Hints for solving problems

Define coordinate system. Make sketch showing axes, origin.
List known quantities. Find vy, vgy, ay, a, et al. Show initial conditions on
sketch. List unknown quantities and which quantities you want to calculate.
List equations of motion to see which ones to use.
Time ¢ is the same for x and y direction!

xo=x(t=0), yo=y(t=0), vor=0(t=0), voy =1y(t=0).
Have an axis point along the direction of a if it is constant.

Uy = Vgy T Ay, . Vy, = Vgy + Ayt . o

| g g g 1 Y 4 4 5 List the quantities and
X = Xo = Vpxl 150yl Y=o =v0yt+_ayt equations for x and y
VY = gy + 2a,(x — Xo), vf = v§, + 2a,(y — yo) direction, separately.
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Projectile motion: constant acceleration

» A ball rolls off a table of height 4. The ball has

. . : +
horizontal velocity v, when it leaves the table. Y

* Q: How long (s) does 1t take to reach the ground?

Q1: What 1s the type of motion along x direction?

Uniform velocity along x direction h
Xo =2, X=0Vg =7, 0, =7,a, =7

Xo =0, x = vot, Vg, = Vg, Uy = Vg, A, =0,

Q2: What is the type of motion along y direction?

Free fall motion along y direction yo =0,y = —h,

Yo=Y =12vy =1,1v,=7a, =2, Voy = 0,1, = —gt,a, = —g,
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Projectile motion: constant acceleration

A ball rolls off a table of height 4. The ball has vy
horizontal velocity v, when it leaves the table. ,[ Yo

> +X

.
*e

. Q: How long (s) does 1t take to reach the ground?

For y direction: yo = 0,y = —h, | o
voy = 0,v, = —gt,a, = —g, Use y direction to

Vertlcal free fall: y — yg = — = gt2 —h solve t = \/2h/g

How far (m) away does

Use 7 to solve x direction: x — xg = vot = vg4/2h/g it strike the ground.
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Example: Projectile motion - airplane drops package

An airplane is flying horizontally at a speed

of 115 m/s. At a certain moment, it dropsa | .-
package. How far (m) away does package

strike the ground?

p . ‘u.,‘ﬁp | y=-1050m
Q1: What is the type of motion along x direction? % l “w i
| i
} " v

For x direction: xo = 0, x = vyt,
I Vox = Vo, Ux = Vg, Ay = Or
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Example: Projectile motion - airplane drops package

An airplane is flying horizontally at a speed
of 115 m/s. At a certain moment, it dropsa | .-
package. How far (m) away does package
strike the ground‘7

¥=-1050m

LS
NI =115 mis

_______________________________________________________________________________________________

Use y direction to solve ¢ Use 7 to solve x:
— /Zh/g = 14.64 s x = vot = 1.683 km
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Projectile motion: general case

7 e Cto * Set horizontal x horizontal, and y vertical.
ral Ny  Trytopickxyg =0,y =0att =0

Q1: What 1s the type of motion along x direction?

Uniform velocity along x direction

Horizontal: a,, = 0,vy, # 0

0 X Uy = Vgy T Ayt = Vg,

1
X — Xg = Vgyt + Eaxt2 = Vgt

2

Uy = vgx + Zax(x — xO) = ng
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Projectile motion: general case

7 jecto * Set horizontal x horizontal, and y vertical.
ré Ny  Trytopickxyg =0,y =0att =0

Q2: What 1s the type of motion along y direction?

Vertical up-and-down free fall

Vertical: a, = —=9.8 m/s?, vy, # 0

0 X Vy = Vgyy T ayt
1 2
Y — Yo = Vgyt +§ayt

v)% — vgy + Zay(y — Yo)
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Projectile motion: general case
* Trytopickxy =0,y =0att =0

raJeCtor

. y 5 ’
 Horizontal: a,, = 0, vy, # 0 ! Bo ¢
° 1 . —_— 2 Uny

Vertical: a, = —9.8 m/s yVoy # 0 0
®p
Horizontal v, = vy, + a,t = vy, 1% >
1 -T | Upy
X — Xg = Vgt + Eaxt2 = Vot
vZ =2+ 2a,(x — xp) = V2, For initial velocity, both v, # 0 and vy, # 0.

We need to decompose v to vy, and vy,,.

Vertical Vy = Voy * a31, t - If @, angle and v, are given, the x and y
Y — Yo = Voyt + > aytZ components of v, can be written as:
vy = vgy + 2a,(y — Yo) = VyC0SQa Voy = VpSinay
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Projectile motion: general case

* If ay angle and v, are given, the x and y
components of vy can be written as:

Al the top of the trajectory, the projectile has zero vertical
velocity (v, = 0), but its vertical acceleration is still —g.

va — v()COSC(O 4
X = Xg + Vgt = (Vgcosay)t | ; b jl[\

¥
=l

Voy = VoSina
vy = Vgy T Ayt = vysinay, — gt

1 | ‘
2 : , |
Y = Yot Voyt =5 gt
Horizontally, the projectile is in constant-velocity motion: Its horizontal acceleration

p— ] t —_ l t 2 is zero, so it moves equal x-distances in equal time intervals.
VpSind 2 g
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Example:

A projectile 1s fired from the ground with a velocity of 110.0 m/s at an angle of 40.0
degrees above the horizontal. What will be the range (the horizontal displacement) of
this projectile?

Both a angle and v, are given

Voy = VpCOSQ Vo = 110 X cos40° = 84.3 m/s
X = Xo T Voxt x=04+843t=1216m  Use ¢ to solve x
Voy = VoSinag Voy = 110 X sin40° = 70.7 m/s
Uy = Vgy + Ayt 1
Y 0y yl 0=04+707 Xt — E9_81:2 Use y to solve time

Yy =Y + Voyt — = gt*
T2 t =144
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Maximum height and range of a projectile

* Angle not given, what 1nitial angle will give the maximum range of a projectile?

| Voy = VoCOSQ X = (UO COS(XO)t A 45° launch‘angle gives the greatest range;
other angles fall shortef. .........._ -
‘on — vosinao vy — vosinao — gt ......::. b
: . : [ 5
Y= (psina)t— (1/2gt? et
"""""""""""""""""""""""""""""""""""""""" Launch %o ® # 8- '."-:
y = (vosinay)t — (1/2)gt2 =0 angle: ] = . .‘."
ay = 30° )
Use y to solve time t = 2vysinay/g % = 457 i g %,
Use ¢ to solve x:
: 1 1 : . 9
X = vycosagt = (vycosay)(2vysinay)/g Maximum height/longest fly time: a,"
x = (v3/g)sin(2ay) oy = 45 degrees
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