Motion in 3D

¥ Motion in all 3 dimensions> Displacementelativeto
originis r=xi+yj+zk

¥ Motionis nowdescribedy r(t),i.e. bythree functions
x(t),y(t) z(t).



Average Velocity

¥ AverageVelocity:
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¥ Examplel: Motion in astraightline
¥ Example2: Motion in acircle



Instantaneous Velocity

Limit of averagevelocity for infinitesimally smalltime intervals:
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(= speedand direction.

Examplel:
Linearmotion

Example2: Circularmotion



Average Acceleration

¥ Same general idea:
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¥ NOTE: Depends on theector difference betweerv(t ,)
andv(t,), not on the position (remember: vectors can be
Omoved aroungloesnot generally have to be in the
direction of motion!



Instantaneous Acceleration

Limit of averageacceleratiorfor infinitesimally smalltime intervals:
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Examples:

- Carspeedingup: a is parallelto v

- Carslowingdown:a is antiparallelto v - Carturningleft: a points
sidewayqleft)

- Carturningright: a pointssidewayqright)

Canhave a! 0 evenif speeds constant!



Important Rules for Problem Solving

Distinguish carefully between average and instantaneous
guantities (velocity, acceleration). Watch out for change of
speedvs. change of velocitya| ! d|v|/dt

Distinguish carefully between position (displacement),
velocity, and acceleration.

Remembery pointsin thedirectionof achange of r, and
a points in the direction of éhange of v! If a points
alongv, the speed changes.dfpoints perpendicular te,
directionchanges.

You can treat the 3 components of the moxdt), y (t)
andz (t) separatelyn manycases.
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Motion In a circle

|a| = const.,a pointsperpendiculato v
=> speed| v | is constant.

dv =adt (perpendiculato v)

dp =|dv |/|v]|=[adt |/]|V]

w=dp/dt =|a|/|v| =const. =>
al=w|v]

Full circle: Distancetraveledis
D=2"R=|v|T = w=2"/T=|v]|/R
la|]=v?/R=w? R
Directiontowardscenterof circle =>
centripetalaccelerationa,
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Projectile Motion

3D motionin Earth®gravitationalfield
Neglectair resistance/friction/enerdgss

Motion occurswithin aplane:

Call horizontalpartof initial velocity v,,
Call verticalpartof initial velocity v,
Setz, =0.

Motion describedy
F(t) = x(t)i + y(t)§+ OR

l.e. by two functionsx (t), y (t);
z (t) = 0 by definition.



Basic Equations

¥ We can treat the horizontal pa(t)
of the motion independently from vertical pgt).

¥ Horizontal equations:
ax(t) — O ;Vx(t) - VxO = |VO| Cosa O;
X(t) = XO + Vth
¥ Vertical equations:
a(t)=-g ;
V() =Vy0-gt = [vo| SIN a5 -0t
Y(t) = Yo+ Vot -, gte



Examples |

¥ Example 1:
Horizontal launch
Vol =9 m/s; a,=0;
X=0m;y,=150m

=> 1 impact ?v impact ?X impact ?

¥ Example 2:
Maximum range for launch on ground
Ivol arbitrary ;o 4= 7?;
X=0m;y,=0m.

== t_impact?ximpact_?
Maximum for whicho , ?



Examples I

¥ Cart moving with constant horizontal velocity: Will ball
fall back into launcher?

¥ Cart moving with horizontal acceleration: Will ball fall
back into launcher?

¥ Cart moving down an incline: Will ball fall back into
launcher?
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¥ Choosex-axisalongramp

¥ x-component®f acceleratiorandvelocity areequal
¥ Motioniny isindependent
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ImportantHints for ProblemSolving

tOs safest to write down the motion independently for x
and y components

Get up to 4 equations to solve for unknowns
Use algebra as long as possible
tOs not always the best choice to have x horizontal

UseOredefinition®@ick (t ->t, ) to investigate a trajectory
Opiece by pieceO



