Rectilinear Motion notes:
“Rectilinear motion” represents an object moving back and forth linearly (either up/down or left/right) but not both at the same time (we will deal with that when we do vectors in BC).

Let s(t) represent the position of an object at any time t.  Position can be positive or negative – indicating whether above (rt) or below (lt) of the origin.

Average velocity on an interval [a, b], would be the change in position divided by the change in time:  
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v(t) = velocity of the object at any time t, or the instantaneous rate of change of position with respect to time = derivative of position (s’(t)).  This also can be positive or negative depending upon the direction of travel:  + up/right, - down/left.

Speed = absolute value of velocity

a(t) = acceleration of the object at any time t, or the instantaneous rate of change of velocity = derivative of velocity, v’(t) = second derivative of position, s”(t).  Acceleration can also be positive or negative depending on the rate of change of velocity.

When discussing what is happening with an object, usually helpful to know if it is “speeding up” or “slowing down” = speed increasing or decreasing.  To do this, must look at signs of BOTH velocity and acceleration and compare.  If same signs (ie. Both positive or both negative) then object is speeding up (speed is increasing), if opposite signs (one positive and the other negative) then the object is slowing down (speed is decreasing).

To put all of this together and “describe the motion” we like to make a chart.  See examples:
Ex.  The position function s(t) of a point P is given by s(t) = t3 – 12t2 + 36t – 20, with t in seconds and s(t) in centimeters.  Describe the motion during the interval [-1, 9].


*Note:  if they don’t give an interval, do (
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**Find v(t) and a(t) and do number lines!!!

v(t) = 3t2 – 24t + 36 = 3(t-2)(t-6) = 0    =>  t = 2, t = 6       -1___+_2___-____6____+___9

a(t) = 6t – 24 = 0    =>  t = 4



         -1       -            4        +             9






**I like to line up my # lines**
**Make a chart – break up your intervals anywhere v(t) = 0 or a(t) = 0.  **
	t
	v(t)
	Direction
	a(t)
	Speed inc/dec

	(-1,2)
	+
	Right/up
	-
	Dec

	t=2
	0
	changing
	-
	0

	(2,4)
	-
	Left/down
	-
	Increasing

	t=4
	-
	Left/down
	0
	Constant

	(4,6)
	-
	Left/down
	+
	Decreasing

	t=6
	0
	Changing
	+
	0

	(6,9)
	+
	Right/up
	+
	Increasing


**Note that when signs of v(t) and a(t) are the same, the speed is increasing.  When the signs are the opposite, the speed is decreasing.  Remember that speed  = absolute value of v(t), so if v(t) =0 then speed=0 too.  When a(t) = 0, the object is not accelerating so it is at a constant speed.

This chart “describes the motion” – this is all you need to provide.  You should show all derivatives and number lines.

Ex.  Suppose a weight is oscillating on a spring and s(t) = 10 cos (
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 where t is in seconds and s(t) is in centimeters.  Describe the motion on the interval [-1, 13].
v(t) = 
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= 0      => t = 0, 6, 12               -1  +   0    -    6    +      12   - 13  
a(t) = -
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= 0    => t = 3, 9

          -1      -      3     +      9      -    13
	t
	v(t)
	Direction
	a(t)
	Speed inc/dec

	(-1,0)
	+
	Up
	-
	Dec

	t = 0
	0
	Changing
	-
	0

	(0, 3)
	-
	Down
	-
	Inc

	t=3
	-
	Down
	0
	Constant

	(3,6)
	-
	Down
	+
	Dec

	t=6
	0
	Changing
	+
	0

	(6,9)
	+
	Up
	+
	Inc

	t=9
	+
	Up
	0
	Constant

	(9,12)
	+
	Up
	-
	Dec

	t=12
	0
	Changing
	-
	0

	(12,13)
	-
	down
	-
	Inc


**Should start to notice that charts USUALLY follow a pattern – which should make sense if you picture an object moving back and forth along a line**

Ex.  A projectile is fired straight upward from a 50 ft tall building with a velocity of 100 ft/sec.  From physics, its distance above the ground at any time after t seconds is given by s(t) = -16t2 + 100t + 50.

a) Find the time and velocity at which the projectile hits the ground.

b) Find the maximum altitude (height) achieved by the projectile.

c) Find the acceleration at any time t.

a) Need to figure out when hits ground =>  s(t) = 0  => Use quadratic formula  t = 6.7153517 sec.  Then find v(t) – take the derivative – and plug in 6.7153517 sec.  
v(t) = -32t + 100   =>   v(6.7153517) = -                     ft/s
b) Max height occurs when projectile is changing direction  - when v(t) = 0.  So find this and plug the time back into s(t) to get the height.
v(t) = -32t + 100 = 0  =>  t = 25/8 sec.  =>  s(25/8) =                     ft.

c) a(t) = v’(t) = s”(t) = -32 ft/s2 .   This should make sense to anyone who took physics as this is the gravitational constant when in these units.  If were in meters, then it would have been -9.8 m/s2.

** If looking at the graph of v(t), could determine info about s(t) just like determined information about f(x) given f ‘(x) – it’s the same thing!  We will look at some of these in class next week as a review.
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