	Outline - One Dimensional Motion


	
	I. One Dimensional Motion

A. Displacement is the change in position of an object. It is represented by a directed line segment s. For motion in the x or y-direction, it is represented by x or y, respectively.

B. Speed is the distance traversed per unit time. The velocity v of an object is a specification of both its speed and the direction in which it is moving.

C. The average velocity [image: image1.png]


  of an object during a time interval t is the distance covered during this time interval, divided by the time t.

D. Instantaneous velocity is the velocity of an object at any instant of time.

E. For a case of constant velocity, the instantaneous velocity is equal to the constant velocity at all times.

F. Acceleration a is the rate at which an object's velocity changes per unit time.

G. The change in velocity may be in magnitude, or direction, or both.

H. For constant acceleration, the direction of the velocity does not change and the rate of change of the velocity is constant.

II. Motion in One-Dimension

A. Relations Among Descriptive Quantities

1. Velocity and Displacement

a. The slope of x versus t at any instant equals the velocity at that instant

b. The area under the v versus t curve from t = 0 to t = t equals the distance traveled, (x - xo)

2. Velocity and Acceleration

a. The slope of v versus t at any instant equals the acceleration at that instant.

b. The area under the a versus t curve from t = 0 to t = t equals the change in velocity (v - vo).

B. For Constant Velocity v

1. [image: image2.png]= constant






where x = position at time t and xo = position at t = 0. Rearranging, x function of t, x(t) = vt + xo (2c) compare with y function of x, y(x) = mx + b and see that a plot of x as a function of t gives a straight line with the slope equal to the velocity and intercept on the X-axis equal to xo.

2. Example in Fig. 1 below with v = 2.0 m/s
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a. For graph 1 in Fig. 1a, 

xo = 1.5 m and x(t) = (2.0 m/s)t + 1.5 m

b. For graph 2 in Fig. 1a, 

xo = 0 and x(t) = (2.0 m/s)t

c. Velocity v as a function of time t in (Fig. 1b above). For all times,
v = 2.0 m/s. A plot of v as a function of times gives a straight line parallel to the t-axis. The area under the v versus t curve = vt. From t = 0 to t = 1.0 s, vt = (2.0 m/s)(1.0 s) = 2.0 m = the distance moved. In Fig. 1a for graph 1, xo = 1.5 m and x(t = 1 s) = xo + area under v vs t = 1.5 m + 2.0 m = 3.5 m and x = 3.5 m at t = 1.0 s. In Fig. 1a for graph 2, xo = 0 and x = area under v vs t = 2.0 m and x = 2.0 m at t = 1.0 s. For all cases of constant velocity, a plot of v as a function of time yields a straight line parallel to the t-axis. The slope of this line is zero.

d. In Fig. 1 c above, the acceleration a is zero for all times. The area under a versus t is zero which corresponds to zero change in velocity. For all cases of constant velocity, a plot of a as a function of time yields a straight-line trough the t-axis.

C. For constant acceleration,
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1. a = (v - vo/(t - 0) = a constant.      (Equation 1')

Since the slope of v as a function of time t equals the acceleration, a plot of v versus t yields a straight line as shown in Fig. 2 above. The area under the curve of v versus t from t = 0 to t = t is the distance moved,  or: 

x - xo.

From Fig. 2, 

x - xo = vot + 1/2 (v - vo)t       (Equation 2')
Rearranging Eq. 1: 

(v - vo) = at                             (Equation 1")
Substituting Eq. 1" into Eq. 2': 

x - xo = vot + 1/2 at2              (Equation 2")
If you solve for t in Eq. 1' and substitute it into Eq. 2", you find 

v2 = vo2 + 2a(x - xo)               (Equation 3)
2. Important equations for motion with constant acceleration

a. v(t) = vo + at         (Equation 1)

Eq.1 gives velocity v at any instant as a function of time t.

b. x(t) = xo + vot + 1/2 at2       (Equation 2)

Eq. 2 gives the displacement x at any instant as a function of time t.

c. v2 (x) = vo2 + 2a(x - xo)      (Equation 3)

Eq. 3 gives the velocity v at any instant as a function of position x.
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3. Example in Fig. 3 above with a = 1.0 m/s2 and initial conditions, xo = 0 and vo = 1.0 m/s. For this case, 

a. v(t) = 1.0 m/s + 1.0 m/s2 t

b. x(t) = 0 + 1.0 m/s t + 1/2(1.0 m/s2 ) t2 
c. v2 (x) = (1.0 m/s)2 + 2(1.0 m/s2 )(x - 0)

d. acceleration a = slope of v vs t = 1 m/s2 (Fig. 3b)

e. area under v versus t graph from t = 0 to t = 1, x(1s) - (0 s) = (0.5 +1.0)m = 1.5 m. (Fig. 3b) x(1s) = 1.5 m + x(0 s) =
1.5 m as in Fig. 3a

f. area under a versus t graph (Fig. 3c) from t = 0 to t = 1 s, v(1s) - v(0 s) = 1.0 m/s. v(1s) = 1.0 m/s + vo = (1.0 + 1.0)m/s = 2 m/s (Fig. 3b) Slope of x vs t at t = 0 equals vo = 1.0 s. Slope of x vs t is positive and increasing (Fig. 3a) as is the velocity (Fig 3b).
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4. Sample Problem. A person tosses a ball up into the air from yo = 1.0 m with an initial velocity vo = 6.0 m/s (Fig. 4 above). Find the height to which the ball rises. Take g = 10 m/s2 .

a. Approach 1. We do not know the time the ball takes to get to its highest point or the value of y at that point. We do know that at the highest point the ball momentarily stops and then returns to the ground. At the highest point, v = 0. 

i. For a one-dimensional problem, we can indicate directions by a  "+" or  "-" sign. Choose up to be positive so a = -10 m/s2. v(t) = vo + at. At the top, v= 0 and 0 = 6.0 m/s - (10 m/s2)t and t = 0.6 s.

ii. y(t) = yo + vot + 1/2 at2 .
y(0.6 s) =
1.0 m + 6.0 m/s(0.6 s) - 1/2(10 m/s2)(0.6 s)2= 2.8 m

b. Approach 2. Use v2 (y) = vo2 + 2a(y - yo)
0 = (6 m/s)2 + 2(-10 m/s2 )(y - 1.0m) or (20 m/s2 )(y - 1.0m)
=36 m2 /s2 
c. Note in Fig. 4a, I show the path of the ball as it rises and falls. In Fig. 4b, I plot y as a function of time t. Note Fig. 4b is NOT a path.

D. Combination of Motions (Fig. 5a below)
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1. From t = 0 to t = 1, the plot of x as a function of time is not a straight line so this is not a case of constant velocity. The slope is positive and increasing so the velocity is positive and increasing.

2. From t = 1 to t = 2 s, the plot of x as a function of time is a straight line. This is a case of constant positive velocity.

3. From t = 2 to t = 3 s,the plot of x as a function of time is not a straight line so this is not a case of constant velocity. The slope is positive, but decreasing so the velocity is positive and decreasing.

4. At t = 3 s, the slope of x versus t is zero. The velocity at t = 3 s is zero. From t = 3s to t = 4 s, the slope is negative and increasing. The velocity is in the negative X-direction and it is increasing.

5. Fig. 5b below is a plot of velocity v as a function of time t. The analysis given in 4 above agrees with the results of this plot. We find the values of x for any time t from the area under the v versus t curve. As shown in Fig. 5b, the area under v vs. t from t = 0 to t = 1 s is 1.5 m and x(1s) = 1.5 m. The area under v vs. t from t = 0 to t = 2 s is 3.5 m and x(2s) = 3.5 m. The area under v vs. t from t = 0 to t = 3 s is 4.5 m and x(3s) = 4.5 m. The area under v vs. t from t = 0 to t = 4 s is (1.5 + 2.0 + 1.0 - 1.0)m = 3.5 m and x(4s) = 3.5 m.
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6. The slopes of v versus t for the various time intervals are given in Fig. 5b.

From t = 0 to t = 1.0 s, 

dv/dt = a = 1 m/s2
From t = 1 to t = 2.0 s, 

dv/dt = a = 0

From t = 2 to t = 4.0 s, 

dv/dt = a = -2.0 m/s2
7. The areas under a versus t gives the change in velocity. The initial velocity was 1.0 m/s. The change in velocity from t = 0 to t = 1.0 s is 1 m/s. v(1s) = 1 m/s + 1 m/s = 2 m/s. The change in velocity from t = 0 to t = 2.0 s is (1 + 0) m/s = 1 m/s v(2s) = 1 m/s + 1 m/s = 2 m/s. The change in velocity from t = 0 to t = 3.0 s is (1 + 0 - 2.0)m/s = -1 m/s. v(3s) = 1 m/s - 1 m/s = 0 m/s. The change in velocity from t = 0 to t = 4.0 s is (1 + 0 - 2.0 - 2.0)m/s = -3.0 m/s v(3s) = 1 m/s - 3 m/s = -2 m/s.

E. Motion with Constant Velocity as a Special Case of Constant Acceleration

1. For constant acceleration,

a. v(t) = vo + at (1) 

b. x(t) = xo + vot + 1/2 at2 (2) 

c. v2 (x) = vo2 o) (3)

2. For constant velocity a = 0 and the equations above become

a. v(t) = vo (1c) 

b. x(t) = xo + vot (2c) 

c. v2 (x) = vo2 (3c) Notice for v(t) = vo = constant, Eq. 2c above is equivalent to Eq. 2c in Section B1 on page 2.

III. Units 

A. Dimensional Analysis (Units are your friends!) 

1. Given an object moving with constant acceleration a = 4.0 m/s2 , an initial velocity of 5.0 m/s, and an initial position at t = 0 of 1.0 m, find its position at t = 2.0 s.

2. Let's say you make a mistake and write x(t) as

a. x(t) =? xo + vot + 1/2 at 

b. Substitute in the values that are given with their units 

c. x(2.0 s) =? 1.0 m + (5.0 m/s)(2.0 s) + 1/2(4.0 m/s2 )(2.0 s) 

d. This gives x(2.0 s) ‚ 1.0 m + 10 m + 8 m/s which cannot be true because m ≠ m/s

B. Conversion of Units

C. Change 60 miles/hour to ft/s

D. 1 mile = 5280 ft or 5280 ft/1 mile = 1

E. 1 hour = 3600 s or 1 hour/3600 s = 1

F. You do not change a quantity if you multiply it by 1

G. Thus 60 mile/hour x 5280 ft/mile x 1 hour/3600 s = 60(5280/3600) ft/s =
88 ft/s. Notice I have arranged the quantities equal to 1 so that the units of miles and hour cancel



	


	Review - One Dimensional Motion


	
	1.
A fast sprinter can cover 100 m in 10 s flat. (a) What is the average speed of the sprinter? (b) What would his time be for the mile (1610 m) if he could keep up the sprint pace?

	2.
If y = kx, where k is a constant, what is the effect on y: of (a) doubling x, (b) of halving x? (c) What does a graph of y as a function of x look like?

	3.
If y = kx2, where k is a constant, what is the effect on y: of (a) doubling x, (b) of halving x? (c) What does a graph of y as a function: of (i) x and (ii) x2 look like?

	4.
An object moves with a constant velocity of 15 m/s. (a) How far will it travel in 2.0 s? (b) If the time is doubled, how far will it travel?

	5.
An object, initially at rest, moves with a constant acceleration of 10 m/s2. How far will it travel in (a) 2.0 s and (b) 4.0 s? If this object had an initial velocity of 4 m/s, how far will it travel in (c) 2.0 s and (d) 4.0 s?

	6.

(a) An object moving with constant acceleration changes its speed from 20 m/s to 60 m/s in 2.0 s. What is the acceleration? (b) How far did it move in this time?

	7.

The speed of light is 3.0 x 108 m/s. Assume that the length of a "standard room" is 20 m (22 yards). How many "room lengths" can light travel in 20/3 s?

	8.

A pitcher throws a baseball with a velocity of 132 ft/s (90 mph) toward home plate that is approximately 60 ft away. Assuming the horizontal velocity of the ball remains constant, how long does it take to reach the plate?

	9.

An object moving with constant acceleration along a horizontal path covers the distance between two points 60 m apart in 6.0 s. Its speed as it passes the second point is 15 m/s. Find (a) the speed at the first point, (b) its acceleration and (c) the initial distance from the first point when the object was at rest.

	10.

Figure 1 is a plot of the displacement x of an object as a function of time t. The dashed vertical lines separate the one-second intervals. During the first time interval (#1 or t = 0 to t = 1 s) of Fig. 1 decide if the velocity of the object is (a) zero (b) constant and positive, (c) constant and negative, (d) increasing and positive, (e) increasing and negative, (f) decreasing and positive, or (g) decreasing and negative. (You may use a ruler to check the slopes of x vs t for the various time intervals.) Also decide for the same intervals if the acceleration is (note do not fix on one point in an interval) (h) positive (i) negative (j) zero. Explain your answers. Repeat the above for the other four time intervals in Fig. 1.
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	11.

A car is traveling along a straight level road at a speed of 80 ft/s (54.5 mph). The brakes of the car are capable of producing a negative acceleration of -20 ft/s2. (a) How long will it take the car to stop? (b) How far will the car travel in this time? (c) Now assume that it takes one and one-half second for the driver of the car to become aware of the need to stop and another half-second before her brakes take hold. How far will the car travel before it comes to a stop if we assume, as before that she was initially traveling with a speed of 80 ft/s? (d) If we take 15 ft as the length of the car, how many "car lengths" will the car travel in (c) before coming to a halt?

	12.

In Fig. 2 at t = 1.0 s, the velocity of the particle is +15 m/s. At t = 5.0 s, the velocity of the particle is -15 m/s. Are (a) the magnitudes of the velocity at these two times equal? (b) The directions of the velocity at these two-time the same?

	13.

Figure 2 shows the velocity of a particle as a function of time. (a) Find the acceleration for the five one-second periods and plot the acceleration as a function of time. (b) Taking x = 0 at t = 0, find the position of the particle at t = 0.5 s, t = 1.0 s, t = 2.0 s, t = 3.0 s, t = 4.0 s, and t = 5.0 s and plot the position as a function of time. Look at the slopes of your x vs t curve for the five one-second periods and show that they correspond to the velocities of Fig. 2.
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	14.
A ball thrown straight up takes 2.0 s to reach a height of 40 m. Find (a) Its initial speed, (b) its speed at this height, and (c) how much higher the ball will go. Take g = 10 m/s2.

	15.
A ball is thrown down vertically with an initial speed of 20 m/s from a height of 60 m. Find (a) its speed just before it strikes the ground and (b) how long it takes for the ball to reach the ground. Repeat (a) and (b) for the ball thrown directly up from the same height and with the same initial speed. Take g = 10 m/s2.

	16.
An object moving with a velocity of 10 m/s is uniformly decelerated, coming to rest in a distance of 20 m. Find (a) its deceleration and (b) the time for it to come to rest. Plot (c) its velocity v as a function of time t and (d) its position x as a function of t. Take xo = 10 m.

	17.
An apartment dweller sees a flowerpot (originally on a windowsill above) pass the 2.0-m-high window of her fifth floor apartment in 0.10 s. The distance between floors is 4.0 m. From which floor did the pot fall?

	18.
At a certain instant, a ball is thrown downward with a velocity of 8.0 m/s from a height of 40 m. At the same instant, another ball is thrown upward from ground level directly in line with the first ball with a velocity of 12 m/s. Find (a) the time when the balls collide, (b) the height at which they collide and (c) the direction the second ball is traveling when they collide. Take g = 10 m/s2.

	19.
Sketch a graph that is a possible description of position as a function of time for a particle that moves along the x axis and, at t = 1 s, has (a) zero velocity and positive acceleration; (b) zero velocity and negative acceleration; (c) negative velocity and positive acceleration; (d) negative velocity and negative acceleration. (e) For which of these situations is the speed of the particle increasing at t = 1 s?


	


 

 

