807 AP Physics

Roychowdhury


Calculus Based Kinematics Unit 1: H.W # 7
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Average  Velocity   v av =
displacement



time
=



x(t2) − x(t1)
t2 − t1



If  position  x(t)  is  given :



Instantaneous  velocity  v(t) =
dx(t)



dt
 and  acceleration  a(t) =



dv(t)
dt
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1. For a particle moving in 1 D, its position as a function of time is given by the function:       
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x(t) = 2t 2 − t + 4
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(a) What are the particle’s locations at times t1 = 0 s and t2 = 5 s?

x(t1) =





x(t2) = 

(b) What is the average velocity of the particle in the 5 s interval?

(c) What is v(t)?

(d) What are the instantaneous velocity values at times t1 = 0 s and t2 = 5 s?

v(t1) =





v(t2) = 

(e) Is the average of v(t1) and v(t2) equal to the average velocity of the particle in the 5 s interval?

(f) What is a(t) for the particle? 

2. For a particle moving in 1 D, its position as a function of time is given by

the function:        
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(a) What are the particle’s locations at times t1 = 0 s and t2 = 5 s?

x(t1) =





x(t2) = 

(b) What is the average velocity of the particle in the 5 s interval?

(c) What is v(t)?

(d) What are the instantaneous velocity values at times t1 = 0 s and t2 = 5 s?

v(t1) =





v(t2) = 

(e) Is the average of v(t1) and v(t2) equal to the average velocity of the particle in the 5 s interval?

(f) What is a(t) for the particle? 

CONCLUSION: The answers to (f) and (e) in the previous two problems provide a clue to an important relationship between quantities:

The average of velocities at two instants is equal to the average velocity between those two instants if the acceleration is _________________.
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If  a(t)  is  given  as  a  function  of  time  then



v(t) = a(t)dt  and  x(t) =∫ v(t)dt∫



dt = t + c;∫     t  dt =
t 2



2
+ c; ∫      t 2∫  dt =



t 3



3
+ c;



c  is a constant whose value may be determined using additional information










   

If a(t) is given as a function of time then
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 is a constant whose value may be determined using additional information

           

3. A particle moving in 1 D has an acceleration given by a(t) = -10 m/s2. Its velocity at time t = 0 is 20m/s and it is located at the origin at that time.

(a) What is the particle’s velocity as a function of time?

(b) What is the graph of v vs t for this particle?

(c) What is the particle’s velocity at times t1 = 0 s and t2 = 5 s? What is the significance of the sign of these numbers?

(d) What is the position of the particle as a function of time?

(e) What are the particle’s locations at times t1 = 0 s and t2 = 5 s?

(f) What is the average velocity of the particle between times t1 = 0 s and t2 = 5 s? Is it equal to the average of velocities you found in part (c)?

4. The instantaneous velocity as a function of time for a particle is given by:
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v(t) = t 2 − 5t + 6
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. It is located at x = 8 m at time t = 0.

(a) What is the particle’s acceleration as a function of time?

(b) What is the graph of v vs t for this particle?

(c) Is the velocity zero at any time? If yes, at what times?

(d) What is the significance of a zero velocity? What does the particle do at these times?

(e) What is the position of the particle as a function of time?

(f) What are the particle’s locations at times t1 = 0 s and t2 = 5 s?

(g) What is the average velocity of the particle between times t1 = 0 s and t2 = 5 s? 

(h) What are instantaneous velocity values of the particle at times t1 = 0 s and t2 = 5 s? Is the average of these two velocities the same as the average velocity you found in part (g) ? Why?
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