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Essential Algebra of Physics: Isolating Variables 
This document covers the level of algebra necessary to be successful in Physics.  This is nothing to fear!  There are only two rules 

to follow.  As long as you remember to follow the two rules, you will learn that Algebra of High School Physics is as easy as 

playing a board game or sport that only has two rules without exceptions.  That makes this easier than learning to play Uno or 

Chess! 
 

THE TWO RULES: 

1. Do the opposite function. 

2. Do it to both sides. 
 

Detailed Explanation of these two rules: 

1. You want to isolate (or often worded “solve for”) the desired variable.  To do this you must identify how other variables 

are attached to the variable you want isolated (alone on one side of the equal sign). 

a. Undo addition and subtraction first.  (Addition is opposite of subtraction) 

b. Then, undo multiplication and division.  (Multiplication is opposite of division) 

c. Lastly, undo square (n2) and square roots.  (Squaring is the opposite of square root) 

2. You must always do the same thing to everything on both sides of the equation, so if you multiply everything on the right 

side by 5 you must also multiply everything on the left side by 5.  

Examples:   same idea as… 

 

PRACTICE – Do these on your own paper (Just like sports, games, arts, etc., you must practice to get good or you will likely be 

a loser of the game.): 

1. Solve for y in:   x + y = z 

2. Solve for m:   𝐷 =
𝑚

𝑉
 

3. Solve for b:   a2 + b2 = c2 

4. Solve for t:   vf = at + vi 

5. Solve for v:   Ek= ½mv2 

6. Solve for R:   a = 4π2Rf2 

 

 It is often easier to work on a problem if you manipulate the equation, solving it for the unknown, before any substitutions are made.  

Remember Algebra? 

and voila! v
t

d
  or 

t

d
v   Example: d = vt is the original equation; solve it for v;       

 Extra Explanation:  d = vt states that ‘d’ equals ‘v’ times ‘t’.  In order to isolate ‘v’ from ‘t’ one must use the 

inverse, or opposite, function.  Since ‘v’ is multiplied by ‘t’, one must divide.  

Practice:    Solve each equation below for the variable indicated. 

 

15)    F = ma solve for m solve for a 

 

16)    d = ½at2 solve for a solve for t 

 

17) 𝑭 =
𝒎𝒗𝟐

𝑹
   solve for m solve for v solve for R 

 

18)  vf
2 = vi

2 + 2ad solve for a solve for d solve for vi 

 

Solve for a. 

 vf = at + vi 

Subtract vi from both sides to get it away from ‘a’.  

Then divide by ‘t’ on both sides to isolate ‘a’. 

 vf = at + vi 

          -vi -vi 

 vf – vi = at 

 (vf – vi)/t = (at)/t 

  (vf-vi)/t = a    so  a = (vf-vi)/t 

Solve for m. 

 y = mx + b 

Subtract b from both sides to get it away from ‘m’.  

Then divide by ‘x’ on both sides to isolate ‘m’. 

 y = mx + b 

          -b  -b 

 y-b = mx 

 (y-b)/x = (mx)/x 

  (y-b)/x = m    so  m = (y-b)/x 

t

vt

t

d
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Introducing Acceleration  
It is rare for the velocity of any object to remain totally constant.  For example, when driving a car you are constantly speeding up 

or slowing down to some degree.  A change in velocity is called acceleration. Whenever you increase your speed, it is a positive 

acceleration.  When the speed is decreased it is called a negative acceleration. Typically in physics we do not use the word 

'deceleration'.  Instead, we think of slowing down as a negative acceleration.  This allows us to use the same formula for speeding 

up and slowing down.   

 Remember that velocity is a vector quantity that both tells us a speed and a direction, so if either the direction or speed 

of an object changes then we have acceleration.  Direction is always measured in a straight line so if you are in a car as it goes 

around a curve then your direction is changing and you are accelerating.    

 

  

 

 

 

 

 

 

 

 

 

 

However, more than changing speed or direction is important to acceleration.  If you go for a ride in a Ferrari Testarossa it will be a 

very different experience from a Volkswagen Bug.  In both cases you may go from 0 to 60 miles per hour.  However, in the Ferrari 

you can accomplish the change in speed in about 6 seconds.  In the Volkswagen it might take about 60 seconds (if you were going 

downhill).  You would even feel different.  In the Ferrari you would be pasted against the seat.  In the Volkswagen you might not 

even spill your Coke.  So you should realize that how rapidly the change in speed takes place is very important.  In equation 

terms, this means;  

where a is the acceleration, t is the time for the change in speed, and Δv is the change in the 

speed, found by  

 

  

Think about the units of acceleration.  Remember that v is in m/s when using MKS 

units, or cm/s in CGS units, always a 'distance unit'/ 'time unit'.  And t is in s, but it 

could be in any time unit. This means that a will have a distance unit (like meters) 

divided by a time unit (like seconds) divided by another time unit (like seconds again!). 

The time units are often the same, although they do not have to be.   

 

Example 1: You start from a stoplight and accelerate to 65 mi/hr. You are in your 

Ferrari so it only takes you 6.8 s to do this. (Your car is slightly out of tune, so the performance is not at a maximum).   

 

---SOLUTION--- 

 1.  Given:  vi = 0 mi/hr          **Note:  vi = initial speed            

   vf = 65 mi/hr                  vf = final speed           

   t = 6.8 s            

   a = ?   

 

2. Equation:    

    

3. Substitutions:    a = 65 mi/hr - 0 mi/hr 

       6.8 s  

 4. Calculations:   a= 9.558823529 mi/hr or about  9.6 mi/hr/s 

 

 5. Reasonable?  Yes, this means the speed changed by 9.6 mi/hr every second, so after 7 seconds the speed would have 

changed by about 65 mi/hr. Look at it this way. After 1 second the speed would be 9.6mi/hr. After two seconds, changing another 

9.6 mi/hr makes the speed 19.2 mi/hr.  After three seconds the speed changes another 9.6 mi/hr to 28.8 mi/hr and so on.    

t

vv

t

v
a if 




Direction is always 

measured in a straight 

line 

Since velocity is a 

vector any change in 

direction is a change in 

velocity 

When traveling in a 

curved path your 

direction is always given 

by a tangent line 

So if you are going in a 

circle you are 

constantly changing 

your direction 

Why you are accelerating when you travel in circles! 
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Example 2:  Walking at 5 m/s we finally reach the end of the path and come to a stop in 5 seconds. Calculate the acceleration.   

 

---SOLUTION---  

1. Given: vf = 0  (we are coming to a stop)     

         vi = 5 m/s           

   t = 5 s   

2. Equation:   a =   vf - vi                    

        t                 
3. Substitutions:  a =  0 m/s - 5 m/s   

                    5 s   

4. Calculations:   a = -1 m/s/s   (negative because we lost speed) 

 

5. Reasonable?  Yes, losing speed at the rate of 1 m/s every second will cause the speed after 5 seconds to be 0 m/s.   

 

*Note: The negative value means that we are losing speed. See the Rule of Thumb below!  

 

**Second note: The unit is a m/s/s. This can be written as a m/s2. However, do not say, "Meter 

per second squared." Instead, read this as a "meter/second" (pause) "per second." This will 

help you keep the feeling for what acceleration really is; a change in a speed (m/s) in a given 

time (s).    

 

The general RULE OF THUMB is: 

If an object is slowing down, then its acceleration is in the opposite direction of its motion. 

This RULE OF THUMB can be applied to determine whether the sign of the acceleration of an object is positive or negative, right 

or left, up or down, etc. Consider the two data tables below. In each case, the acceleration of the object is in the "+" direction. In 

Example A, the object is moving in the positive 

direction (i.e., has a positive velocity) and is speeding 

up. When an object is speeding up, the acceleration is 

in the same direction as the velocity. Thus, this object 

has a positive acceleration.  

 

In Example B, the object is moving in the negative 

direction (i.e., has a negative velocity) and is slowing 

down. According to our RULE OF THUMB, when an 

object is slowing down, the acceleration is in the 

opposite direction as the velocity. Thus, this object 

also has a positive acceleration. 

 

This same RULE OF THUMB can be 

applied to the motion of the objects represented in the 

two data tables to the right.  In each case, the 

acceleration of the object is in the "-" direction. In 

Example C, the object is moving in the positive 

direction (i.e., has a positive velocity) and is slowing 

down. According to our RULE OF THUMB, when an 

object is slowing down, the acceleration is in the 

apposite direction as the velocity.  Thus, this object 

has a negative acceleration. In Example D, the 

object is moving in the negative direction (i.e., has a 

negative velocity) and is speeding up. When an object is speeding up, the acceleration is in the same direction as the velocity. 

Thus, this object also has a negative acceleration.  

 

For helpful tutorials on many of the beautiful concepts presented in this unit of study refer to the following URL: 

www.physicsclassroom.com  

 

http://www.physicsclassroom.com/
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Acceleration is a difficult concept to master.  Be patient with yourself in trying to understand this.  

Problems- Acceleration #1 
 

1. What is the acceleration of a racing car if its speed is increased uniformly from 44 m/s to 66 m/s over an 11s interval?   

 

2. A train moving at a speed of 15 m/s is accelerated uniformly to 45 m/s over a 12 s time period.  What is its acceleration?   

 

3. A plane starting from rest is accelerated to its takeoff speed of 72 m/s during a 5.0-second time period.  What is the plane's 

acceleration?   

 

4. A bullet leaves the muzzle of a rifle in a direction straight up with a speed of 7.0 x 102 m/s. Ten seconds later the speed 

straight up is only 602 m/s.  What is the acceleration of the bullet?   

 

5. A car moving at 25 m/s slows to a stop in 4.3 seconds.  What is the acceleration of the car?   

 

6. In a vacuum tube an electron is uniformly accelerated from rest to an approximate speed of 2.6 x 105 m/s in a time period of 

6.5 x 10-2 second.  What is the acceleration of the electron?   

 

7.  A car is uniformly accelerated at the rate of 2.0 m/s2 for 12 seconds. If the original speed of the car is 16 m/s, what is its final 

speed?   

 

8. An airplane flying at 90.0 m/s accelerates at 0.50 m/s2 for 10.0 seconds.  What is the final speed of the airplane?   

 

9. A racecar traveling at 45 m/s is slowly changing speed at the rate of -1.5 m/s every second for 10.0 sec.  What is the final 

speed in;  

 (a) m/s ?   

 (b) km/hr?   

 

10. A spacecraft traveling at 1200 m/s is uniformly accelerated at the rate of 150 m/s2 by burning its second stage rocket.  If the 

rocket burns for 18 seconds, what is the final speed of the spacecraft?   

 

11. Of the 10 things listed below which things are accelerating? 

a. a ball dropped from a ladder 

b. a car moving on the highway at a constant speed 

c. a person standing still 

d. a dragster going from zero to 120 mph in 7.8 seconds  

e. a baseball being hit by a batter 

f. a snow boarder stopping on a hill 

g. a car turning from Wadsworth onto 104th Ave. 

h. a dog chasing its tail  

i. a car driving down the street at 40 mph 

j. a ball being thrown straight up into the air  

 

 

*12. A car traveling at 44 m/s is uniformly decelerated to a speed of 22 m/s over an 11-second period.  What distance does 

it travel during this time?   

 

Answers:  1. 2.0 m/s2  2. 2.5 m/s2 3. 14 m/s2 4. -9.8 m/s2 5. –5.8 m/s2  

6. 4.0 X 106 m/s2  7. 40. m/s 8. 95 m/s 9a. 30. m/s 9b. 110 km/hr  

10. 3900 m/s   11.  a, d, e, f, g, h  & j  12. 360 m 
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Acceleration Using a Magic Equation 
 Additional equations involving acceleration can make our problem-solving easier.  Instead of using several steps 

(and several equations) to obtain the distance, an equation which uses the variables that we have been given is derived from 

other equations.  

      To derive an equation for distance that does not include vf, we can use a familiar equation as long as we assume 

the acceleration is uniform; 

 Start with        d = vavt    

 Substitute    

                         

 

 

Substitute  

 

 

Simplify                                      

                                                         

 

Distribute t                                            

     

  

 Rearrange 

 

 

 

Example 3:  How far does a plane fly in 12 seconds while decelerating uniformly from 66 m/s at 3.3 m/s/s? 

 

---SOLUTION--- 

 1. Given:   vi = 66 m/s 

              t = 12 s 

              a = -3.3 m/s/s (the plane is slowing down) 

 d = ? 

2. Equation: 

 

  

3.  Substitutions:                          

 

 

4.   Calculations:  

 

 

  

5.  Reasonable?  Yes, we know that without decelerating,  the  plane would have traveled 792 m, so the answer is 

"in the  ballpark".   

 

2at
2

1
d 

tvat
2

1
d i

2 

* In many situations, the initial speed is zero 

(vi = 0) so the equation can become: 
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Problems - Acceleration #2 
 

1.    As soon as the light turns green, the impatient driver in the neon pink Volkswagen puts the pedal to the metal and 

accelerates at a rate of 2.0 m/s2 for 9.0 seconds.  How far does  the car  travel during this time?   

 

2.    My grocery cart starts rolling down the small hill in the parking lot and accelerates to a speed of 3.0 m/s in the 3.0 

seconds before it smacks into a parked car.   

     a)  What is the acceleration of the unmanned cart?   

     b)  How far must I run to retrieve it?   

 

3.    A baseball pitcher may throw a ball that travels at 30.0 m/s toward the plate.  If the ball reaches this speed from rest 

only while the pitcher's hand is in contact with the ball (about 0.15 s), how far does the pitcher's hand move during his 

pitch?   

 

4.    A car at Bandimere Speedway speeds down the quarter mile track in 5.8 s.   

 a)  Find the average acceleration of the Top Fuel Dragster in mi/s2 .   

 b)  In mi/hr/s.   

 

5.    A sprinter reaches his top speed in 2.5 s while covering a distance of 18 meters.  Find his average acceleration.   

 

6.    A high diver leaves the 10. m platform and accelerates toward the water at 9.8 m/s2.  How long does she have to think 

before she hits the water?   

 

7.    How long will it take a bicycle rider to coast down a 300.-ft hill if he starts from rest at the top and accelerates at 5.6 

ft/s2?   

 

8.    A car traveling at 40. ft/s decelerates at 32 ft/s2 for 1.5 s.  How far does it travel during this time?   

 

9.    A particularly sophisticated physics cart (since it is equipped with a speedometer and a stopwatch) moves across a 

level surface at 2.4 m/s.  It then accelerates down an incline at 0.80 m/s2 for 3.2 s before it levels out again.  How long 

is the incline?   

 

*10.  A runner hopes to complete the 10 km run in less than 30.0 minutes.  After exactly 27.0 minutes, there are still 1100 

m to go.  The runner must then accelerate at 0.20 m/s2 for how many seconds in order to achieve the desired time?  

 

 

 

Answers:  1. 81 m  2a. 1.0 m/s2  2b. 4.5 m   

 3. 2.3 m  4a. 0.015 mi/s2  4b. 54 mi/hr/s  

 5. 5.8 m/s2  6. 1.4 s  7. 10. s  

 8. 24ft  9. 12 m  *10. 3.1 s  
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Kinematic Equations and Problem-Solving 
There are four kinematic equations that mathematically relate the parameters that describe an object's motion.  

They can be written as follows: 

The Kinematic Equations 

 

 

 

Remember that in the above equations, the symbol d stands for the displacement (distance from the beginning 

point) of the object. The symbol t stands for the time for which the object moved. The symbol a stands for the acceleration 

of the object. And the symbol v stands for the instantaneous velocity of the object; a subscript of i after the v (as in vi) 

indicates that the velocity value is the initial velocity value, a subscript of f (as in vf) indicates that the velocity value is the 

final velocity value, and a subscript of av (as in vav) indicates that the velocity value is the average velocity value. 

 

In this section we will investigate the process of using the equations to determine unknown information about an 

object's motion. The process involves the use of the problem-solving strategy which we have been using with an additional 

step. The strategy includes the following steps: 

 

1. Construct an informative diagram of the physical situation.  

2. Identify and list the given information and the unknown information in variable form.  

3. Identify and list the equation which will be used to determine unknown information from known information.  

4. Substitute known values into the equation and use appropriate algebraic steps to solve for the unknown 

information.  

5. Check your answer to insure that it is reasonable and mathematically correct.  

 

The use of this problem-solving strategy in the solution of the following problem is modeled in Examples A and B below. 

 

Example A:  Ima Hurryin is approaching a stoplight moving with a velocity of +30.0 m/s. The light turns 

yellow, and Ima applies the brakes and skids to a stop. If Ima's acceleration is -8.00 m/s2, then determine 

the displacement of the car during the skidding process. (Note that the direction of the velocity and the 

acceleration vectors are denoted by a + and a - sign.) 

 

The solution to this problem begins by the construction of an informative diagram of the physical situation. This is 

shown on the next page. The second step involves the identification and listing of known information in variable form. Note 

that the vf value can be inferred to be 0 m/s since Ima's car comes to a stop. The initial velocity (vi) of the car is +30.0 m/s 

since this is the velocity at the beginning of the motion (the skidding motion). And the acceleration (a) of the car is given as 

- 8.00 m/s2. (Always pay careful attention to the + and - signs for the given quantities.) The next step of the strategy 

involves the listing of the unknown (or desired) information in variable form. In this case, the problem requests information 

about the displacement of the car. So d is the unknown quantity. The results of the first two steps are shown in the table 

below. 

Diagram: 

  

Given: 

vi = +30.0 m/s  

vf = 0 m/s 

a = - 8.00 m/s2 

d = ?? 

 

tvat
2

1
d i

2  vf
2 = 2ad + vi

2 

d = vavt vf = at + vi 

NEW! 
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The next step of the strategy involves identifying a kinematic equation which would allow you to determine the unknown 

quantity. There are four kinematic equations to choose from. In general, you will always choose the equation which 

contains the three known and the one unknown variable. In this specific case, the three known variables and the one 

unknown variable are vf, vi, a, and d. Thus, you will look for an equation which has these four variables listed in it. An 

inspection of the four equations above reveals that the following equation contains all four variables.  

𝑣𝑓
2 = 2𝑎𝑑 + 𝑣𝑖

2 

Once the equation is identified and written down, the next step of the strategy involves using proper algebraic steps to solve 

for the unknown information and substituting known values into the equation. This step is shown below. 

2𝑎𝑑 = 𝑣𝑓
2 − 𝑣𝑖

2 

𝑑 =
𝑣𝑓

2 − 𝑣𝑖
2

2𝑎
 

𝑑 =
(0 𝑚/𝑠)2−(30 𝑚/𝑠)2

2(−8.00 𝑚 𝑠2⁄ )
  

𝑑 =
900 𝑚2 𝑠2⁄

16 𝑚 𝑠2⁄
 

d = 56.3 m 
 

The solution above reveals that the car will skid a distance of 56.3 meters. (Note that this value is rounded to three sig figs.) 

 

The last step of the problem-solving strategy involves checking the answer to assure that it is both reasonable and accurate. 

The value seems reasonable enough. It takes a car some distance to skid from 30.0 m/s (approximately 65 mi/hr) to a stop. 

The calculated distance is approximately one-half a football field, making this a very reasonable skidding distance. 

Checking for accuracy involves substituting the calculated value back into the equation for displacement and insuring that 

the left side of the equation is equal to the right side of the equation. Indeed it is! 

 

      Example B:  Ben Rushin is waiting at a stoplight. When it finally turns green, Ben accelerates from rest at a 

rate of a 6.00 m/s2 for a time of 4.10 seconds. Determine the displacement of Ben's car during this time 

period. 

 

Once more, the solution to this problem begins by the construction of an informative diagram of the physical situation. This 

is shown below. The second step of the strategy involves the identification and listing of known information in variable 

form. Note that the vi value can be inferred to be 0 m/s since Ben's car is initially at rest. The acceleration (a) of the car is 

6.00 m/s2. And the time (t) is given as 4.10 s. The next step of the strategy involves the listing of the unknown (or desired) 

information in variable form. In this case, the problem requests information about the displacement of the car. So d is the 

unknown information. The results of the first three steps are shown in the table below. 

Diagram: 

  

Given: 

vi = 0 m/s  

t = 4.10 s 

a = 6.00 m/s2 

d = ?? 
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The next step of the strategy involves identifying a kinematic equation which would allow you to determine the unknown 

quantity. There are four kinematic equations to choose from. Again, you will always search for an equation which contains 

the three known variables and the one unknown variable. In this specific case, the three known variables and the one 

unknown variable are t, vi, a, and d. An inspection of the four kinematic equations reveals that the following equation 

contains all four variables.  

  

Once the equation is identified and written down, the next step of the strategy involves substituting known values into the 

equation and solving for the unknown information. These steps are shown below. 

d = (0 m/s)*(4.1 s) + 0.5*(6.00 m/s2)*(4.10 s)2  

d = (0 m) + 0.5*(6.00 m/s2)*(16.81 s2) 

d = 0 m + 50.43 m 

d = 50.4 m 
 

The solution above reveals that the car will travel a distance of 50.4 meters. (Note that this value is rounded to 

three sig figs.) 

 

The last step of the problem-solving strategy involves checking the answer to assure that it is both reasonable and 

accurate. The value seems reasonable enough. A car with a pick-up in speed of 6.00 m/s/s will reach a speed of 

approximately 24 m/s (approximately 50 mi/hr) in 4.10 s. The distance over which such a car would be displaced during 

this time period would be approximately one-half a football field, making this a very reasonable skidding distance. 

Checking for accuracy involves substituting the calculated value back into the equation for displacement and insuring that 

the left side of the equation is equal to the right side of the equation. Indeed it is! 

 

tvat
2

1
d i

2 
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Problems-Acceleration #3 
1.    A skier starts from rest at the top of the ski run.  She accelerates at a rate of 3.0 ft/s/s for 15 seconds, wildly out of 

control.  After the 15-second acceleration she immediately plows into a 12 ft high snowdrift directly in her path, and 

stops in only 0.11 second. (Assume uniform acceleration in both instances.) 

      a) What is her final speed after 15 seconds of acceleration?   

     b) What distance does she travel during the entire 15 seconds?   

      c) What distance does she travel during the first 5.0 seconds?   

      d) What distance does she travel during the first 10. seconds?   

      e) What is her final speed after 15.11 seconds?   

      f) What is her rate of acceleration through the snowdrift?   

      g) What distance does she travel through the snowdrift while stopping?   

2.    The space shuttle, initially at rest, can reach a speed of 4 X 104 km/hr in approximately eight minutes.   

     a) What is its average acceleration in m/s2?   

     b) What distance is covered during the acceleration?   

     c) If the space shuttle could continue this acceleration indefinitely, how fast would it be going after a total 

acceleration time of 30 minutes?   

3.    A car traveling at a uniform speed approaches a hill.  During the 11 seconds that the car travels down the hill, it 

accelerates at a rate of 2.0 ft/s/s.  If the distance the car traveled on the hill was 605 ft, what was the speed of the car 

before it went down the hill?   

4.    A parachutist falling at a speed of 9.0 m/s hits the ground and stops in 0.050 s.  What is his average acceleration in 

stopping?   

5.  A car stops suddenly in 0.1 s from a speed of 13.5 m/s (approximately 30 mi/hr).  Two people are riding in the car.  

The driver is wearing a seat belt, so he stops with the car.  The passenger is not wearing a seat belt and does not stop 

with the car.  Instead he stops suddenly when his body hits the dashboard, which takes about 0.02 s.       

 a) Find the acceleration rate of each rider.   

 b) How far does each rider move (while stopping) with respect to an outside observer? 

6.    A car traveling at 20 km/hr accelerates to 50 km/hr while traveling 200 meters.  How much time did this take?   

 

*7. A police car at rest, passed by a speeder traveling at a constant 120 km/hr, takes off in hot pursuit.  The police officer 

catches up to the speeder in 750 m, maintaining a constant acceleration.   

a)  How long did it take the police officer to overtake the speeder?  

b) What was the required acceleration?  

c)  What was the speed of the police car at the moment it caught the speeder?  

 

Answers:  1a. 45 ft/s 1b. 340 ft 1c. 38 ft 1d. 150 ft 1e. 0 ft/s   

 1f. –410 ft/s2 1g. 2.5 ft  2a. 20 m/s2 2b. 3 X 106 m   2c. 4 X 104 m/s  

 3. 44 ft/s 4. -180 m/s2 5a. -100 m/s2, -700 m/s2  

 5b. 0.7 m, 0.1 m 6. 6 X 10-3 hr *7a. 23 s *7b. 3.0 m/s2 *7c. 67 m/s 
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Problems- Acceleration #4 
 

1.   Standing on top of Shasta Dam in California, I dropped a penny and watched it fall 78.4 meters to the water below.  I 

also noticed that it took 4.0 seconds for this event to occur.   What was the acceleration of the falling penny?   

 

2.   During a "Reaction Time" test (one person drops a vertical meter stick and the other person grabs it as quickly as 

possible), the meter stick fell through a distance of 4.9 cm during the 0.10 sec that it took to grab it.  What was the 

acceleration rate of the falling meter stick? 

 

3.   "I shot an arrow into the air.  It fell to earth, I know not where."  But since you are a physics student, you instinctively 

timed the flight of the arrow that was shot straight up.  You found that the arrow fell from its highest point, straight 

down, for 2.1 seconds.  An accurate estimate of the height reached by the arrow was 21.6 meters, approximately!  

With what acceleration did the arrow fall to earth?   

 

4. On a recent 'Cops and Robbers' TV show, the cables of an elevator were cut allowing the empty cage to fall the 15 

stories (4 meters per story) to the basement floor.  The final speed (the instant before the elevator cage crashed into 

the concrete floor) was 34.3 m/s.  Find the acceleration of the falling elevator cage. 

 

5.    While relaxing at the swimming pool, I watched a small person step tentatively off the edge of the 3.0 meter diving 

board, only to hit the water 0.782 seconds later.  What was the acceleration experienced by the tentative toddler? 

 

6.    Funky Winkerbean's friend, Les, finally managed to climb the rope in PE class, achieving a height of 4.9 meters 

above the mats laid on the floor.  Four hours later he lost his grip and descended rapidly, reaching a speed of 9.8 m/s 

before landing on the mats.  Find the acceleration rate of the falling (and screaming) Les. 

 

7. A large rock fell from a cliff reaching a speed of 49 m/s before landing (in pieces) on the road 5.0 seconds later.  What 

was the falling rock's rate of acceleration? 

 

8.    What can you conclude about the acceleration of a freely falling object? 

 

 
Answers: 1-8.  You’ll see the trend.  
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Falling Objects 
When an object on earth falls it will always accelerate toward the ground with a 

constant acceleration.  That is not too surprising.  What is surprising is that all objects, no 

matter what their size or weight, accelerate at the same rate, if you ignore air friction.  Of 

course, the key words here are "if you ignore air friction".   In common experience, we see 

a piece of paper take longer to hit the ground than a bowling ball when the two are dropped 

from the same height.  The paper takes longer to fall to the ground because of air friction.  

Objects accelerate toward the ground because of gravity.  Thus, it is logical that 

the acceleration of a falling object is called the acceleration due to gravity and has the 

symbol ag (said " a-sub-g").  For objects near the surface of the earth, the value of ag is 9.8 

m/s2.  If an object were taken to a different planet, the value of ag would not be 9.8 m/s2 any longer.  Some planets, like 

Jupiter, have more gravity.  Other planets, like Mars, have less gravity.  All objects have some gravity.  Even the moon, 

as small as it is, has some gravity.  In fact, the acceleration due to gravity on the moon is 1.6 m/s2. 

Because 9.8 is so close to 10, the value of 10 m/s2 is sometimes used where only an approximate answer is 

needed.  In fact, even the value of 9.8 m/s2 is only an approximation.  As a person moves about on the surface of the 

earth the value will vary because the earth does not have a uniform density and because the surface of the earth is not 

perfectly spherical.  For example, in Paris ag is 9.81 m/s2.  In Washington, D.C., the value agis 9.80 m/s2. But in Denver, 

Colorado, the "mile high city", the value of ag is only 9.78m/s2.  Of course, all of these round off to 9.8 m/s2 which is 

close enough for most physics work because we rarely have more than two significant figures.  

All of this means that it is very easy to find distances, times, and final speeds for falling objects.  All of the 

equations that you have learned for acceleration apply.  But the part that makes these equations easy is that you always 

know a because it is equal to ag. Also, there is another fact that makes the problems easy.  Usually a falling object starts 

from rest, so the initial speed is zero. Take a look now at how this works; 

 

Example 1:  A young romantic lad has taken his girl to a wishing well.  He tosses a coin into the well and makes a wish.  

While the coin is falling, he times it on his digital watch.  It takes exactly 1.34 seconds for the coin to hit the water.  

Wishing to dazzle this young damsel with his physics knowledge, the lad quickly computes the depth of the well to the 

surface of the water. 

 

---SOLUTION--- 

 Given:   t = 1.34 s,  and, of course   

  ag = 9.8 m/s2  

  d  = ? 

 Equation:   d = ½ at2 

 Substitute:  d = 0.5 (9.8m/s2) (1.34 s)2 

  

 Answer:  d =  8.8 meters 

  

By the way, in case you happen to be working in the English system of units, the value for ag is 32 ft/s2.  Watch 

how this is used in the following situation. 

 

Example 2:  A sky diver wants to know how fast she will be moving after jumping out of a plane. She knows that she 

will pull the rip cord exactly 4.0 seconds after jumping. What will her speed be in ft/s and mi/hr just before she pulls the 

cord? 

 Given:  t = 4.0 s, and of course   

  ag = 32 ft/s2 

  vf = 

 Equation:  vf = at 

 Substitute:  vf = 32 ft/s2( 4.0s) 

  

 Answer:  vf =  128 ft/s =>  130 ft/s 

 

  Convert to mi/hr 128 ft 3600 s    1 mi 

          s   1 hr   5280 ft 

 

 87 mi/hr = 

 

Constants 
Acceleration due to gravity  

on earth = 9.8m/s2 or 32ft/s2 

on  the moon = 1.6m/s2 

ag For specific locations on the earth 

Paris 9.81 m/s2 

Washington, D.C 9.80 m/s2 

Denver 9.78m/s2 

 



Chapter 2 – Acceleration 

© Fyzics Softext Inc., page 44 

 

 

In  Summary 

Remember, all you have to do to solve falling object problems is to use any of the equations that you have learned for 

acceleration, and use the acceleration due to gravity (ag) as the acceleration in that equation. 

 

Because free-falling objects are accelerating downwards at a rate of 9.8 m/s/s, a 

ticker tape trace of its motion would depict an acceleration. The diagram at the right 

shows such a ticker tape trace. The position of the free-falling object at regular time 

intervals - say, every 0.1 second - is shown. The fact that the distance which the ball 

travels every interval of time is increasing is a sure sign that the ball is speeding up as 

it falls downward. If an object travels downward and speeds up, then its acceleration is 

downward. 

 

 

 

 

 

 

 

 

 Another way to show this acceleration of ag is to add numbers to 

our ticker tape diagram. Assuming that the position of the free-falling ball 

dropped from a position of rest is shown every 0.1 second, then the 

velocity of the ball can be shown to increase as depicted in the diagram at 

the right. Notice that 10 m/s2 is used for ag to make the diagram easier to 

understand.  

 

 

 

The Big Misconception 

The acceleration of a free-falling object (on earth) is 9.8 m/s/s. This value (known as the acceleration of gravity) 

is the same for all free-falling objects regardless of how long they have been falling, or whether they were initially dropped 

from rest or thrown up into the air.  

Yet the question is often asked "doesn't a more massive object accelerate at a 

greater rate than a less massive object?" This question is a reasonable inquiry that is 

probably based in part upon personal observations made of falling objects in the physical 

world. After all, nearly everyone has observed the difference in the rate of fall of a single 

piece of paper (or similar object) and a textbook. The two objects clearly travel to the 

ground at different rates - with the more massive book falling faster.  

The answer to the question (doesn't a more massive object accelerate at a greater 

rate than a less massive object?) is absolutely not! That is, absolutely not if we are 

considering the specific type of falling motion known as free-fall. Free-fall is the motion of 

objects which move under the sole influence of gravity; free-falling objects do not encounter air resistance. More massive 

objects will only fall faster if there is an appreciable amount of air resistance present. 
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Problems - Falling Objects #1:  Use ag = 9.8 m/s2 unless otherwise instructed. 
 

1. A boy is dropping stones off the edge of a cliff.  He drops one of them from rest.  Find; 

 a)  How far the stone has fallen after 1.0 second? 

 b)  What was the speed of the stone after 1.0 second? 

 c)  How far has the stone fallen after 2.0 seconds? 

 d)  How far did the stone fall during the second second? 

 

2. An owl is at rest in a tree.  A careless hunter trips on his gun and the bullet is fired and hits the owl.  The owl falls 

from the tree.  .   

 a)  How far has the owl fallen after 3.0 seconds? 

 b)  What is the speed of the owl at the end of 3.0 seconds? 

 c)  What is the speed of the owl after 6.0 seconds of fall? 

d) What is the distance the owl falls in 6.0 seconds? 

e) Why is the distance the owl falls in 6.0 seconds not twice the distance it falls in 3.0 seconds? 

 

3. Complete the table below (3 sig figs) for a rock that is dropped off a cliff. Use ag = 32 ft/s2. 

Time (sec) 
Interval vi 

(ft/s) 

Interval vf 

(ft/s) 

Interval vav 

(ft/s) 
Interval d (ft) Total d (ft) 

0 0 0 0 0 0 

1 0 32 16 16 16 

2 32 64 48 48 64 

3      

4      

5      

6      

7      

4. A ball is dropped from the peak of the SLHS Commons roof.  It hits the ground 1.74 seconds later.   

a) How fast is the ball moving just before it hits the ground? 

b) How high is the peak of the Commons roof? 

c) What distance does the ball travel during the first second? 

d) What distance does the ball travel from the end of the first second until it hits the ground? 

 

5. A bat is hanging upside down, asleep, high up in a tree.  ("How high?" you ask-- Well, approximately 75 ft above the 

ground.)  A gentle earthquake knocks his little feet loose, and he falls like a rock (since he is sleeping very soundly) 

straight down. 

  a)  How fast is the bat falling after 1.5 seconds? 

 b) How far has the bat fallen after 1.5 seconds? 

  c) What is the total time it takes for the bat to fall the 75 feet to the ground? 

 

6. TRY REASONING OUT THE ANSWERS FOR THIS PROBLEM.  YOUR PHYSICS KNOWLEDGE AND 

EQUATIONS WILL HELP YOU DETERMINE CORRECT ANSWERS.  (For this problem use ag = -10. m/s2 - it is a 

negative value because gravity is slowing the ball)  A batter hits a fly ball straight up with an initial speed of 40. m/s.  As 

the ball goes higher and higher, it slows down because of the effect of gravity, until it reaches a  speed of zero, at its 

highest point.  Immediately the ball begins its descent increasing its speed as it falls because of gravity..  Find; 

 

a)  The speed of the ball after 2.0 second of upward motion. 

b)  The speed of the ball after 3.0 seconds. 

c)  The speed of the ball after 4.0 seconds. 

d)    The distance the ball travels upward in two seconds. 

e)    The distance the ball travels in first 3.0 seconds. 

f)  The distance the ball travels in first 4.0 seconds. 

g)  What is the initial speed of the ball as it heads downward? 

h)    What is the speed after 2.0 seconds of fall? 
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7. A basketball is thrown straight up in the air.  It leaves the hand of the basketball player moving at 30 m/s. (Please use 

ag = 10 m/s2) 

  

a) Find the time it takes for the ball to reach the highest point. 

 

b) How high does the ball go? 

 

 c)  Copy the sketch below. Then complete all calculations needed to find the speed, direction and distance from 

the point where the basketball was thrown each second after the ball is thrown upwards until it again reaches the 

basketball player's hand on the right side of the diagram. (In the diagram t=0 s and t=1 s are done as examples for you.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
hand 

t=1.0 s 
v = 20 m/s, up  

d = 25 m from hand 

t=0  

v = 30 m/s, up 
d = 0 m 

Answers: 
1. a) 4.9 m; b) 9.8 m/s; c) 20. m; d) 15 m 

2. a) 44 m; b) 29 m/s; c) 59 m/s; d) 180 m;  

3. 3 seconds – 64, 96, 80, 80, 144; 4 seconds – 96, 128, 112, 112, 256; 5 seconds- 128, 160, 144, 144, 400; 6 seconds 160, 

192, 176, 176, 576; 7 seconds – 192, 224, 208, 208, 784 

4. a) 17 m/s; b) 15 m; c) 4.9 m; d) 9.9 m 

5. a) 48 ft/s; b) 36 ft; c) 2.2 s 

6. a) 20 m/s, up; b) 10 m/s, up; c) 0 m/s; d) 60  m; e) 75 m; f) 80 m; g) 0 m/s; h) 20 m/s, down 

7. a)3s,b) 45m,the rest: 2 s, 10 m/s up, 40 m; 3 s, 0 m/s, 45 m; 4 s, 10 m/s down, 40 m; 5 s, 20 m/s down, 25 m; 6 s, 30 m/s 

down, 0 m 
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More about Falling Objects 
 One of the many beautiful aspects of physics is that it works in all situations.  The mathematical equations for 

acceleration can be used to find information about an object in the air, whether it is rising or falling, without learning 

anything new.  See the example below for some hints that will help you to solve the following problems. Also, note that we 

will try to use 9.8 m/s2 in these examples to improve our accuracy. 

 

Example #1: A member of the volleyball team sets up the ball for a killer spike.  The volleyball is hit straight up with an 

initial speed of 17 m/s.   

 a)  How fast is the ball going after 1.0 second?   

 b)  How fast is the ball going after 2.0 seconds?   

 c)  What is the maximum height reached by the volleyball?  

---SOLUTION---   Part a)  To find how fast the ball is going after 1.0 second...    

  Given:  vi = 17 m/s 

ag= -9.8 m/s2 (The value is negative because the acceleration is in the opposite direction 

of initial velocity (vi), which was given arbitrarily as a positive number.  The 

acceleration is downward, the initial velocity is upward.)     

   t = 1.0 s 

        vf (after 1.0 s) = ? 

   Equation:   vf = at + vi 

   Substitute: vf = (-9.8 m/s2)(1.0 s) + 17 m/s 

   

  Answer:   vf =  7.2 m/s 

 

   Remember the ball is slowing down on its way  up! 

 

 Part b)  Use the same equation to find the speed of the ball after 2 s.  In this part of the problem   t = 

2.0 s is the only change in the given information. 

 

   Substitute: vf = (-9.8 m/s2)(2.0 s) + 17 m/s 

   

  Answer:   vf =  -2.6 m/s 

   

The negative sign indicates that the direction of the ball is downward.  It has already reached its 

highest point and is now falling. 

 

 Part c)  To find how high the volleyball goes, it is first necessary to find the time the ball is rising to 

its maximum height. 

 

   Given:   vi = 17 m/s 

         ag = -9.8 m/s2 

         vf = 0 (at its maximum height the ball's speed is zero for an instant before it 

begins its descent) 

         t = ? 

   Equation:  t = (vf - vi )/a 

   Substitute: t = ((0 - 17) m/s)/-9.8 m/s2   

   

  Answer:   t =  1.7 s -- but we're not finished (continued on next page) 

 Now the time to reach maximum height can be used to find the distance (or height) covered.  

 

   Equation:  d = 1/2 at2 + vit 

   Substitute: d = 0.5(-9.8 m/s2)(1.7 s)2 + (17 m/s)(1.7 s) 

                           = -14.161 m + 28.9 m 

   

  Answer:  d = 14.739 m    15 m 
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Problems - Falling Objects #2 
1. A young chemistry student becomes frustrated, runs outside, and throws his frictionless test tube straight up in the air 

with an initial speed of 34 m/s. 

 a) How long does it take the test tube to reach its maximum height? 

 b) How high does the test tube go? 

  c) What is the average speed of the test tube in reaching the maximum height? 

 d)    What is the speed and direction of the test tube just before it hits the ground? 

  e) What is the speed and direction of the test tube after it has been in the air for 5.0 s? 

  f) How high off the ground is the test tube after 5.0 s? 

2. A ball is rolled up an incline and allowed to go up as far as it can, then it rolls down.  The ball has an initial speed of 

6 m/s and it comes to a halt 3 seconds after beginning the upward roll, then begins to roll back down. 

a) What is the acceleration of the ball up the ramp? 

b) What distance does the ball roll up the ramp? 

c) What is the average speed of the ball on the way up? 

d) What is the speed and direction of the ball after rolling on the ramp for 5 seconds? 

3. An alligator escapes from the Biology department at Standley Lake High School one morning.  Mr. Barker, Ms. 

Williams, and Mrs. Sabadosh organize a search party of concerned students.  The gator (which is in search of human 

flesh) is spotted at 104th and Wadsworth gnawing on a bone.  Mr. Barker is 80.0 m from the gator with his back to the 

gator.  The gator spots Mr. Barker and uniformly accelerates toward the unsuspecting soul!  It takes the gator 10.5 

seconds to reach the soon-to-be "late" Barker.   

 a) What is the acceleration of the gator? 

  b) What is the speed of the gator just before it reaches the soon-to-be "late" Barker? 

  c) What is the average speed of the gator as it travels this distance? 

4. A frictionless arrow is shot straight up in the air. It takes 5.7 seconds for the arrow to reach its maximum height. 

Find; 

  a)  The speed and direction of the arrow when it left the bow. 

  b) The speed and direction of the arrow after 4.3 seconds. 

  c) The speed and direction of the arrow after 6.6 seconds. 

 d) The maximum height the arrow reaches. 

5. Several students launch a water balloon with a slingshot aimed straight up, and time its flight.  The water balloon lands 

very close to its launch site 8.7 s after takeoff. . 

a) How long did the water balloon climb? 

b) How high did it go? 

c) What was the water balloon's launch speed? 

6. The Tooth Fairy is flying at an altitude of 820 meters and accidentally drops her load of teeth collected during the 

evening.  There are over 5000 teeth in the bag.  A healthy tooth weighs 0.02785 ounces.  Some of the teeth have 

complete roots (which adds 0.00225 ounces to their weight) and some have the gruesome black rot (they only weigh 

half as much as the healthy teeth).  

a) What is the acceleration of the freely falling frictionless bag of teeth? 

b) Find the speed of the bag after 10.0 seconds. 

c) How far has the bag fallen after 10.0 seconds? 

d) What is the average speed of the bag during the first 10.0 seconds? 

e) How high above the ground is the bag after 10.0 seconds? 

f) How long does it take the bag to hit the ground? 

g) What is the speed of the bag just before it hits the ground? 

h) When the bag hits, one tooth pops up at an initial speed of 1.60 m/s.  How high will the tooth go? 

i) How long does it take the tooth to hit the ground after it pops up? 

j) How high off the ground is the tooth after 0.080 s? 

Answers: 
1. a) 3.5 s;  b) 59m,   c) 17m/s;   d) 34 m/s, down;   e) 15 m/s, down;   f) 48 m  

2. a) -2 m/s2;  b) 9 m;  c) 3 m/s;    d) -4 m/s 

3.  a) 1.45 m/s2;  b) 15.2 m/s;  c) 7.61m/s    

4. a) 56 m/s, up;  b) 14 m/s, up;  c) 8.8 m/s, down;  d) 160 m 

5. a) 4.4 s;  b) 93 m;  c) 43 m/s;    

6.  a) 9.8 m/s2;    b) 98 m/s;      c) 490 m;   d) 49 m/s;     e) 330 m;       f) 13 s;        g) 130 m/s;    

h) 0.13 m;      i) 0.33 s;      j) 0.097 m 
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Review Problems - Acceleration  
The following review problems are mainly on acceleration, but don't be surprised to find review problems on speed and 

distance and anything else that has been covered so far! 

 

1.    A car climbing a hill slows from 45 mi/hr to 25 mi/hr in the 8.0 seconds that it takes to get to the top.  Find the car's 

rate of acceleration in mi/hr/s.   

 

2. Another car, coming down the hill, takes only 3.5 seconds to arrive at the bottom of the hill, and is traveling at 50 

mi/hr after accelerating at a rate of 6.6 mi/hr/s.  Find this car's initial speed at the top of the hill.   

 

3. What is the final speed of a roller coaster that begins a rather steep descent at 1.0 m/s and accelerates at 3.2 m/s2 for 

6.5 seconds?   

 

4. After traveling for 3.0 X 103 meters at 30. m/s, the train instantaneously slows its speed to only 12 m/s for the next 8.0 

X 102 meters while traveling through a small town.  What was its average speed?   

 

5. How much time will it take a plane to uniformly accelerate from 15 m/s to 81 m/s with an acceleration of 2.5 m/s2?   

 

6.  How long will it take a proton to travel a distance of 6.3 X 105 m if it is accelerated at an average rate of 2.1 X 106 

m/s2 from rest?   

 

7. If a dragster can travel 400. m in 5.8 s starting from rest, what is its acceleration?   

 

8.    After driving 12 miles in the city in 22 minutes, I finally get on the expressway and travel the next 67 miles in only 

1.0 hour.  Unfortunately, I must travel 3.5 miles through side streets (which takes 10. minutes) to finally reach my 

destination.  What was my average speed in mi/hr?   

 

9. A rocket sled can reach a speed of 300 m/s from rest in only 23 seconds.  How far does it travel during this time?   

 

10. During a fire a man is forced to jump from the fourth floor window of a building.  He lands going 13.5 m/s and stops 

in 0.05 seconds.  What is his average acceleration on landing? 

 

11. A car hitting a brick wall travels 2.1 meters in 0.050 s while changing speed at a rate of     -195 m/s2.  What was the 

car's initial speed? (It does not come to a complete stop during this time.)   

 

12. A race car rounds the curve going 28 m/s and accelerates down the 'straight-away' at  

 4.3 m/s2 for the next 6.2 seconds before slowing for the next curve. How long is the 'straight-away'?   

 

13. The Apollo 11 traveled the 3.8 X 108 m to the moon in approximately 2.2 X 105 s.     

 a) How many hours did this take?   

 b) What was the average speed in m/s?   

 c) What was the average speed in mi/hr?   

  

14. At the sound of the starting pistol, the bicyclist takes off, accelerating at 3.3 m/s2.  At the instant that the bicyclist 

begins accelerating, a dog, running with a constant speed of 6.8 m/s passes the bicyclist.    

 a) How far will the bicyclist go before passing the dog?   

    b) How fast will the bicyclist be going as he passes the dog?   

 

15. A car travels 256 ft while decelerating at a rate of 12 ft/s2 for 4.2 seconds.  What was its initial speed?   

 

*16.   A stone is thrown vertically upward with a speed of 12.0 m/s from just beyond the edge of a cliff 70.0 m high.   

a)  How much later does it reach the bottom of the cliff?   

b)  What is its speed just before hitting the ground?  
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*17.  A spy is standing on a bridge, 12 m above the road below, and his pursuers are gaining on him.  He spots a flatbed 

truck approaching at 25 m/s.  The bed of the truck is 1.5 m above the road.  How far away should the truck be when the 

spy drops from the bridge so that he lands in the truck and can make his safe getaway?  

 

18. Of the things listed below tell whether the object is accelerating or not and why.

a. a ball that has been thrown straight up, while at the top of its flight path, right before it starts to fall 

b. a car moving on the highway at a constant speed 

c. a dog chasing its tail at a constant speed 

 

19. The d-t graph below represents a runner in part of a Cross Country race. Find the instantaneous speed at the 4.5-minute point of 

the race, an uphill climb.   

  

      

 

20. The v-t graph below represents a remote-controlled car.  Interpret the graph by describing the motion of the car.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Answers:  1. -2.5 mi/hr/s 2. 30 mi/hr  3. 22 m/s  4. 23 m/s 

  5. 26 s   6. 0.77 s  7. 24 m/s2  8.  54 mi/hr   

9. 3000 m  10. -300 m/s2  11. 47 m/s  12. 260 m  

13a. 61 hr  13b. 1700 m/s 13c. 3900 mi/hr 14a. 28 m   

14b. 14 m/s  15. 86 ft/s *16a. 5.20 s *16b. 38.9 m/s *17. 37 m   

18. a. yes, the ball is accelerating because even though the ball has stopped for an instance, gravity is still 

affecting it and it will immediately start to fall. 

18. b. no, the car is not accelerating because it is neither changing speed nor direction 

18. c. the dog may be moving at a constant speed, but its direction is constantly changing due to its going in 

circles, therefore its velocity is changing which means the dog is accelerating. 

19.  200 m/min 
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Acceleration Graphs 
Using moving man or what you have learned in other ways, make the following graphs: 

If using the moving man go to the special features drop down menu at the top of the page and select the free range choice. 

1. Make a d/t, v/t & a/t graph of a man standing still 4 meters from the observer 

(If you are using the moving man program next to the position graph make x= 4 then hit the go button. And observe what all three 

graphs look like) 

2. Make a d/t, v/t & a/t graph of a man moving at a constant speed of 1 m/s away from the observer. 

(If you are using the moving man program next to the velocity graph make v= 1 then hit the go button. And observe what all three 

graphs look like)  

3. Make a d/t, v/t & a/t graph of a man moving at a constant speed of 5.00 m/s away from the observer. 

(If you are using the moving man program next to the velocity graph make v= 5.00 then hit the go button. And observe what all 

three graphs look like) 

4. Make a d/t, v/t & a/t graph of a man moving at a constant speed of -5.00 m/s away from the observer. 

(If you are using the moving man program next to the velocity graph make v= -5.00 then hit the go button. And observe what all 

three graphs look like) 

5. Make a d/t, v/t & a/t graph of a man accelerating at a constant acceleration of 2.00 m/s2 away from the observer. 

(If you are using the moving man program next to the acceleration graph make a= 2.00 then hit the go button. And observe what 

all three graphs look like) 
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6. Make a d/t, v/t & a/t graph of a man accelerating at a constant acceleration of 6 m/s2 away from the observer. 

(If you are using the moving man program next to the acceleration graph make a= 6.00 then hit the go button. And observe what 

all three graphs look like) 

7. Make a d/t, v/t & a/t graph of a man accelerating at a constant acceleration of -2 m/s2 away from the observer. 

(If you are using the moving man program next to the acceleration graph make a= -2.00 then hit the go button. And observe what 

all three graphs look like) 

8. Look at the v/t graph below and make the appropriate d/t and a/t graph 
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Acceleration Review: To receive points you must write down both what the question asked as well as the answer. 

1) The ticker tapes shown to the right were run at 10 Hz. What can be determined from each of these tapes? (Starting on left) 

Sketch these tapes on your own paper and label them. 

 

2) How many significant figures do the numbers below have? 

 a)   10000.230  b)   0.030  c)  23.0 

  

 d)   230.0  e) 20450   f) 100.00 

  

3) Write the following numbers in scientific notation 

 a) 250000000  b) 3456.70  c) 0.00006064  d) 0.000000020 

 

4) Round the following numbers to 3 significant figures. 

 a) 452999  b) 219382  c) 0.0005024  d) 0.0206 

 

5) Convert the following 

a) 24 m to cm   b) 24 m to km  c) 245min to hr  d) 0.25hr  to sec 

 

6) Applying the rules for significant figures, do the following: 

a) 24.98 divided by 12  b) 24.98 divided by 10  c) 24.98 divided by 12.1  

 

7) Convert the following:  (be sure to show all work) 

a)  42 m/s  to mm/min  b)  42 m/s to km/hr  c)  402 cm/min to m/s   

 

8) For the graph to the right, describe what is happening for each part a-e 

 

9) Which situations have an acceleration of 0 and why or why not. 

a. a car is driven in a straight line at a constant speed of 65 mi/hr for 

10 min.   

b. a car is driven around a circular track at a constant speed of 65 

mi/hr for 10 min.   

c. a car sits at a stop light for 2 min.   

d. a car starts out at a stop sign and reaches a speed of  30 mi/hr in 2 

min.   

 

10) Describe the difference between velocity and speed and then distance 

and displacement. 

 

11) Here in Denver, Colorado, why does a Feather take longer to fall to the ground than a hammer? 

 

12) Make a d/t and v/t graph for each of the following situations.   

a. a person riding his skateboard up hill has  his speed constantly decreased.   

b. a person riding his skateboard down a hill where his speed has constantly increased 

c. a person riding his skateboard on level ground near his house where  his speed is constant   

 

13) What direction would a person go for each of the following situations? 

a.  a person flying west if the wind is blowing north  

b.  a person flying north if the wind is blowing east 

c.  a person flying west if the wind is blowing west 

d.  a person flying west at 90mph if the wind is blowing east at 90mph 

 

Use the following information for the next 3 questions. A ball is thrown 12 m/s straight up in the air.  It reaches the top of its path in 

1.2 seconds.   

14) What is the value of the velocity of the ball when the ball is at its highest point?  

15) What is the maximum height of the ball? 

16) What is the speed of the ball as it passes the persons hand on the way down? 

A) 

B) 
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Acceleration Review: To receive points you must write down both what the question asked as well as the answer. 
17) What term does each of these define: 

 a) how far you go  b) a change of speed with respect to time 

 c) a change of distance with respect to time  d) how far you go and the direction you went 

 e) a change of distance with respect to time and the direction you went 

 
18) Mr. Cassady took a walk going south for 53 meters, then east for 66 meters, north for 62 meters and west for 82 meters. Using a 

Scale: 1 cm = 10 m, add the vectors and state the final displacement.   

 

19) On your own paper sketch these graphs then describe the motion shown in the d-t graphs below.   

Sketch a v-t graph for each. 

                                     

 

 

 

 

 
 

 

 

 

 

20)  On your own paper sketch these graphs then describe the motion shown in the v-t graphs below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

21) The slope of a  

a)  d-t graph represents    b)  v-t graph represents  

 

22) Mr. Evans’ dog, Peso, often takes Mr. Evans for a walk.  The other day, Peso leisurely walked at a distance of 600ft in 4.5 

minutes.  At that point Peso saw a squirrel and took off running at 4.2 ft/s for 3.2 minutes.  Mr. Evans ran to keep up with his 

dog while quickly estimating the distance covered.  Find Peso’s average speed for the entire walk/run. 

 

23) Solve the following 
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Acceleration Review: To receive points you must write down both what the question asked as well as the answer. 
24) A person can make his car go from zero to 19m/s in only 8.4 seconds.  

What is his acceleration in m/s/s? 

 

25) A tennis ball is dropped from a cliff.  It hits the ground 3.2 

seconds later.  How high is the cliff in meters? 

 

26) A tennis ball is thrown downward from a building and hits the 

ground 3.2 seconds later.  If the initial speed was at 16.1 m/s, 

how high is the building? 

 

27) What is the slope of the graph to the Right? 

 

28) What is the average speed of the graph below? 

 

 

 

 

29) For the graph to the left  what is the instantaneous speed at 10 

seconds? 

 

30) During a downhill ski race last winter Mr. Evans started down the 

icy slope accelerating from rest at 2.1 m/s2.  Twenty five seconds later, as 

he turned to wave to his fans, he crashed into a pile of snow and came to a 

stop in 0.15 seconds.  (You must draw a diagram to help your 

understanding.) 
a. What was Mr. Evans speed just prior to hitting the snow drift? 

b. What was Mr. Evans acceleration as he came to a stop inside of the 

snow drift? 

c. What distance did Mr. Evans go as he traveled through the pile of 

snow before stopping?  
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Answers: 
1a) the speed is constant 1b) the speed is speeding up 1c) the speed is slowing 

2a) 8 b) 2 c)3 d) 4 e) 4 f) 5 g) 5 

3a)  2.5 x 108  b)  3.45670 x 103  c)  6.064 x 10-5  d)  2.0 x 10-8 

4a) 453000  b) 219000  c) 0.000502  d) 0.0206 

5a) 2400cm  b) 0.024km  c)  4.08hr   d) 900 sec 

6a) 2.1   b) 20   c) 2.06   

7a) 2500000mm/min b) 150km/hr  c) 0.067m/s 

8a) an increasing speed towards   b)  stopped  c) a fast constant speed away 

8d) a slow constant speed away   c) a fast constant speed towards 

9a) no acceleration  b) accelerating  c) no acceleration  d) accelerating 

11)  Hint: think about air resistance  

13a)  Northwest  b) Northeast  c) west   d) not moving 

14)  0 m/s  15) 7.3m   16) 12m/s 

17a) distance  b) acceleration  c) speed  d) displacement  e) velocity 

18)  ~18 m @ 144O 

19a) a slow constant speed away   b) a fast constant speed away   c) stopped  

19d) a slow constant speed towards  e) a fast constant speed towards  f) an decreasing speed away  

19g) an decreasing speed towards  h) an increasing speed towards  i) an increasing speed away 

20a) a fast constant speed away   b) a slow constant speed away  c) a decreasing speed away   

20d) stopped    e) a increasing speed away   f) a slow constant speed towards  

20g) a fast constant speed towards  h) an increasing speed towards   

20i) a decreasing speed away stopping then a increasing speed towards  j)  an increasing speed away then slowing to a stop 

21a) velocity  b) acceleration   22) 180 ft/min or 3.0 ft/s 

23a) 78m @23O  b) 72m @19O  c) 36m @58O  24) 2.3m/s2  25) 50m   

26) 100m  27) ~1.6 m/s  28) ~1.8m/s  29) ~3.2m/s 

30a) 52.5m/s  b) -350m/s2  c) 3.9m 

 

 

  

 


