PRE-TEST KINEMATICS REVIEW

1.  Categorize each quantity as being either a vector or a scalar:

a. 22.0 m/s upwards

b. 54 km/h

c. 65 km north

d. 66 lbs

e. -9.8 m/s2
f. 22.0 cm long

g. 3.2 m/s leftward

2.  What is the displacement of a race car driver that laps a track, 2.2 km long, three times?

3.  What is the average speed of the race car driver in the previous question if it takes him 1.5 minutes to lap the track three times?

4.  An airplane is flying west towards Vancouver at 400 km/h.  It almost has a midair collision over Winnipeg with a plane traveling east towards Toronto at 400 km/h.  What is the velocity of the two planes?  Do both planes have the same speed? Velocity?  

5.  An ant carrying a french fry is heading back to his ant hill.  He marches at 40.0 cm/min westward for 2.0 minutes.  All of a sudden it starts raining so he scurries at 65.0 cm/min, west till he reaches the ant hill 4.2 minutes later.  What was the average velocity of the french fry?

6.  Amanda Huginkis is driving rightward (+ direction) at 30 m/s when she suddenly slows down at a constant rate of acceleration to a rest position in 5 seconds. 

	a. Identify the direction of the acceleration of the car. ________________ Explain.


 

b. Construct a motion diagram (i.e., an "oil drop diagram") of the car's motion during this braking period. Just kidding  you don’t have to do this one!
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	c. Sketch a plot of position vs. time for the car's motion during this braking period. If the plot should be a straight line, make it clearly straight; if it should be curved, make it clearly curved and curved in the right direction; etc.
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7.  The average speed of a hot air balloon on a trip around the earth is 120 km/h while traveling 25000 miles around the equator.  The first leg of the journey takes 9.0 days to float 15000 miles.  What speed does the balloon have to float at for the second and final leg of the journey if the balloon has an average velocity of 120 km/h

8.  Describe the motion in the following graphs:

Use the principle of slope to describe the motion of the objects depicted by the plots below. In your description, be sure to include such information as the direction of the velocity vector (i.e., positive or negative), whether there is a constant velocity or an acceleration, and whether the object is moving slow, fast, from slow to fast or from fast to slow. Be complete in your description.

a.



b.  
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9.  Describe the motion represented by the following velocity time graphs and use the velocity-time graphs below to determine the acceleration and displacement of the object. 
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	10.  The motions of five objects - A, B, C, D, and E - are represented by lines on a velocity-time graph. Write the letter(s) for any object which is speeding up. List all that apply.
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11.  Mr. Caddy spots a Physics 11 Student spray painting “Phyics is Phun” on the side of the school.  The student having just finished, notices the look on Mr. Caddy’s face and starts running at 4.5 m/s.  Mr. Caddy starts chasing the student at about 5.5 m/s, but the student has a 12 meter head start.  Mr. Caddy can run pretty fast for short periods of time, but after about 60 meters (1/2 a football field) Mr. Caddy runs out of breath and has to stop.  Will the student get away or will Mr. Caddy catch him.  

2.   Two students have made gocarts in Mr. Woodcutters class and want to play bumper cars in the hallway.  Student 1 propels himself down the hall at a velocity of 4.5 m/s.  Student 2 has his buddies slingshot him down the hallway towards Student 1 at 6.9 m/s from 28 meters away.  When and where do they collide? 

13.  Tommy McSlowdown is racing up to a stoplight. When it turns red, Tom hits the brakes and slows from 165 km/h at a rate of 15.0 m/s2.  The stoplight is 34.5 meters away when he starts to brake.  Will Tom be able to stop for the red light, or will he slide into the intersection?  

14.  You drop a water balloon out of a hotel window 80.0 meters above the ground. If air resistance can be neglected, what will be the balloon’s instantaneous speed after 2.00 seconds? How far will it have fallen?  How long after dropping the balloon does it hit the head of your unsuspecting friend, Sam Wethead, below? (Your friend is 1.80 m tall)

15.   A lit firecracker is shot straight up into the air at a speed of 50.0 m/s.  How high is it above ground level 5.00 s later when it explodes?  How fast is it moving when it blows up?  How far has it fallen, if at all from its maximum height?

16.  A young kid with a huge baseball cap is playing catch with himself by throwing a ball straight up.  How fast does he throw it if the ball comes back to his hands 1.0 second later?  What peak height does the ball reach? What would the velocity be if it was 3 seconds? Or 10 Seconds?
17.  A flea jumps into the air and rises to an altitude of 130.0 mm (which is 130 times its own height, the equivalent of you jumping 650 ft up).  How long is the flee in the air?

18.  A raw egg is thrown horizontally straight out of the open window of a fraternity house.  If its initial speed is 20.0 m/s and it hits ground 2.00 s later, at what height was it launched?  What distance does it land from the base of the frat house?

19.  A weather balloon is floating upward with a velocity of 2.0 m/s when it releases a pack of instruments.  If the pack hits the ground with a velocity of –73.5 m/s, how far did the pack fall?  How long did it take for the pack to fall?

PRE-TEST KINEMATICS REVIEW

1.  Categorize each quantity as being either a vector or a scalar:

h. 22.0 m/s upwards

i. 54 km/h

j. 65 km north

k. 66 lbs

l. -9.8 m/s2
m. 22.0 cm long

n. 3.2 m/s leftward

a.  vector  b.  scalar  c.  vector  d.  scalar  e.  scalar (negative sign doesn’t necessary denote downwards, depends on your point of origin and directional sign of your velocity) f.  scalar since “long” is not a direction g.  vector  

2.  What is the displacement of a race car driver that laps a track, 2.2 km long, three times?

Answer:  Displacement is 0 as the car returns to its original starting point.

3.  What is the average speed of the race car driver in the previous question if it takes him 1.5 minutes to lap the track three times?

Answer:  Distance traveled by the car is 2.2 km x 3 = 6.6 km.  

Convert minutes into hours --> 1.5 min x 1h/60 min = 0.025 hours

Ave Speed = distance traveled/ time  = 6.6 km/0.025 h = 264 km/h ( 270 km/h

4.  An airplane is flying west towards Vancouver at 400 km/h.  It almost has a midair collision over Winnipeg with a plane traveling east towards Toronto at 400 km/h.  What is the velocity of the two planes?  Do both planes have the same speed? Velocity?  

Answer:  Speed is the same, velocities are different -- 400 km/h, west, 400 km/h east  

5.  An ant carrying a french fry is heading back to his ant hill.  He marches at 40.0 cm/min westward for 2.0 minutes.  All of a sudden it starts raining so he scurries at 65.0 cm/min, west till he reaches the ant hill 4.2 minutes later.  What was the average velocity of the french fry?

To determine the average velocity, you need to find the distance traveled for each leg of the journey.  You can not just add and divide the two velocities because the time they traveled at each velocity is not the same and therefore must be appropriately weighted.

Δd1 = vaveΔt



Δd2 = vaveΔt

Δd1 = 40.0*2.0 = 80.0 cm

Δd2 = 65.0*4.2 = 273 cm
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vave = (80.0 + 273)/(2.0 + 4.2) = 56.9 ( 57 cm/min, west

6.  Renatta Oyle is driving rightward (+ direction) at 30 m/s when she suddenly slows down at a constant rate of acceleration to a rest position in 5 seconds. 

	a. Identify the direction of the acceleration of the car. ________________ Explain.


 

b. Construct a motion diagram (i.e., an "oil drop diagram") of the car's motion during this braking period.  Just kidding  you don’t have to do this one!
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	c. Sketch a plot of position vs. time for the car's motion during this braking period. If the plot should be a straight line, make it clearly straight; if it should be curved, make it clearly curved and curved in the right direction; etc.
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Answer:  a.  leftward b.  The dots should get closer and closer together as you draw them towards the right of the ticker tape indicating a decreasing velocity (smaller distance traveled per unit of time) and at some point the dots will all be concentrated at a point to denote that Renatta has stopped. c.  The position time graph should have a negatively sloped straight line starting at the top of the position axis at t = 0 and ending closer to the x axis as time goes on. 

7.  The average speed of a hot air balloon on a trip around the earth is 120 km/h while traveling 25000 miles around the equator.  The first leg of the journey takes 9.0 days to float 15000 miles.  What speed does the balloon have to float at for the second and final leg of the journey if the balloon has an average velocity of 120 km/h
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Answer:  

First, note the equation: 

Strategy: In order to determine the velocity of the balloon for the second leg we need to determine the time it takes for the second leg by first determining the total time for the journey and then the time for the first leg (using known info) and then determine the distance traveled for the second leg of the journey.  These two numbers will give us the velocity for the second half of the leg.
             

Second, determine the time for the total trip  

25,000 mile x 1.6 km/1mile = 40000 km = dt

tT = total distance = 40000 km = 333.333 hr 

       Av velocity       120 km/h

= 333.33 hr x 1 day/ 24 hr = 13.8888 days

Third, find the time it takes for the second part of the journey.  If the second leg is 10000 km and it takes 13.888 days or 333.33 hr for the total trip, then the second leg takes  13.8888 days– 9.0 =4.8888 days = 4.8888 days x 24 hr/1day = 117.3333

Fourth, determine the distance for the second leg of the trip d2 = dT – d1 = 25000 – 15000 = 10000 miles --> 10,000 mile x 1.6 km/1 mile = 16000 km

Therefore The average speed for the second leg of the trip is:
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vave = 16 000 km/117.3333 h = 136.3636 km/h = 140 km/h

8.  Describe the motion in the following graphs:

Use the principle of slope to describe the motion of the objects depicted by the plots below. In your description, be sure to include such information as the direction of the velocity vector (i.e., positive or negative), whether there is a constant velocity or an acceleration, and whether the object is moving slow, fast, from slow to fast or from fast to slow. Be complete in your description.

a.



b.  
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a.  The object has a positive or rightward velocity (note the + slope). The object has a changing velocity (note the changing slope); it is accelerating. The object is moving from slow to fast since the slope changes from small to big.

b. The object has a negative or leftward velocity (note the - slope). The object has a changing velocity (note the changing slope); it has an acceleration. The object is moving from slow to fast since the slope changes from small to big.

c. The object has a negative or leftward velocity (note the - slope). The object has a changing velocity (note the changing slope); it is decelerating. The object is moving from fast to slow since the slope changes from big to small.  

9.  Describe the motion represented by the following velocity time graphs and use the velocity-time graphs below to determine the acceleration and displacement of the object. 
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Answer:  a.  rightward (positive) velocity with a leftward (negative) acceleration (decelerating)

aa = (vf-vi)t = (0-12)6.0 = 72 m/s2
da = ½ (12-0)(6.0) = 36 m

b.  rightward (positive) velocity with a rightward (positive) acceleration (accelerating)

ab = (vf-vi)t = (16-4.0)8.0 =96 m/s2

db = 4.0(8.0) + ½ (16-4.0)(8.0) = 32 + 48 = 80 m

	10.  The motions of five objects - A, B, C, D, and E - are represented by lines on a velocity-time graph. Write the letter(s) for any object which is speeding up. List all that apply.
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Answer:  A and F are speeding up, i.e. velocity is getting larger in magnitude.

11.  Mr. MacKenzie spots a Phyics 11 Student spray painting “Phyics is Phun” on the side of the school.  The student having just finished, notices the look on Mr. MacKenzie’s face and starts running at 4.5 m/s.  Mr. MacKenzie starts chasing the student at about 5.5 m/s, but the student has a 12 meter head start.  Mr. MacKenzie can run pretty fast for short periods of time, but after about 60 meters (1/2 a football field) Mr. MacKenzie runs out of breath and has to stop.  Will the student get away or will Mr. MacKenzie catch him.  

Answer:  Draw a position-time graph, using the slopes of the lines, you can roughly determine when the two will pass.

dstudent = dMrMac at catch up point

dstudentfinal – dstudentintial= vstudentt 
dMrMacfinal – dMrMacinitial = vMrMact

therefore when MrMac catches up with the student, dMrMacfinal= dstudentfinal

vstudentt + dstudentintial = vMrMact

4.5*t + 12 = 5.5*t

t = 12 seconds 

Substitute t into one of the equations to find the distance when they pass:

dstudentfinal – 0 = vstudentt = 4.5*12 = 54 m

Since Mr. MacKenzie can catch up with the student after 54 meters, he catches him before running out of breath and stopping (at 60 m distance).

12.   Two students have made gocarts in Mr. Wellwood’s class and want to play bumper cars in the hallway.  Student 1 propells himself down the hall at a velocity of 4.5 m/s.  Student 2 has his buddies slingshot him down the hallway towards Student 1 at 6.9 m/s from 28 meters away.  When and where do they collide? 

Answer:  Draw a position-time graph, using the slopes of the lines, you can roughly determine when the two will pass.

d1final = d2final at catch up points

We will give Student 2 a negative velocity (opposite in dir’n to Student 1). Since Student 2 has a negative velocity, the slope of its line on the position time graph must be negative, therefore student 2 starts at position 28 m and student 1 at 0 m.

d2final – d2intial = v2t 
d1final – 0= v1t

v2t + d2initial = v1t

-6.9t + 28 = 4.5t

t = 2.4561 s  --> 2.5 s
Substitute t into one of the equations to find the distance when they pass:

d1 = v1t = 4.5*2.5 = 11.0524 m -->  11 m from student 1’s starting position.

13.  Ben Dieselrating is racing up to a stoplight. When it turns red, Ben hits the brakes and deaccelerates from 165 km/h at a rate of 15.0 m/s2.  The stoplight is 34.5 meters away when he starts to brake.  Will Ben be able to stop for the red light, or will he slide into the intersection?  

Answer:

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

Second, The next step of the strategy involves the listing of the known and unknown (or desired) information in variable form. 

	Diagram:


	Given:

vi = 165 km/h = 45.8333 m/s 

vf = 0 m/s

a = 15.0 m/s2
	Find:

d = ??


Third, the next step of the strategy involves identifying a kinematic equation which would allow you to determine the unknown quantity. 

vf2 = vi2 + 2*a*d

0 = 45.83332 + 2(-15.00)(d)

d = 70.0230 m --> 70.0 m

Ben Dieselrating slides right through the intersection.

14.  You drop a water balloon out of a hotel window 80.0 meters above the ground. If air resistance can be neglected, what will be the balloon’s instantaneous speed after 2.00 seconds? How far will it have fallen?  How long after dropping the balloon does it hit the head of your unsuspecting friend below? (Your friend is 1.80 m tall)

Answer:  

Assume the ground is position 0 and the initial position of the balloon is + 80 meters

vf = vi + a*t

vf = 0 + (-9.8 m/s2)*(2.0 s)

vf = -19.6 m/s (- indicates direction of downward)

(d = vi*t + 0.5*a*t2
df - di = (0 m/s)*(2.0 s)+ 0.5*(-9.8 m/s2)*(2.0 s)2
df – 80.0 = 0 m+ 0.5*(-9.8 m/s2)*(4.0 s2)

df = 60.4 m above the ground.  

Therefore it has fallen 80.0-60.4 m = 19.6 m below the window.

vf2 = vi2 + 2*a*(df-di)

vf2 = 0 + 2(-9.8)(1.8 – 80)

vf = 39.1499 m/s, downward --> -39.1499 m/s

vf = vi + a*t

-39.1499 = 0 + -9.8*t

t = 3.9948 s --> 3.99 s

15.   A lit firecracker is shot straight up into the air at a speed of 50.0 m/s.  How high is it above ground level 5.00 s later when it explodes?  How fast is it moving when it blows up?  How far has it fallen, if at all from its maximum height?

Δd = vi*t + 0.5*a*t2
df - di = (50.0m/s)*(5.0 s)+ 0.5*(-9.8 m/s2)*(5.0 s)2

df = 250 – 122.5

df = 127.5 m ( 128 m above the ground
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vf = 50.0 + (-9.8)(5.0)

vf = 1.00 m/s upwards

It has not fallen from its max height since its velocity at 5.00 seconds is positive and therefore the firecracker is still traveling upward.

16.  A young kid with a huge baseball cap is playing catch with himself by throwing a ball straight up.  How fast does he throw it if the ball comes back to his hands 1.0 second later?  What peak height does the ball reach?

Answer:  
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-vf = vi  substitute -vf into vi
vf = -vf  + (-9.8)(1.0) 

2vf = -9.8(1.0) 

vf = -4.9 m/s

vi = 4.9 m/s upwards

vf2 = vi2 + 2*a*(df – di)

(0)2 = (4.9)2 + 2(-9.8)(df – 0)

df = 1.225 m 

The peak height of the ball is 1.2 m above the ground

17.  A flea jumps into the air and rises to an altitude of 130.0 mm (which is 130 times its own height, the equivalent of you jumping 650 ft up).  How long is the flee in the air?

Answer:

130.0 mm x 1cm/10mm x 1 m/100 cm = 0.13

vf2 = vi2 + 2*a*(df – di)

0 = vi2 + 2(-9.8)(0.13 – 0)

vi = 1.5962 m
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0 = 1.5962 + (-9.8)(t)

t = 0.1628 s which is the time it takes to reach the peak.  To find the time in the air you must double it.

Time in air = 0.1628 x 2 = 0.32576 ( 0.3258 s
 18.  A raw egg is thrown horizontally straight out of the open window of a fraternity house.  If its initial speed is 20.0 m/s and it hits ground 2.00 s later, at what height was it launched?  What distance does it land from the base of the frat house?

Answer:

It is strongly recommended that you begin by listing known values for each of the variables in the kinematic equations and draw a diagram: 

	dxf = ???

vix = 20.0 m/s

ax = 0 m/s/s 

t = 2.00 s
	dyi = ???

dyf = 0 (ground) 

viy = 0.0 m/s 

ay = -9.8 m/s/s 

t = 2.00 s


dfy – diy = viy • t + 0.5 • ay • t2

0 – diy = 0 + ½ (-9.8)(2.0)2
diy = 19.6 m above the ground.

The egg was thrown horizontally from a height of 19.6 m above the ground.

dfx – dix = vix • t  

dfx – 0 = 20.0(2.0) 

dfx = 40.0 m from the base of the building. 

19.  A weather balloon is floating upward with a velocity of 2.0 m/s when it releases a pack of instruments.  If the pack hits the ground with a velocity of –73.5 m/s, how far did the pack fall?  How long did it take for the pack to fall?

Answer:

a.  Assume location of weather balloon when instruments drop is position 0 since you do not know the coordinates in relation to the ground.

vf2 = vi2 + 2*a*(df – di)

(-73.5)2 = (2.0)2 + 2(-9.8)(df – 0)

df = -275.4209 ( 2.8 x 102 m below the weather balloon.

b. 
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-73.5 = 2.0 + (-9.8)(t)

t = 7.7040 s ( 7.7 s

20.  A golf ball hit with a 7-iron soars into the air at 40.0o with a speed of 54.86 m/s.  What is its range (distance it travels horizontally) and when will it strike the ground?

FIRST, draw a diagram of the problem

SECOND, Choose an origin and an xy coordinate system

Since the golfball is hit from the ground, its x-y coordinate system is (0,0)

THIRD,  resolve the initial velocity into horizontal and vertical components using the trig functions.  Thus,

	Horizontal Component
	Vertical Component

	vix = vi•cos(Theta) 

vix = 54.86 m/s•cos(40.0 deg)

vix = 42.0251 m/s
	viy = vi•sin(Theta) 

viy = 54.86 m/s•sin(40.0 deg)

viy = 35.2633 m/s


FOURTH, Analyze the horizontal motion and the vertical motion.

	Horizontal Information
	Vertical Information

	dfx = ??? 

dix = 0

t = ???

vix = 42.0251 m/s

vfx = 42.0251 m/s

ax = 0 m/s/s
	dfy = ???

diy = 0

t = ???

viy = 35.2633 m/s

vfy = -35.2633 m/s

ay = -9.8 m/s/s


As indicated in the table, the final x-velocity Note vfx = vix. This is due to the fact that the no horizontal acceleration since there is . 

Also, vfy has the same magnitude and the opposite direction as viy.  This is due to the symmetrical nature of a projectile's trajectory.

The unknown quantities are the horizontal displacement, the time of flight, and the height of the golfball at its peak. 

FIFTH, devise an appropriate strategy for using the kinematic equations and the known information to solve for the unknown quantities. 

From the vertical information it becomes obvious that the time of flight of the projectile can be determined using the equation (vfy = viy + ay*t),

-35.2633 m/s = 35.2633 m/s + (-9.8 m/s/s)•t

-70.5266 m/s = (-9.8 m/s/s)•t

7.1965 s = t 

The total time of flight of the golfball is 7.20 seconds. 

With the time determined, information in the table and the horizontal kinematic equations can be used to determine the horizontal displacement (dx) of the projectile using the equation Δdx = vixt,

dxf = (42.0251 m/s)•(7.1965 s) 

dxf = 302.4 m

The horizontal displacement (range) of the golfball is 302 m.
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