Worksheet 3.1 – Independence of Perpendicular Vectors

1. A plane is flying round trip to an destination 250 km North of its starting point. The plane flies with an airspeed of 325 km/h and the wind is blowing at 50.0 km/h due North. 
a) How long does it take to get to the destination?	b) How long does it take to return to the starting point?





2) A tourist starts at the back of train that is 45 m long and walks towards the front at 1.5 m/s. The train is moving at 12 m/s.
a) How long does it take for the tourist to reach the front of the train, and how far has the tourist moved relative to the ground outside the train by the time they reach the front?




b) If the tourist decides to run all the way back to the end of the train at 6.0 m/s, how far have they travelled relative to the ground outside in this time?




3) Solve the following triangles (all sides and angles) using SOH – CAH - TOA and Pythagoras 




						





4) Add the following x and y vectors, draw the resultant vector and solve its magnitude and direction.

a) x: 3.4 m   y: 2.7 m			b) x: 5.6 m/s  y: -7.1 m/s		c) x: -211 m y: -44.0 m
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Glorfindel is riding on his stallion going 60. m/s due North. He pulls out an arrow and notches it.
Determine the velocity of his arrow over the ground if he fires it at 80. m/s relative to the horse, in
the following directions...

a) straight ahead (due north)

b) To the rear (due south)

You are down at the railyard at 4:30 AM to watch a taping of an Alias episode. You watch as a train
goes by at 5.0 m/s south. On top of the train, Agent Sydney Bristow is running north. You see
Sydney moving at 8.0 m/s North. At what speed does the camera crew on the train see Sydney
running, and in what direction?

Later during the same shoot the train goes by you at 10.0 m/s south while Sydney runs across a flat
bed car at 6.0 m/s west, as far as the camera crew on board is concerned. You are watching from a
platform above the train. What is Sydney’s velocity from your perspective?

The Qualicum river flows due west at 4.7 m/s at the spot where Benji, the dog, jumps in and swims
at 3.0 m/s, heading straight across, always looking directly at the south bank. Determine the dog’s
velocity relative to a stationary observer.

Sir Isaac Newton is bumping along on his pony going 22 m/s due east when he sees his arch-
nemesis, Robert Hooke. Newton pulls an apple out of his pocket and hurls it at 40.0 m/s to the
north, as far as he is concerned. What is the apple’s velocity over the ground?

Amy Grant’s river boat can go 40.0 km/h through the water. The Mississippi River flows due west
at 20.0 km/h at the spot where Amy wishes to make a direct crossing to the north side. Determine
the heading Amy must take, and the time it will take her to cross the 2.0 km wide Mississippi River.

Bobo, the clown, can swim at 2.0 m/s. He must make a landing directly across to the north side of
the Styx river, which is 100. m wide. The river flows at 6.0 m/s due east at this point. Bobo’s
biggest problem is that he can only swim while facing due north. How can he possibly make a
landing at the desired location?

You are in the back of a pickup truck on a warm summer day and you have just finished eating an
apple. The core is in your hand and you notice the truck is just passing an open dumpster 7.0 m due
west of you. The truck is going 30.0 kmv/h due north and you can throw that core at 60.0 km/h. In
what direction should you throw it to put it in the dumpster, and how long will it take it to reach its
destination?

1)a. 140. m/s N b. 20. m/s S 2) 13 m/s, N 3) 12 m/s, 31° W of S 4) 5.6 m/s, 33° S of W 5) 46 m/s, 61° N of E
6) 30.0° E of N, 210. S 7) He must start swimming 300 m upstream. 8) 30.0° S of W, 0.48 s
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Projectiles in 2D

Type 1
1. A rock is thrown horizontally from the top of a cliff 98 m high, with a horizontal speed of 27

m/s.

(a) For what interval of time is the rock in the air?

(b) How far from the base of the cliff does the rock land?
(c) With what velocity does the rock hit?

A rescue pilot wishes to drop a package of emergency supplies so that it lands as close as
possible to a target. If the plane travels with a velocity of 81 m/s and is flying 125 m above
the target, how far away (horizontally) from the target must the rescue pilot drop the
package?

A bullet is fired with a horizontal velocity of 330 m/s from a height of 1.6 m above ground.
Assuming the ground is level how far from the gun will the bullet hit the ground?

A fireman is standing on top of a building 20.0 m high. He finds that if he holds the hose so
that water issues from it horizontally at 12 m/s, the water will hit a burning wall of an
adjacent building at a height of 15.0 m above the ground. What is the horizontal distance
from the fireman to the building?

Type 2
5. An earth bound golfer strikes a golf ball giving it a velocity of 48 m/s at an angle of 50° to

the horizontal.

(a) What are the vertical and horizontal components of the ball's initial velocity?
(b) How long is the ball in the air?

(c) What is the horizontal distance covered by the ball while in flight?

(d) What velocity does the ball have at the top of its trajectory?

A golf ball was struck from the first tee at Lunar Golf and Country Club. It was given a
velocity of 48 m/s at an angle of 40° to the horizontal. On the moon, agryity = -1.6 m/s’.
(a) What are the vertical and horizontal components of the ball's initial velocity?

(b) For what interval of time is the ball in flight?

(c) How far will the ball travel horizontally?

An archer standing on the back of a pickup truck moving at 28 m/s fires an arrow straight up

at a duck flying directly overhead. The archer misses the duck! The arrow was fired with an

initial velocity of 49 m/s relative to the truck.

(a) For how long will the arrow be in the air?

(b) How far will the truck travel while the arrow is in the air?

(c) Where, in relation to the "duckless" archer, will the arrow come down? Will the archer
have to 'duck'?
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8. A ball is thrown with a velocity of 24 m/s at an angle of 30° to the horizontal.
(a) What are the vertical and horizontal components of the initial velocity?
(b) How long is the ball in the air?
(c) How far away will the ball land?
(d) To what maximum height will the ball rise?
(e) With what velocity will the ball land?

9. A youngster hits a baseball giving it a velocity of 22 m/s at an angle of 62° with the
horizontal. How far will the ball travel before it is caught by a fielder (assuming the fielder
catches the ball at the same height that it is hit)?

10. On level ground, a football is thrown up at a certain angle. The ball is in the air 2.0 s and
strikes the ground 30.0 m from the thrower. What was the ball's total initial velocity?

Type 3

11. A pebble is fired from a slingshot with a velocity of 30 my/s. It is fired at an angle of 30° to
the horizontal. If its flight is interrupted by a vertical wall 12 m away, at what height does it
hit the wall?

12. A diver takes off with a speed of 8.0 m/s from a 3.0 m high diving board at 30° above the

horizontal. How much later does she strike the water?

13. A pilot cuts loose two fuel tanks in an effort to gain altitude. At the time of release, the plane
was 120 m above the ground and traveling upward at 30° to the horizontal, with a speed of 84
m/s. For how long did the tanks fall and with what speed did they hit the ground?

1)a.4.5sb. 120 m c. 51 m/s 58° below horizontal 2) 410 m 3)190m 4) 12 m
5)a.vx=31m/svyo=37m/s b.7.5s¢.230m d. 31 m/s

6)a.vx=37m/svyo=31m/s b.39s c. 1400 m

7)a.t=10sb.dx =280 mc. yes

8)a.vx=21m/svyo=12m/sb. t=24sc.dx=51 md. dy =7.3 me. 24 m/s 30° below horizontal
9)dx=41m

10) v = 18 m/s 33° above horizontal

11)dy=59m

12)t=13s

13)t=11s,v=97m/s
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