Engineering Fundamentals Assignment #3

Hand in ONLY problems 1 (35%), 8 (35%), 9 (30%)
Marking will be based on accuracy as well as clarity of your steps.

Solutions of other problems are attached.

Vectors
1. By representing vectors in x-y coordinates, find the resultant vector of the three vectors shown as below. Given A=140N, B=90N and C=160N. (N stands for Newton and is the SI unit for force.)

[image: image26.wmf]
2. Imagine you are an adventurer in a jungle. Your GPS receiver told you that your destination was 15km at a direction of 40o north of west, but the only path led directly north. If you took that path and walked 10km, how far, and in what direction would you then have to walk to reach the destination?

[image: image2]
3. A car weighing 22500N is parked on a 25o hill. Find the components of the car’s weight parallel and perpendicular to the road.

[image: image3]
4. If the car weighing 22500N rolls down the hill at 15m/s, find the magnitudes of the horizontal and vertical components of the car’s velocity.


[image: image4]
5. [image: image1]A jet plane is traveling due east at a speed of 700km/h. If a wind of 80km/h is blowing due southwest, find the magnitude and direction of the plane’s resultant velocity.
[image: image5]
6. Two tugboats are pulling a ship. The first tug exerts a force of 1500N on a cable, making an angle of 37o with the axis of the ship. The second tug pulls on a cable, making an angle of 36o with the axis of the ship. The resultant force vector is in line with the axis of the ship. What is the force being exerted by the second tug?

7. An airplane is flying at 340mph with a heading of 210o. If a 50mph wind is blowing from 165o, find the ground speed, drift angle and course of the airplane.
(Note that in flight terminology, the heading of an aircraft is the direction in which the aircraft is pointed. Usually the wind is pushing the aircraft so that it is actually moving in a different direction, called the track or course. The angle between the heading and the course is the drift angle. The ground speed is the speed of the aircraft relative to the ground.)


[image: image6]
8. An airplane in level flight drops an object. The plane was traveling at 180m/s at a height of 7500m. The vertical component of the dropped object is given by Vy=-9.8t m/s. What is the magnitude of the velocity of the object after 8s? At what angle with the ground is the object moving at this time?

[image: image7]
9. You are writing a PC video game program. The current enemy plane location is at [Px, Py, Pz] m. A missile is trying to hit the plane and its current location is at [Mx, My, Mz] m, according to a fixed x-y-z coordinate frame and its current directional unit vector is at [Vx,Vy,Vz]. The missile is moving at a constant speed of S m/s.  To draw the 3D missile for the next screen shot, you need to know the location and direction of the missile. What should your missile location and direction (unit vector)  to be for the next screen shot? Assuming that the PC refreshes its screen every 0.03s. 

Answer:
1. to be handed in.

[image: image8]
First find the x-y components of R and A.
	Vector
	Horizontal component
	Vertical component

	A
	Ax=0
	Ay=10km

	R
	Rx=15cos(140o)=-11.5km
	Ry=15sin140o=9.6km


We know that
R=A+B or B=R-A
Hence Bx=Rx-Ax=-11.5-0=-11.5km (This component points west)

And By=Ry-Ay=9.6-10=-0.4km (This component points south)

Magnitude of B
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and the direction of B
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Therefore, vector B=11.5km, 2.0o south of west


[image: image11]
	Vector
	parallel component
	perpendicular component

	W
	F1=Wsin25o=22500sin25 o =9508.9N
	F2=Wcos25o=22500cos25 o =20391.9N



[image: image12]
	Vector
	horizontal component
	vertical component

	V
	Vh=Vsin25o=15sin25 o =6.3m/s
	Vv=Vcos25o=15cos25 o =13.6m/s



[image: image13]
	Vector
	Horizontal component
	Vertical component

	W
	Wx=80cos(225o)=-56.6
	Wy=80sin225o=-56.6

	P
	Px=700cos(0o)=700
	Py=700sin0o=0

	R
	Rx=643.4
	Ry=-56.6


Magnitude of resultant vector 
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Angle of resultant vector
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or 5.03o south of east

2. Since the resultant force vector is in line with the axis of the ship, the vertical components of the two tugs is equal in magnitude but opposite in direction.
Hence we have
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Magnitude of vector B is 1535.8N

[image: image17]
OA represents the airspeed of 340mph with a heading of 210o, and OW represents a wind of 50mph from 165o. Note that while the wind is from 165o, it has a heading of 180o+165o=345o
OR represents the ground speed, Ө is the drift angle and Φ is the course.
The following table lists the horizontal and vertical components of each vector OA, OW and OR.
	Vector
	Horizontal component
	Vertical component

	OA=A
	Ax=340cos(210o)=-294.45
	Ay=340sin210o=-170.00

	OW=W
	Wx=50cos(345o)=48.3
	Py=50sin345o=-12.94

	OR=R
	Rx=-246.15
	Ry=-182.94


Magnitude of resultant vector 
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Angle of resultant vector
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Since Φ is in the 3rd quadrant, 
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Therefore, the plane has a ground speed of 306.69mph, a drift angle of 6.62o and a course of 216.62o.
3. to be handed in
9.
to be handed in
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