Vectors in the Plane

1. The figure below gives the x- and y-coordinates of a point P and the x- and y-components of the vectors 
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 What are the coordinates of S? Ans:(210,30)
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2.
The figure below shows force vectors F, G, and H and their x- and y- components.  Calculate their resultant F + G + H and add it to the drawing. Ans: 
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3. (a) Calculate A • B for A = i + 5j and B= 6i + 4j.  (b) What is the component of A in the direction of B?  (c) Find the projection of A on a line through B and draw the three vectors together.  (d) What is the length of 
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 and why is it equal to the answer from part (b)?

Ans: a) 26; b) 
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; c)
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4. Give the two vectors of length 10 that are perpendicular to
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.  Then draw the three vectors. 
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5. Find an angle of inclination of
[image: image11.wmf]3

,

5

-

-

.  Give an exact answer and its approximate decimal value.  Ans: 
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6. Find numbers a and b such that a 
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. Ans: (a = 2, b = -5)

7. Find the exact x- and y-components of (a) the vector of length 5 with angle of inclination 
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 and (b) the vector of length 7 with angle of inclination 
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. Then draw the two vectors.

Ans: a) 
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8. The displacement vector 
[image: image19.wmf]PQ

 has length 10 and angle of inclination -0.5 radians, and the point P is (-5, 5).  Give the exact x- and y-coordinates of Q.

Ans: 
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9. What are the length and angle of inclination of 2
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10. What vector of length 7 has the same direction as 
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 where P = (-5, -3) and Q = (4, -8)?

Ans: 
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11. Find A and B such that 3A + 4B = i + j and A – 2B = 2i – 3j.  Ans A=
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, B=
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12. A sailor tacks toward the northeast from point P to point R and then tacks toward the northwest to Q (figure below).  The point is 300 meters north and 100 meters east of P.  How far does the sailor travel on each of the tacks? Ans: 
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13. A skater skates in the direction of the vector 
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 from point P to point R and then in the direction of 
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 to Q, where 
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 meters (figure below).  How far is R from P and how far is R from Q? Ans: 
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14. The boat in the figure below is being pulled into a dock by two ropes.  The force F by the upper rope has the direction of the vector 
[image: image36.wmf]2,2

 with the usual orientation of coordinate axes, and the force G by the lower rope is in the direction of 
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.  The total force on the boat by the two ropes is 
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 pounds.  What are the magnitudes of the forces by the two ropes?
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Ans : upper 
[image: image39.wmf]402

, lower 
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15. The force of the wind on a rubber raft is twenty-five pounds toward the southwest.  What force must be exerted by the raft’s motor for the combined force of the wind and motor to be twenty pounds toward the south? 
Ans: 
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16. The forces F = 
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, G = 
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 and C = 
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 (dynes) are applied at the same point.  What is the magnitude of their combined force and what are its magnitude and angle of inclination? Ans: 
[image: image45.wmf]1

217tan4

-

.

17. Two wires suspend a twenty-five-pound weight.  One wire makes an angle of 45° with the vertical and the tension in it (the magnitude of the force it exerts) is twenty pounds.  What is the tension in the other rope and what angle does it make with the vertical?  (Notice that the angle with the vertical is not the angle of inclination.) Ans: 17.83 lb. 
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18. The figure below shows four forces, measured in Newtons that are applied to a ring.  Find a magnitude and angle of inclination of their resultant.                       Ans: 17. 3N
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19. The resultant of the three forces on the eyebolt in the figure below is 1000j pounds, with the usual orientation of axes.  (a) What is the angle of inclination of the nine-hundred-pound force? (b) What is the magnitude of the force P?         Ans; a) 
[image: image48.wmf]1

sin(7/9)

p

-

-

, b) 165.69 lb.
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20. The force F exerted by the lower jaw in the figure below is directed upward and is the sum of the force FT exerted by the temporalis muscles and the force FM exerted by the masseter muscles.  (a) What is the angle between F and FT if |F| = 5 pounds, |FT |=|FM|, and the angle between F and FM is 0.61 radians?  (b) Find FT and FM.
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Ans: 
[image: image49.wmf]0.61

T

q

=

, |FT |=|FM|=3.1, FM 
[image: image50.wmf]1.8,2.5

;

, FT  
[image: image51.wmf]1.8,2.5

-

;


21. Give the two unit vectors in an xy-plane that are parallel to the line y = 2x + 1.

Ans: 
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22. Give the two unit vectors in an xy-plane That are parallel to the tangent line to y = x3 at x = 1.   Ans: 
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23. Give the two unit vectors in an xy-plane that normal to y = sin x at x = 
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Ans: 
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24. Find the two vectors of length 15 that are perpendicular to 
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 in an xy-plane.

Ans: 
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25. Find numbers A such that 
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 (a) are parallel and (b) are perpendicular. Ans: a) A=3/2 b) A=-8/3

26. Find the vector A parallel to B = 
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 such that A + B has component 12
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 in the direction of 
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27. (a) Explain why three forces applied at the same point are in equilibrium if and only if the arrow representing them can be translated to form the sides of a triangle with the tip of each vector at the base of another.  (b) What is the corresponding result for four force vectors in a plane? 

 Ans: a) The vectors in the triangle will be A + B = -C  or A + B +C = 0
 b) Vectors in a quadrilateral with the tip of each vector at the base of the next.

28. The point P in an xy-plane lies one-fourth of the distance along the line segment from Q to R.  Use vectors to express the coordinates of P in terms of the coordinates of Q and R. 

Ans: 
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29. (a) Find the coordinates of the point one-third of the way from (2,4) along the line segment to (6,3).  (b) Find the coordinates of the point one-fifth of the way from (1, -3) along the line segment to (7,0). 

Ans: 
[image: image65.wmf]1011

,

33

æö

ç÷

èø

,
[image: image66.wmf]1112

,

55

æ-ö

ç÷

èø


30. Two ropes at angles of 
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 with the vertical are supporting a 500 Newton weight.  What is the tension (magnitude of the force) in each rope?  Use the identity 
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Ans: 
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