Chapter 3
Summary
Consider vector A, with a direction of 0 above the horizontal.

A, = |A|cos8 = The projection of A along x-axis ,
= The component of A along x-axis,

= |A|sin 6 = The projection of A along y-axis
= The component of A along y-axis.

Define the two vectors A = (Axi + Ay] + AZR) :

—

B= (Bxi + By] + BZR) and the angle between them is 6. Then we

can construct the following table:

Dot-product Cross-product
Definition | % 5 |xllo ~ 3 |~ 18l A
A-B:‘AHB‘COSH AxB=|Alx|Bsing
Unit A S AL Lol A
i-i=j-j=- Ixi= =kxk=0,
vector I <]
I-j=J-i=---=0 Ixj=Kk, jxk=1,kxi=]
Expansion AB=(Ax'+ij+Azk)'(Bxi+By]+BzR) AxB=(Ai+Aj+AK)x(Bi+Bj+BK)
=AB, +AB, +AB, =(AB,-AB,)i-(AB,-AB,)j+(AB,~AB,)k
i ] Kk
=A, A, A,
B, B, B




Q1: A vector A is added to the sum of two vectors B=3.0i- 2.0] —2.0K and
C=20 i—]+3.0f< such that A+ B+ C =K. The vector A is:

Answer:
A+B+C=k = A+3.0i-20j-2.0k+20i-]j+3.0k=Kk
— A+50i-3j=0 |
A) —5.0i+3.0j
B) 5.0i-3.0]
C) —3.0i-1.0]
D) —1.0i+3.0]
E) 3.0

Q2. Consider the vector A=3.0i+4.0j. Which of the following vectors is perpendicular to

vector A:
Answer:

A-B=0 = AB,+AB =0 = —L=-"x="Sor—.

A) 4.0i-3.0]
B) 6.0i—4.0]
C) 4.0i+3.0]
D) —3.0i—4.0]
E) 3.0i+4.0]

— —

Q3. Find the sum of the following two vectors: A: 8.66 in +x-direction, B : 10.0, at 60° from
+y-axis measured counterclockwise.
Answer:

A+B=8.661+10.0Cos(60°)]j—10.0Sin(60° )i =5.00].
A) 5.00]
B) 3.00i+4.00]
C) 6.00i+8.00]
D) 8.661+10.0]
E) i+16.7]




A vector B , when added to the vector C=3.0i+4.0 j, yields a resultant vector that is in the

positive y direction and has a magnitude equal to that of vector C . What is the magnitude of
vector B?

A) 3.2

B) 1.9

C) 24

D) 0.2

E) 0.6

Answer:

Define B = Bxi + Byj then the resultant of B and C is

B + C = (Bx + 3.0)i + (By + 4.0)j =(0)i + (/3% + 4% =5)j
Then:

Bx+3.0=0=>Bx=-3.0,By=5-4=1

|B|=v1* +3 =10 =3.16

The magnitude of vector B is 3.2.
cC=1{3, 4, 0}; BB={a, b, 0};

Solve [CC+BB- {0, Norm[CC], 0} =0, {a, b}]

{{a—= -3, b—-1}1

Norm[BB] /. {a-> -3, b1} //N

3.1e228

Q6.
A man walks 3.00 km due East, then 7.00 km 25° South of East, and then 12.0 km due South.
What is the final location, in km, of the man from the starting point?

A) 9.34i-15.0]

B) 6.21i-13.2]

C) -8.04i+11.1]

D) —15.0i—-8.45]

E) None of the other answers

Ans:
A, =3+7cos(25")~9.34,

A =-12-7sin(25") ~-15

Q7.



Consider two vectors, A and B , each has magnitude L and having an angle 60° between them.
The magnitude of the product (Rx@)-ﬂ is:

A) 0

B) 3L2/2
C) L2

D) 3L2

E) 3L%4

(Rxﬁ)ﬂ:E-Kz‘ffHK‘cos(QO") =0

Qs8:
In the diagram, vector (/T) has magnitude 12 m and vector ( §) has magnitude 8.0 m. The y-
component of vector (ff —-B ) is about:

ne)

A. 448 m
B.7.61m
C.154m
D.125m
E. None of the other answers

Qo:
Let A =1+ 2.00j + 2.00 kand B = 3.00 i + 4.00 k . The angle between these two vectors is:

A.21.0°
B. 87.2°
C.625°
D. 42.8°
E. None of the other answers

Q10:

A certain vector (A) in the xy plane has an x component of Ax = 4.0 m and a y component of Ay
=10 m. It is then rotated in the xy plane so its x component is doubled. Its new y component is
about:



A.20 m
B.7.2m
C.50m
D.45m
E. None of the other answers
Answer:

The rotation will not change the magnitude of A If we have the vector A’ after rotation, then
2 =2
‘A‘ = ‘A" — 4% +100° =87 +y"
y'=72m



Worked Examples: PHYS101 -~  Chapter 3 (Instructor: Dr. Al-Shukri)

1. Vector A =(5.0i + 3.0j) m, and vector B is 6 m in length and making 120 degrees angle with
+ve x—axis. Find A-B.

a. (8.0i—22j)m b. (8.0i+82j)m c. (20i+82j)m d. (2.0i-5.6j)m
2. Ifa=(3.0i +4.0j) mand b = (5.0i —2.0j) m, find the angle between the two vectors.

a. 75° b. 31° c. 82° d. 55° e. 93°

3. For the following three vectors; A = 2i+3j+4k, B = 4i+4j and C = 2i+2k, find A.(BxA).

a. 0 b. —-16i +16j -8k c. 16i -16j +8k
d. 8i—8j-8k e. —8i + 8j +8k

4. The two vectors A and B shown in the Figure have equal magnitudes of
10.0 m. Find the magnitude of the resultant of these vectors and the angle it
makes with the positive x-axis.

a. 141m,75° b. 10.0m,90°
c. 120m,60° d. 16.0m,30° e. 20.0m,45°
Answer:

For vector B, take the axis as shown in the figure

A =10.0Cos(30°)i+10.0Sin(30° ) y
B=-10.0 Cos(60°)i+10.0Sin (60°) V
%+ B- o,
A:'TIOCQ::;[JODegL‘eeJ { + 10Sin[30Degree] 3} ‘200 .
. B= -IDCDS—['?D Degree] i + 10 8in[60 Degrea) j

A+B // Simplify

3 4 e
-1+ V3 )1X4°1+¢3 )27

r—\\12 F=\\21
Mr-‘:sultant:.‘;qzt[(b (—1»‘-1’3“ +(b (1"v‘3 )|/ N
14.1421
[ 10’4‘—3_
@ = ArcTan| - J «180/x // N
to1:v3

5 A \}éctor in the xy-plane has a magnitude of 25.0 and an x-component of 12.0. The angle that
it makes with the positive x-axis is:



a. 61.3° b. 25.6° c. 28.7° d. 64.3°

6. The unit vectors in the positive directions of the X,
y, and z axes are labeled i, j, and k. The value of i.(j x k) is:

a. +1 b. -1 c. 0 d —i e 4

o

7. Unit vectors i, j, k have magnitudes of unity and are directed in the +ve
directions of the X, y, z axes. The value of k.(k xi) is:

ol

@l

a. 0 b. -1 c. +1 d. i e ]

>l

8. The Figure shows four vectors A, B, C, D. Which one of the following
statements is correct?

C=D+B-A
C= A+B+D
C=-D-B+A
C= A-B+D
C=-A-B-D

P00 T

9. If we have two vectors A=(ai—2j)andB=(2i+3))
such that A.B = 4, find the value of a.

a5 b4 c. 0 d 5 e 4
10. Which of the following is NOT a unit vector?

Y (i) b. vectora/|a| c. jxi
d (i+j+k/\3 e. 0.6j+08k

11. What is the angle between the two vectors A = (i —2j +2Kk) and B = (-2i +j +2k) ?
a. 90° b. 30° c. 45° d. 60° e.0°

12. A student makes the journey from KFUPM to a Super . Exhibition Ceater
Market and then to Khobar City Center and finally to Exhibition
Center. The magnitude and the direction of each of these
displacements are indicated in the Figure. Give the resultant
displacement from KFUPM to the Exhibition Center in unit
vector notation.

a. (6.2i+5.8]) km b. (-0.5i+12.1j) km s
C. ( 52i + 58 J) km d (132i +121j) km Khobar City Center
e. (9.1i+ 8.7j) km



13. The angle between the two vectors A=2i+4jandB=4i-2jis:
a. 90° b. 27° c.39° d. 180°

14. As shown in the Figure, a block moves down on a 45 ° inclined plane
of 2.5 m length, then horizontally for another 2.5 m, and then falls down
vertically a height of 2.5 m. Find the magnitude and direction of the
resultant displacement vector of the block.

6.0 m and 45 ° below horizontal axis
3.5m and 30 ° degrees below horizontal axis
6.0 m and 30 ° below horizontal axis

3.5m and 45 ° below horizontal axis

5.5m and 60 ° below horizontal axis

Poo0 o

15. Given the vectors A=3j+ 6k, B =15i+ 21 k. Find the magnitude of vector C that
satisfies equation 2A +3C - B =0.

a. 6.16 b. 5.48 c. 185 d. 6.71

16. Two vectors are givenas: A=-3.0i+5.0j+4.0kandB=4.0i+5.0j+ 3.0 k, where i, j
and k are the unit vectors in the positive x, y and z directions. Find the angle between the
vectors A and B.

a. 60° b. 45° c. 150° d. 30° e. 90°

17. In the cross product F =v x B, take v=2.0 i, F = 6.0 j and the x-component of vector B
equals zero. What then is B in unit-vector notation?

a. -3.0K b. 3.0k c. 20j+6.0Kk
d. 2.0j-6.0k e. 20j+6.0k

18. Two displacement vectors A and B have equal magnitudes of 10 m. Vector A is along the
+y axis and vector B makes 45 ° counterclockwise with +x axis. Find the vector C such that B +
C=2A.

a. C=-7i+13] b. C=-7i+3]

c. C=7i+13]j d C=7i+3] e. C=7i+27j

19. An object is displaced initially by -30 j m then by 50 m in a direction y

making an angle of 37 ° with +x axis (see the Figure ). What is the resultant

displacement?

a. (40i) m b. ( 40i +30j) m Z2 —>
C. (-40i-60j) m d. (-40i)m e. (-40i-30j) m



20. Vector A has a magnitude of 40.0 cm and is directed 60.0 degrees above the negative x-axis.
Vector B has magnitude of 20.0 cm and is directed along the positive x-axis. Find the resultant
vector (i and j are unit vectors along positive x and y axes, respectively).

a. 34.6jcm b. 34.6icm c. 20.0icm
d. 20.0jcm e. (20.0i+34.6j)cm

21. Consider two vectors A=(3i+4j)cmand B =(-41i+ 3j)cm. Find the angle between
these two vectors.

a. 90° b. 45° c. 120° d.0° e. 25°

22. If vector A is added to vector B, the result is (6 i + 1j) m. If A is subtracted from B, the
resultis (- 4 i + 7 j) m. Find the magnitude of B.

a. 4m. b. 8 m. C. 2m. d. 1m. e. 9m.

Q: Two vectors are given by A=2.00i +2.00] and B =—2.00i +4.00], find the angle
between A and B.

A) 71.6°
B) 45.0°
C) 56.1°
D) 18.4°
E) 24.5°
Ans:
A= [A][B] cost
(2)(=2) + (2)(4) = V4 + 4 V4 + 16 cosd
4

cosp = = ¢ =71.6°

V8v20

Q8.

The two vectors shown in Figure 2 lie in an xy plane. What are the signs of the x and y
components, respectively, of the vector (d, -d,) ? Fiaure 2
A) ++
B) +, - 4
C) -+ /
D) -, - \
E) None of the other answers is correct. /

{

Ans:
Drag Hz to orgin then reverse. 81 and drag it to tip ofaz




Qo.

For the following three vectors, find C - (2Ax B)
A=2.00i +3.00]
B =—3.00i +4.00]
C =7.00i +3.00k

A) 102
B) -14.0
C)o0
D) 56.0
E) 78.0
Ans:
2A xB=(2)[8k+9k| =34k
C- (2AxB) = (3)(34) = 102
Q10.
A man makes three successive displacements; 3.50 m south, 8.20 m northeast, and 15.0 m
west, respectively. Find the resultant displacement (both the magnitude and direction
relative to the east and measured counter-clock wise).
A) 9.48 m, 166°
B) 9.48 m, 45.0°
C) 9.48 m, 225° 0 ;‘@\
D) 5.80 m, 45.0°
E) 5.80 m, 225°
Ans:
R=.(9.2)2+(2.3)2=9.48m
tan 0 23 0 =14.0
= — = . °
)
= & =180°—14° = 166°
Q1o0.

A vector in the xy plane has a magnitude of 25 and the magnitude of its x-component is
12. The angle this vector makes with the positive y-axis is:

A) 29°
B) 64°
C) 61°
D) 24°
E) 41°

10



Ans:

A =12 =Xxcosy =25cosy
12 o
v 5 14

Then 90—y ~ 29

Q11.
The vectors X, Y, and Z are related by Z - Y + X = 0. Which diagram in Figure 6
illustrates this relationship? Figure 6
A) Figure 6-1 z \ % X /7/ \ NX
B) Figure6-2 < v N £ v N £y
C) Figure 6-3 Figure &1 Figure 63— Fign‘r;TS—-S‘__‘::‘
D) Figure 6-4 oS PN
E) Figure6-5 %7 X [ 7T
Q:____-__\_ S ':____—_\ Ng 3
Figure $¢ N l-’igurr;»-—ﬁ—--‘_‘\;
Q12
The result of (jxK)x(kxi) is:
[ i , J and K are the unit vectors in the X, y and z-direction, respectively]
A) k
B) 0
C) i
D) |
E) -k
Ans:
(j x/k\)x(/k\xf)= ixj=k
Q1s.

A particle undergoes a displacement, A;=2.0f—3.03+6.0f<, ending with the position

vector, r =3.0]—4.0|A< in meters. What was the particle’s initial position vector? [ i ]

and K are the unit vectors in the X, y and z-direction, respectively]

A) —2.0i+6.0j-10k
B) 6.0j+10k
C) 2.0i+3.0k

11



D) 2.0k
E) —2.0i+3.0j—9.0k

Ans:
Ar=r, -1 = AF=20i-30+60k =(30]-40k)-r,
r =20i+60]-10 Kk
Q7.
A man walks 50 m in a direction 37° north of east at 5.0 m/s, then 60 m south at
4.0 m/s. How long would it take him to get back to his starting point at 5.0 m/s
by the shortest path?
N
A) 10s I
B) 155
C) 20s
D) 5.0s 37°5m/s 60matdm/fs £
E) 35s
Ans:
Ax = 50c0s37 =399 m
Ay = 50sin37 — 60 = 30.09 — 60 = —29.9
r 499
r=,(x)?2+(Ay)2=499m, t= = =998sec
Q8.
Vector A has a magnitude of 35.0 m and makes an angle of 37.0° with the
positive x axis. Find a vector B that is in the direction opposite to vector A and is
one fifth the magnitude of A.
A) —(559m) i —(4.21m) j
B) (559 m) i +(4.21m) j
C) (0.798m) i —(0.602m) j
D) —(1.56m) i —(5.06m) j
E) —(0.798 m) i +(0.602m) j
Ans:
§ _ K
_ -5
A = 35c0s371 + 35sin37]
A = 27.957+ 21.06]
- 1
B = —§(27.95?+ 21.06))
= —5.597 — 4.21}
Q9. If A=2{ +3j,B={—jandC= i+ ,find (AxB).C.

12



A0

B) -6
C) +6
D) -3k
E) +2i
Ans:
C=1+j;D=AxB=k
D.C=0
Q10.
The scalar product of vectors A and B is 6.00 and the magnitude of their vector product
is 9.00. Find the angle between these two vectors.
A) 56.3°
B) 43.0°
C) 23.4°
D) 37.5°
E) 90.0°
Ans:
ABcos® = A.B=6,|A X B| = 9.0 = ABsin6
tang — AB 9 15
M =IAxB 6
8 = tan"1(1.5) = 56.3°
Q7.
Initially an object moves 1.00 m in a straight-line from point A to point B. Then, it changes
direction and moves another 1.00 m in a straight-line until it reaches point C. Point C is at
a distance of 1.00 m from point A. Through what angle did the object changes its direction
with respect to its initial direction of motion?
C
A)  120° .
B) 70.0° 1.0 m
C)  100° 1.0m,
D) 135° 60> 120°
o A
E) 140 10m B
Q8.

Oasis B is 20 km due east of oasis A. Starting from Oasis A, a camel walks 20 km in a
direction 37° south of east and then walks 8.0 km due north. How far is the camel then
from oasis B?

20 km N

>

370 a

A) 5.7 km A
B) 4.0 km
C) 6.6 km
D) 2.7 km
E) 1.4km

13



Ans:

D=d-b-¢
= 207 — bcos37°T + bsin37°] — cj

= 207 — 15.977 + 12.04] — 8

D = 4.037+ 4.04] = |D| = /(4.03)? + (4.04)2 = 5.7 km

Qo.
Vector A has a magnitude of 5.0 units and vector B has a magnitude of 10 units. Which
of the following values is not possible for the scalar product of vectors A and B ?
A) 55
B) 45
C) 35
D) Zero
E) 25
Ans:
|A. Blmax = 50; |A. Bl pin = 0
Q10.
Vector A =1.001 +3.00 j ,vector B =4.001 —1.00 j and the vector C = 2.00 K . Find
the angle (in degrees) between vector A and vector B xC .
A) 176
B) 103
C) 76.0
D) 1.1
E) 24.0
Ans:
o o . . AxDy + A,D,
D = B X C then angle between Aand D = 6 = cos™! (W>
D=EBxC=(4—1.0)) x 2k = —8] — 27
ID| = V68 = 8.25; |A| = V10 = 3.16
o = —1( 24 )—1758°~ 176°
- \825x316) " 7 =
Q7.

A car travels 20.0 km due north and then 35.0 km due west. Find the car’s resultant displacement
relative to the starting point?

14



A) 40.3 km, 60.3° west of north
B) 45.3 km, 30.3° north of west
C) 65.0 km, 65° north
D) 30.5 km, 45.0° west of south
E) 65.8 km, 25.0° east

15



Q8.
If A=2.0i +3.0j , B=-3.0i +4.0] and C=7.0i +3.0], find Cx (2A—B)?

A) —7.0k

B) 7.0k

C) 2.0i +1.0]
D) 0

E) —6.0)

Qo.

In Figure 1, the magnitudes of vector a=4.0m, b =3.0 m, and € =5.0m. If the + z axis is out
?

b
of the page, find the magnitude and direction of Cxbs

.1.

b

X
a

A) 12 m, along the — z axis

B) 9.0 m, along the + y axis

C) 12 m, along the —y axis

D) 12 m, along the + z axis

E) 9.0 m, along the + z axis

Answer: From the figure, itisclearthat @ + b + ¢ = 0, where a L b .

|BxCl=|bx(-a -bB)=|—«(bxa)|=|(axb)|=12

along the — z axis

Q8:
A vector B, when added to the vector C = 3.0 i + 4.0 J, yields a resultant vector that is in the
positive y direction and has a magnitude equal to that of C. What is the magnitude of B?

Answer:

Define B = Bxi + Byj then the resultant of B and C is

B+ C = (Bx+ 3.0)i + (By+ 4.0)j .

We are told that the resultant points in the positive y direction, so its x component must
be zero. Then:

Bx+3.0=0=>Bx=-3.0.

Now, the magnitude of C is

16



C=,/C2+C2= \/(3.0)2 +(4.0)2 = 5.0

so that if the magnitude of B + C is also 5.0 then we get

B+ C| = /(0)2 + (B, + 4.0)2 = 5.0 — (B, +4.0)> = 25.0 .

The last equation gives (By + 4.0) = £5.0 and apparently there are two possible answers
By=+1.0 and By = —9.0, but the second case gives a resultant vector B + C which points in the
negative y direction so we omit it. Then with By = 1.0 we find the magnitude of B:

B = /(B:z)? + (By)? = /(=3.0)2 + (1.0)2 = 3.2

The magnitude of vector B is 3.2.

A. 32
B. 1.9
C. 24
D. 0.2
E. 0.6

Q9: If vector B is added to vector A, the result is 6.0 i +1.0 j . If B is subtracted from A, the
result is —4.0 i + 7.0 j. What is the magnitude of A?

a. 4.1
b.5.1
c.54
d. 5.8
e 8.2

Ans: B+A= 6i+]j
-B+A=-4i+7]j
2A= 2i+8j => A= 1i+4j =>|A|=Sqrt(12 + 42)=4.12

Vectors A and B each have magnitude L and having an angle of 60° between them. The
magnitude of the product (A x B) . A'is:

A 0
B. 3L%2
C. L2
D. 3L?

E. 3L%4

17



Answer: (A xB).A=C.A=CA cos 90°=0

Q11:
A particle is at the origin of coordinates at time t = 0. For the time interval from 0 to 15 s, the
particle’s average velocity:
Vaverage = —3.820 i+4.4]) (m/s).
How far is the particle from the origin at t = 15 s?

i

e G

d 15m

e T2m

\?: = F' = I’E_—i = f‘f_-

g-p ¢ -Dl:'F"é‘. EF £ 4 Iy N
Sk lay = Sxlm3tds )z —sH 466 -
b= (53t )" = BFHERE = —> 8F ™

EXERCISES

1. Which of the following are vectors and which are scalars ?
(a) Kinetic Energy; (b) Volume; (c) Force;
(d) Temperature; (e) Electric Field; (f) Thrust.

2. Fill in the missing arrows for the following vector diagrams:

(4) (b)
\ b - | \

3. ABCDE is a regular pentagon with centre O. Use the Triangle Law of Addition to show that
AB+BC+CD+DE+EA=O0.

4. Draw to scale a diagram which illustrates the identity
4a+3(b—a)=a+3b.

5. a, b and c are any three vectors and
p=b+c—2aqg=c+a—2b,r=3c—3b.

Show that the vector 3p — 2q is parallel to the vector 5p — 6q + r.

18



3. ABCDE is a regular pentagon with centre O, Use the Triangle Law of Addition to show
that
AB+BC+CD+DE+EA=0.

I. Draw to scale a diagram which illustrates the identity

da+3(b—a) =a+ 3b.

5. a, b and ¢ are any three vectors and
p=b+e—2a g=c+a—2b. r=3c—3b

Show that the vector 3p — 2q is parallel to the vector 5p — 6q 4+ 1.

ANSWERS TO EXERCISES

1. (a) Scalar; (b) Scalar; (c) Vector:

(d) Scalar; (e) Vector; (f) Vector.

2. The completed diagrams are as follows:

/\ b
a a
(d) —a
a+b
b
3. Join A,B,C,D and E up to the centre, O.
4. The diagram is
4a + 3(b- _a)

5. One vector is a scalar multiple of the other.
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