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1 pHYSICAL
QUANTITIES AND VECTORS

Nothing in the world is more dangerous than sincere ignorance and conscien-
tious stupidity.
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1 PHYSICAL QUANTITIES AND VECTORS +3-

SOLUTIONS

1.1 Find the angle between the two vectors A=2i +3_; +kand B= -4i +2j -k

Solution . FromA - B = |2{| f§| cos ¢, we have cos ¢ = 13 '{’, = —%—f. So ¢ =
|A||B]

100°.
1.2 @ =3i-4jand b = —2i +3k, what is € =d x b?

Solution: ¢ =@ xb = =12i +95 +8k

N W -
S A~
W O )

1.4 In the product F = q6 x B, take ¢ =2, ¥ =2.0f +4.0f +6. 0k and F =4. 0f —
20j +12k. What then is B in unit-vector notation if B, =B, ?

Known: F =g xB, ¢=2, $=2.0i +4.0j +6.0k, F =4.0i -20j + 12k, B, =B,
Find: B

Solution: Assume that B = Bzz: +B, ] + B,I}.

i j K
BxB =2.0i-10j +6k= 2.0 4.0 6.0
B, B B

x y z

=(4.0B,-6.0B,)i+(6.0B,-2.0B,)j + (2.0B,-4.0B, )k

At the same time, B, =B,. So B, =B, = -3, B,= -4 and B = -3i - 3] -4k

1.6 The density of a material is equal to its mass divided by its volume. What is the
density (in kg/m*) of a rock of mass 1. 80kg and volume 1. 60 x 10 *m*? Make sure
your answer has the correct number of significant figures.

Known: m =1.80kg, V=6.0 x10 *m®

Find; p

Solution ; p = % =3.0 x10°kg/m®

1.8 For the two vectors A =3i +2f and B =4i + 5k, find the scalar product A - B and

the vector product A x B in terms of unit vectors.
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k
So]uﬁon:Z .§=(3’ 2,0)-(4,0,5) =12, Zxﬁz 0 =10§—15j-8l§

h W) o)
O N S

5
1.9 You are given vectors A=5.0i -6. Sj' and B = —3.5i +7.0j'. A third vector C lies
in the xy-plane. If ClAandC-B=15.0 , from this information, find the components

of vector C.

Known: A =5.0i -6.5/, B= -3.5{+7.0f, C1A, C-B=15.0

Find . E

Solution; Assume that C = C,f +C, f
From the hint, we have -3.5C, +7.0C,=15.0 and 5.0C, - 6. 5C, =0
So C,=8.0, C,=6.1 and C =8.0i +6. 1]

1.13 Is the vector (i + j +k) a unit vector? Justify your answer.

Solution : |;+j +l:f| =/1P+17 417 =31 , 80 it’s not a unit vector.

1. 14 Later in your study of physics we will encounter quantities represented by
(.:{ XE) - C. Prove that for any three vectors, e (E xZ‘) = (X xﬁ) . C.
Solution: 4 - (B xC) =4,(B,C,-B,C,) +4,(B,C, -B.C,) +4,(B.C,~B,C,)

(AxB) - C=C,(AB,-AB)+C,(AB,-AB,) + C,(A,B,~A,B,)
=A,(B,C,-B,C)) +A (B,C, -B.C)) +4,(B,C,-B.C,)
Obviously, A - (BxC) = (A xB) - C

1. 15 How many correct experiments do we need to disprove a theory? How many to

prove a theory? Explain.
Solution: One. Every.

1.16 If A and B are nonzero vectors, is it possible forA - Band A x B both to be zero?
Explain.

Solution: From A -+ B=A,B, +A B =0, we have A_ = ——l%
2, p2

A,(B; +B))
B

A,(B:+B)
B

x

And A xB=(A.B,-BA)k= -

#0

— —
For A and B are nonzero vectors, ~

So it is impossible for A-Band A xB both to be zero.
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Happy moment! ( *°__"* )
Keys? Kiss?

A friend of mine was giving an English lesson to a class of adult who had recently
come to live in the United States. After placing quite a number of everyday objects on a ta-
ble, he asked various members of the class to give him the ruler, the book, the pen and so
on. The class went very smoothly and the students seemed interested and serious about the
work that they were engaged in until when my friend turned to an ltalian student and
said, “Give me the keys.” The man looked surprised and somewhat at a loss. Seeing
this, my friend thought that the student hadn’t heard him clearly, so he repeated “ Give
me the keys. ” The Italian shrugged his shoulders. Then, he threw his arms around the
teacher’s neck and kissed him on both cheeks.



‘2 KINEMATICS

Originality and the feeling of one’s own dignity are achieved only through work
and struggle. '
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26. centripetal fa].0 B
27. integral R4y
28. integration 4

29. explicit function B R E
30. drag E]

31. terminal speed 15 B 3 5
32. integral variable A0 I
33. calculation HE&E

34. derivative 5%

35. with respect to AR F
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37. rocket K

38. positive 1EH)

39. lamp xT
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51. radius 12

52. coefficient E34
SOLUTIONS

2.1 A space rocket travels along a straight line. The motion function is x = ut + u

( % - t)ln (1 -bt), in which u and b are known constants. Find the velocity and ac-

celeration expressions of the rocket.

. dx_ _d_v_ ub
Solution ; vE T -uln(1 -bt), a= Ty
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2.2 The Relation between the acceleration and velocity of rectilinear moving particle is
a= —kv’. Find the velocity expression v =v(x) with the coordinate x as variable. As-

sume the initial value of x,, ¥(x,) =, is given.

 Soluti dvde_do dv_
Solution; From a = dr A A kv®, we have i kv

That is f % =— kfdx. We get v(x) = pye -0

0
2.3 The acceleration of rectilinear moving particle is @ = Acoswt, in which A and @ are

positive constants. If x|,_, =0, v|,_, =0, find the motion function of the particle.

!

g A
Solution: v = v, + | Acoswtdt = “sinwt, x = x,, +
0) @ (0) o

Asinwtdt = iz (1 - coswt)
w w

2.4 A boy walks along x axis in positive direction with a constant speed v,. A lamp sus-
pended above the origin at the height k,. Find the speed expression v = v(x) of the
shadow casted by the boy’s head if his height is &, (h, <h, ).

Solution . & =vt — vot, S0 U =h—]v0

h, v h,~h,

2.5 A particle moves so that its position (in meters) as a function of time(in seconds )

is ¥ =i +4tj + tk. Write expressions for (a) its velocity and (b) its acceleration as

functions of time.

Soluﬁon: 3:(31—:= (81;; +iC)In/S, E=((1i—':=8jm/sz

2.6 A bird flies in the xy-plane with a velocity vector given by U = (a - 8% )i + 1],
with @ =2.4m/s, B=1.6m/s’, and v=4.0m/s’. Att=0, the bird is at the origin.
Calculate the position and acceleration vectors as functions of time.

Solution;: ¥=(2.4 —1.6t2)f+4,0tj’, ﬁ:i—:’: -3.21i +4. 0f

F= Li}dz+?(o) = (2.4t - 0.532)i +2.07%f

2.9 A particle moves along x axis and starts from the origin with initial speed (0) =

vo. Find the speed function v =v(x) swith x as variable if the force acted on it can be

expressed as F = —kx. Assume the mass of the particle is m.
Solution: From a =d—x dv = —éxu, we get vdp = - @dx
dt dx m m

o(x)
So f
110

vdy =—%£xdx, v(x) == [v] —%xz
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2. 10 An Earth satellite moves in a circular orbit 640km above the Earth’s surface with a
period of 98.Omin. What are (a) the speed and (b) the magnitude of the centripetal
acceleration of the satellite? (The radius of the Earth is R =6.37 x 10°m. )

Known: T =98.0min, r, =640km, R =6.37 x10°m

Find: v, a
. 4’ v
Solution: From F=mF‘r=mT=ma
2 +R 2
we have v=2—;,"=% =7.49 x10°m/s, a=v7 =8.00m/s’

2. 14 A particle leaves the origin with an initial velocity ¥ = (3. 00i) m/s and a constant

acceleration @ = ( — 1. 00i ~ 0. 500.;) m/s’. When the particle reaches its maximum x

coordinate, what are (a) its velocity and (b) its position vector?
Solution: (a) ¥ = ¥, + £Edt = [(3.00 - 1.00t)i - 0.5004] m/s
(b))% =0 + j;a’dz = [(3.00t - 0.500¢*)i ~ 0.250¢% ] m
From the hint, % =0, that is 3.00 - 1.00¢t =0. So t =3s when the particle
reaches its maximum x coordinate and ¥, = - 1. 50_;', X, =4. 50i - 2. 25_;'.
2. 16 The acceleration of a particle is given by a, = —2.00 +3. 00z (in SI). (a) Find
the initial speed v, such that the particle will have the same x coordinate at ¢ =4. 00s

as it had at £ =0. (b) What will be the velocity at t =4.00s?
Solution: We know a, = -2. 00 +3. 00t

So v = v, +£adt = [vg,0 +(-2.00t + 1.5¢) Im/s, x = (%) + V0t

-2 +0.5%)m
From % 4 00) = %0y » Y0y = —4m/s and v=( -4 -2t + 1. 5¢*)m/s. We will
also get that the velocity equals 12m/s when ¢t =4. 00s.
Happy moment! ( *~__"*)
A Married Man Is Preferable
“Just why do you want a married man to work for you, rather than a bachelor?”
Asked the curious chap.
“Well,” sighed the boss, “the married men don’t get so upset if I yell at them.”



