Cambridge Physics for the IB Diploma

Answers to Coursebook questions — Chapter 1.4
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Scale: 1 unit=1 cm
A+ B

length 18 cm

F = 18 units
0 =49°
b A —-B

length 9.5 cm
F=9.5 units

60 =~ 11° below horizontal.
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length 13 cm
F =13 units

0 =~ 42° below horizontal.

Scale: 1 unit=1 cm
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3 The components are:
A, =12 x c0s30°=10.39 B, =8.00 x cos80° = 1.389
A4, =12 x sin30° = 6.00 B, =8.00 x sin80° = 7.878

a (A4+B),=10.39+1.389=11.799

(4 + B),=6.00 + 7.878 = 13.878

The vector A+ B has magnitude \/ 11.799* +13.878% = 18.2 and is directed at an angle

13.878

0= arctan 9 = 49.6° to the horizontal.

b (4—B),=1039-1.389=9.001

(4—-B),=6.00—7.878 =—1.878

The vector A— B has magnitude v/9.001% +1.878> =9.19 and is directed at an angle

L878j

0= arctan| ————— | = —11.8° below the horizontal.
9.001

c (4—2B),=10.39 -2 x1.389=7.612

(4 —2B),=6.00 — 2 x 7.878 =—9.756

The vector A—2B has magnitude v7.612% +9.756* = 12.4 and is directed at an angle

0= arctan(—ﬁ) =—52.0° below the horizontal.
7.612
4 The components of her change of displacement in each leg of the walk are:
d\x=-5.0km di,=0
dr=0 dp, =+3.0 km
ds, =2.0c0s45° = 1.41 km ds, =2.0sin45° = 1.41 km

Therefore her displacement from the starting point is

d,=-50+0+141=-359km and d,=0+3.0+1.41=+4.41km

Her distance is the magnitude of the displacement vector, i.e. d = v/3.59% + 4.41*> =5.69 km
in a direction = 180° — arctan% =129°.

(Notice that her position is in the second quadrant.)
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5 a V4.0 +4.0*° =5.66 cm in a direction &= 180° + arctan% =225°,

o

\124% +158% =201 km in a direction 0= arctan(—%) =-—52°.

C V0% +5.0° =5.0 min a direction 8= 270° or &= —90°.

d \/8.0 +0% =8.0 N in a direction 8= 0°.

6 a \2.00% +3.00° =3.61 at 6’=arctan;gg =56.3°.

(o3

\2.00° +5.00° =5.39 at &= 180° — arctanﬂ =112°.
2.00
c \J0? +8.00> =8.00 at &= 90°

2'0()) =—26.6°.

d 4.00° +2.00>° =4.47 at 0= arctan[——
4.00

e \6.00* +1.00° =6.08 at O= arctan% =9.46°.

7 The vector C is given by C=B—-4.1ts components are

C,=-1.00-3.00 =—4.00 cm C,=5.00 —4.00 =+1.00 cm
Hence the magnitude is v/4.00> +1.00° =4.12 in a direction = 180° — arctan% =166°.

The vector is in the second quadrant.
8 The change in displacement has components Ar, =4 -2 =2, Ar,=8 -2 =6.
9 A diagram is

initial
change

final

The magnitude of the change in the velocity vector is v10* +10*> =14.1 ms .

The vector makes an angle of 45° with the horizontal as shown in the diagram.
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10 A diagram is:

s o I8 change
initial "\L

The other two angles of the triangle are each %(180° —30°) =75°.

Using the same rule we find:

A in30°
PP pp=px S0 si8n 052

50

sin30°  sin75° sin
11 a (2 = x1, 2= 1)

b (xlfxz,yl *yz)

c NERS

12 The components of the velocity vector at the various points are:

A:vy,=—40m s! Va, =0

B:vg, =+4.0ms’ vg, =0

C:ve,=0 ve,=4.0ms”

a From A to B the change in the velocity vector has the components

Ve — Var = +4.0 — (—4.0)=8.0 m s~ and v, — va, =0 —0=0.

b From B to C the change in the velocity vector has the components
Ver — v =0—-4.0=—40ms " andve, —vg,=4.0-0=40ms .

c From A to C the change in the velocity vector has the components
Ver —Var=0—(-4.0)=4.0ms ' and v, — va,=4.0-0=4.0ms .

The change in the vector from A to C is the sum of the change from A to B and the
change from B to C.

13 a The initial velocity is +352 m s ' and the final velocity after the collision is =352 m's .
The change in the velocity is therefore —352 — 352 =—704 ms '

b The speed is the same before and after the collision, so the change in speed is zero.
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14 a  A4,=-10.0c0s40°=-7.66  A,=—10.0sin40° = +6.43
b 4,=-10.0c0s35°=-8.19  A,=-10.0sin35° = —5.74
C  A,=+10.0c0s68°=+3.75  A,=-10.0sin68° =—9.27
d  A4,=+10.0c0s(90° —48°)=+7.43  A4,=-10.0sin(90° — 48°) = —6.69

e A,=-10.0c0s(90° —30°)=-5.00  A4,=-10.0sin(90° — 30°) = —8.66

15  The vector we want is C = —(Z + E) . The components of A and B are:

A, =6.0cos60° =+3.0 A4, = 6.0sin60° = +5.20

B, =6.0cos120° =-3.0 B, =6.0sin120° = +5.20

So,

C,=—(+3.0-3.0)=0 C,=—(+520+520)=-104

The magnitude of vector C is therefore 10.4 and is directed along the negative y-axis.
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16 a A, =12.0c0s20° = +11.28 and 4, = 12.0sin20° = +4.10.

B, =14.0c0s50° = +9.00 and B, = 14.0sin50° = +10.72.
The sum has the components:

S, =+11.28 +9.00 =20.28 and S, = +4.10 + 10.72 = 14.82.

The magnitude of the sum is v20.28 +14.82% =25.1

and its direction is 8= arctan 14.8 =36.2°.
20.28

b A, =15.0c0s15° =+14.49 and 4, = 15.0sin15° = +3.88.
B, =18.0cos105° = —4.66 and B, = 18.0sin105° = +17.39.
The sum has the components:

S, =+14.49 —4.66 =9.83 and S, = +3.88 + 17.39 = 21.27.

The magnitude of the sum is v/9.83% +21.27> =23.4 and its direction is 6= arctan 29 '83 =65.2°.
c A, =20.0cos40° = +15.32 and 4, = 20.0sin40° = +12.86.

B, =15.0c0s310° =+9.64 and B, = 15.0sin310° = —11.49.

The sum has components:

S, =+15.32+9.64 =24.96 and S, = +12.86 — 11.49 = +1.37.

The magnitude of the sum is v/24.96” +1.37% =25.0 and its direction is = arctan 214.13976 =3.14°.
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