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1. Quantities & Measurement Problem Set 
 

PHYSICAL QUANTITIES AND SI UNITS 
 

Guided Exercises 
 

For this section of the problem set, you should try the exercises without looking at the guided 

solutions. The guided solutions are there if you get stuck and you should also use it to understand 

how to present your work.   

 

1          Perform the following conversion of units: 

(i)  50 km h-1 to m s-1.        [13.9 m s-1] 
(ii)  320 m s-1 to km h-1.                   [1152 km h-1] 

 

 
Step-by-step guide 
 
          Convert km to m and h to min  
 
 

50 km h-1 = 
50 km

1 h
 = 

50 000 𝑚

60 min
 = 

50 000 𝑚

60 ×60 𝑠
= 13.9 m s-1 

 
 
                                 Convert min to s  
 

320 m s-1 =
320 m

1 s
=

320

1000
  km

1

60×60
 h

= 1152 km h-1 
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2         Express the units of the following quantities in SI base units: 

 

(i)  Gravitational constant G, where 𝐹 =
𝐺𝑀1𝑀2

𝑟2 , 𝐹 is force, 𝑀1 and 𝑀2  are masses and 

𝑟 is separation distance between the masses.     [m3  kg-1 s-2] 

 

(ii)   , if  𝑣 = √
𝑇

𝜇
  where 𝑣 is the speed of the wave on a string of length L held at a 

tension of T, a type of force.       [kg m-1] 

 

 
Look at Examples 1.1 and 1.2 in your lecture notes for a step-by-step guide, it will be useful to rearrange 

the equations to write G and   in terms of other quantities before determining the units.  
 
Please also be mindful of the presentation of your working!  
 
(i) 

𝐺 =
𝐹𝑟2

𝑀1𝑀2
  and  𝐹 = 𝑚𝑎 

 

Units of G =
(kg m s−2)(m2)

(kg)(kg)
= m3  kg-1 s-2 

 
(ii)  

𝑣2 =
𝑇

𝜇
    𝜇 =

𝑇

𝑣2 and 𝑇 = 𝑚𝑎 

 

Units of 𝜇 =
kg m s−2

(m s−1)2
=

kg m s−2

m2 s−2 = kg m-1 

 

 
Presentation style: 
 
Always write “units of” in front of the variable you are finding units for.  

E.g 𝜇 =
kg m s−2

(m s−1)2
 would be marked wrong for presentation.  
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3          The critical flow speed vc is related to the width a of the obstacle, the density 𝜌 liquid, and its 

viscosity 𝜂 by one of the equations: 
 

(i) vc = 
𝐴𝜂𝑎

𝜌
          (ii)    vc = 

𝐵𝜂

𝑎𝜌
                   (iii)    vc = 

𝐶𝜌𝑎

𝜂
          

 
A, B and C are constants with no units and unit of 𝜂 is Pa s. Determine the correct equation. 

 

 
You are given 3 equations. A dimensionally correct equation is one where the units of each term has the 
same base units. (pg 8 of your lecture notes) 
 
Note that a dimensionally correct equation need not be correct! Hence you can’t actually determine the 
correct equation, just the dimensionally correct one!  
 
Step-by-step guide using (i) 
 
Unit of vc

 = m s-1 
 

Unit of  
𝐴𝜂𝑎

𝜌
 = 

𝑃𝑎 𝑠 (𝑚)

(𝑘𝑔 𝑚−3)
= 

(
𝑘𝑔𝑚𝑠−2

𝑚2 ) 𝑠 (𝑚)

(𝑘𝑔 𝑚−3)
 = 

𝑠−1

(𝑚−3)
= 𝑚3𝑠−1 

 
LHS ≠ RHS, (i) is not dimensionally correct 
 
 
Option (ii) is the dimensionally correct equation.  
 

 
 

4 Bernoulli’s equation, which applies to fluid flow, states that 𝒑 + ℎ𝜌𝑔 + 
1

2
𝜌𝑣2 = 𝑘 

Where 𝒑 is a pressure, h a height, 𝜌 a density, g an acceleration, v a velocity and k a 

constant.  

             Show that the equation is homogenous and state an SI base unit for k.    
[kg m-1 s-2] 

 

 
Note: An equation where each term has the same base units (dimensionally consistent) is known as a 
homogeneous equation. 
 
To determine whether an equation is homogenous, you will need to check whether all the terms in the 
equation have the same base units. Hence you will need to check whether units of p = units of ℎ𝜌𝑔 = units 

of 
1

2
𝜌𝑣2 and the units for k will be the same.  

 
Units of pressure = N m-2 = kg m s-2 m-2 = kg m-1 s-2 

Units of ℎ𝜌𝑔 = m kg m-3 m s-2 = kg m-1 s-2 

Units of 
1

2
𝜌𝑣2 = kg m-3 (m s-1)2 = kg m-1 s-2 

Since units of 𝑝 = units of ℎ𝜌𝑔 = units of 
1

2
𝜌𝑣2 equation is homogenous if units of 𝑘 = kg m-1 s-2 

To determine base unit of Pa 

Pa is the unit of pressure.  

We have learnt that pressure is 
Force

Area
 and force is mass × acceleration 

Therefore,  

𝑢𝑛𝑖𝑡𝑠 𝑜𝑓 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 =  
𝑢𝑛𝑖𝑡𝑠 𝑜𝑓 𝑚𝑎𝑠𝑠 × 𝑢𝑛𝑖𝑡𝑠 𝑜𝑓 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝑢𝑛𝑖𝑡𝑠 𝑜𝑓 𝑎𝑟𝑒𝑎
 

𝑃𝑎 =
𝑘𝑔𝑚𝑠−2

𝑚2
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5       The activity A of a radioactive sample is given by the equation, 𝐴 = 𝐴𝑜𝑒
−𝜆𝑡  where Ao is             

the initial activity of the sample, 𝜆 is the decay constant and t is the time taken for the 

sample to decay. Determine the unit of 𝜆.  Hint: you do not need to know the units of A. 
[s-1] 

 

 
All exponents are dimensionless. The unit of 𝐴 = unit of 𝐴𝑜and −𝜆𝑡 has no units.  
 
Units of (−𝜆𝑡) = units of 𝜆 × units of t  
 
1 = units of 𝜆 × s 
 
Units of 𝜆 = 𝑠−1 
 

 

6          Express the following quantities using the required prefixes:   

 

(i)  800,000 W with prefix  kW, MW and TW;        [800 kW, 0.8 MW, 8 x 10-7 TW] 

(ii)  0.0000325 m with prefix mm and μm;                [ 0.0325 mm, 32.5 μm] 

(iii)  2.65 x 10-10 s with prefix ps         [265 ps] 
 

 
Common prefixes required for A levels can be found in Pg 7 of your lecture notes. 
 
(i) 
 
800,000 W = 800 × (103 W) =800 kW 

800,000 W = 800,000 ×
1×106

1×106  W = 
800,000

1×106 × (1 × 106 W) = 0.8 MW 

800,000 W = 800,000 ×
1×1012

1×1012 =
800,000

1×1012 × (1 × 1012 W) = 8 × 10−7 TW 

 
(ii) 
 
0.0000325 m = 0.0000325 x 1 m = 0.0000325 x 1000 mm = 0.0325 mm  

0.0000325 m = 0.0000325 x 1 m = 0.0000325 x 1 x 106 m = 32.5 μm 
 
(iii) 
 
2.65 x 10-10 x 1 second = 2.65 x 10-10 x 1 x 1012 ps = 265 ps 
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Problems 
 

P1 The behaviour of many real gases can be represented quite closely over certain ranges of 

temperature and pressure by an equation of the form 

                                                       (𝑝 +
𝑎

𝑉2
𝑚
)(𝑉𝑚 − 𝑏) = 𝑅𝑇 

            in which the values of a and b are characteristics constants of the particular gas. p is the 

pressure of gas, Vm is the volume of gas per mole and T is the thermodynamic temperature 

of gas. Express the units of a, b and R in SI base units. 

 

P2 Express the unit of 𝜀𝑜the permittivity of vacuum, in terms of base units from the equation  

𝐹 =
𝑄1𝑄2

4𝜋𝜀𝑜𝑟
2
 

where Q1 and Q2 are the charge of two particles separated by a distance r. The unit of𝜇𝑜, 

the permeability of a vacuum, is kg m s-2 A-2.  

 

Use the unit of 𝜇𝑜, and unit of 𝜀𝑜, to decide which one of the following relations between𝜀𝑜, 

𝜇𝑜 and c, the speed of light in a vacuum, is possible. 

 

𝜀𝑜𝜇𝑜 = 𝑐2 ;  𝜀𝑜𝜇𝑜 = 𝑐 ; 𝜀𝑜𝜇𝑜 = 𝑐−1 ; 𝜀𝑜𝜇𝑜 = 𝑐−2 

 

P3      Suggest how to check whether a hypothetical equation is possible and explain why your 

suggested method of checking does not give confirmation that an equation is physically 

correct. 

 

                                                                                                              

P4 N13/1/2 

 

 What is the order-of-magnitude of the mass of a single sheet of A4 paper? 

 

 A 0.01 g  B  0.3 g   C 1 g  D  30 g 

 

 

P5  N08/1/2 

 

 Which estimate is realistic? 

  

 A The kinetic energy of a bus travelling on an expressway is 30 000 J.  

 

 B The power of a domestic light is 300 W 

 

 C The temperature of a hot oven is 300 K.  

 

 D The volume of air in a car tyre is 0.03 m3.  
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Errors and uncertainties 
 

Exercises 

 

1  N represents the number of data collected, x represents the possible values of the results 

and xo represents the actual value.  Comment on the accuracy and precision of the data 

shown on each graph. 

 

Refer to Pg 14 of your lecture notes 
 

Accurate and precise 
 

Accurate but not 
precise 

Not accurate but 
precise 

Not accurate and not 
precise 

 

2   Four students each made a series of measurements of the acceleration of free fall g, where 

g = 9.81 m s-2. The table shows the results obtained.  Which student obtained a set of results 

that could be described as precise but not accurate? 

 

Student Results, g / m s-2 Average 
Spread  

(max – min) 
Precise Accurate 

A 9.81 9.79 9.84 9.83 9.82    

B 9.81 10.12 9.89 8.94 9.69    

C 9.45 9.21 8.99 8.76 9.10    

D 8.45 8.46 8.50 8.41 8.46    

 

Refer to pg 13 of your lecture notes. 
 
Accuracy is a measure of how close a measurement or result is to the true value.  
Precision is a measure of how close the repeated measured values are to each other regardless of 
true value. (this can also mean how close each value is to the mean/ average value) 
 

Student 
Spread 

(max − min) 
Precise Accurate 

A 0.05 Yes Yes 

B 1.18 No No 

C 0.69 No No 

D 0.09 Yes No 

The actual value of g is 9.81 m s-2.  Best choice of answer is D 
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3   Four student measures the time t for a ball to fall from rest through a vertical height, h.  The 

measurements was repeated for different values of h. Since h and t are related by ℎ =
1

2
𝑔𝑡2  . 

Graphs of h against t2 were plotted.  Comment on the accuracy and precision of the data 

obtained by the students.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
You have been provided with the equation of the graph of h vs t2. After arranging it in the linear form of 

y = mx+c, you will see that the y intercept c = 0 and the gradient is 
1

2
𝑔. 

 
If the graph cuts at origin, c is zero and hence the graph is accurate. Conversely, if the graph does not 
cut at origin, c is not zero and there exist a systemic error. The graph is not accurate.  
 
What about precision?  
 
If the data points are close to the best fit line, all the data is close to the mean value and the graph is 
precise. Conversely, if the data points are scattered far from best fit line, the graph is not precise and 
there is more random error!  
 
Note: From statistics (Linear Regression), the best fit line is a line that passes through the estimated 
average values of y corresponding to each value of x.  So drawing a best fit line for your data is a form 
of averaging (if you know that a linear relation exist between y and x). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    

h/m 

t2/s2 

h/m h/m h/m 

t2/s2 t2/s2 t2/s2 

A C D B 

Not as precise as B. Not 

accurate 

Precise and 

accurate 

Not precise.  

Not accurate 

Accurate.   

Not precise 

h/m 

t2/s2 

h/m h/m h/m 

t2/s2 t2/s2 t2/s2 

A C D B 



National Junior College   Science Department | Physics 

 
 
4    A student carries out an experiment to determine the speed of sound in air. His 

measurements give the speed as 347.785 m s-1 with an uncertainty of ±2.56 m s-1.
 What is 

the correct statement of the result of the experiment?      

              

   A  (347.78 ± 2.56) m s-1  B  (347.7 ± 2.6) m s-1 

   C  (348 ± 3) m s-1   D  (350 ± 5) m s-1 
[C] 

 

 
Important details to remember when determining correct statement of results 
 

1) Absolute uncertainty should only have 1 s.f.  

2) The value of result should follow the precision of the absolute uncertainty 

 

Therefore, in this question 2.56 to 1 sf is 3 m s-1 and therefore 247.785 will be written as 248.  
  

 

5     An instrument gives a numerical reading of 0.00160 ± 0.00005. Which statement is correct?  

 A     The actual uncertainty is 5. 

 B     The fractional uncertainty is 5 x 10-5. 

 C     The fractional uncertainty is 5/16. 

 D     The percentage uncertainty is 3%.                                                                  
[D] 

 
Refer to pg 17 for the equations for fractional and percentage uncertainty. 
 

Choice A is wrong, the actual uncertainty is 0.00005 

 Choice B is wrong, the fractional uncertainty = 
0.00005

0.00160
= 3.1 × 10−2 

 Choice C is wrong, the fractional uncertainty =  
0.00005

0.00160
=

5

160
   

 Choice D is correct, the percentage uncertainty = 
0.00005

0.00160
× 100% = 3.1% 
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6   N17/1/2 

After taking measurements of the quantities in the expression 
𝑥𝑦2

𝑧
, the total uncertainty is 

calculated as 6%.  

 

Which individual percentage uncertainties of x, y and z when combined give this total of 6%?  

 
 

[B] 

 

 
Step-by-step guide 
 

Let Q = 
𝑥𝑦2

𝑧
 

 
Δ𝑄

𝑄
× 100% = [

Δ𝑥

𝑥
+ 2

Δy

𝑦
+

Δz

𝑧
] × 100% = 6% 

 
Use trial and error  
 
e.g.  

Option A: 
Δ𝑄

𝑄
× 100% = 1% + 2(1%) + 4% = 7% ≠ 6%  (Option A is incorrect)  

 
Only option B gives 6% 
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Problems 

 

P1 N11/1/2 

 In an experiment to measure the viscosity 𝜂 of a liquid, the following equation was used.  

 

𝜂 =
𝑘𝑟2

𝑣
 

 where  𝑟 = (0.83 ± 0.01)mm 

   𝑣 = (0.065 ± 0.002)m s-1 

 and  k is a constant of value 93.7 N m-3.  

  

 How should the value of 𝜂 be expressed? 

 

 A  (9.93 ± 0.54) × 10−4 N s m-2 

 B  (9.9 ± 0.6) × 10−4 N s m-2 

 C  (9.93 ± 0.42) × 10−4 N s m-2 

 D  (9.9 ± 0.4) × 10−4 N s m-2 

 

P2  N08/1/1.   

The manufacturers of a digital voltmeter give its specification below, 

 

‘accuracy ± 1% with an additional uncertainty of ± 10 mV’ 

 

The meter reads 4.072 V. 

 

How should this reading be recorded, together with its uncertainty?     

 

A  (4.07 ± 0.01)𝑉   B  (4.072 ± 0.052)𝑉 

C  (4.07 ± 0.04)𝑉   D  (4.07 ± 0.05)𝑉 

 

P3  A student used a meter ruler to measure a row of identical blocks as shown below. The 

reading of the length of the row of identical blocks was given as (5.6 ± 0.1) cm. The student 

suggested that the length of one block and the associated uncertainty is (1.1 ± 0.1) cm. 

Explain whether you agree with the suggested length and uncertainty of one block. 

 

 

 

 

 

  



National Junior College   Science Department | Physics 

 
 
P4 Given the following quantities and their corresponding uncertainties:  

 

 r1 =  2.2  0.1 cm 

 r2 =  3.5  0.1 cm 

 m =  0.800  0.001 kg 

 

Determine the value of S and its associated uncertainty for 𝑆 =
3𝑚

4𝜋(𝑟2
2−𝑟1

2)
.   

 

P5 N13/1/1.   

 An object falls freely from rest and travels a distance 𝑠 in time 𝑡.  The equation relating 𝑠 and 

𝑡  is given by 𝑠 =
1

2
𝑔𝑡2 .  A graph of 𝑡2  against 𝑠  is plotted and used to determine the 

acceleration of free fall 𝑔.   

 

 
The gradient of the graph is found to be 0.204 s2 m-1.  Which statement about the value 

obtained for 𝑔 is correct? 

 

A It is accurate but not precise 

B It is both precise and accurate 

C It is neither precise nor accurate 

D It is precise but not accurate 

 

P6 N07/2/1.   

A student times the fall of a small metal ball. Data for the time t taken for the ball to fall a vertical 

distance h from rest are given below.   

 

h = 266 ± 1 cm 

t = 0.740 ± 0.005 s 

 

(a) Given that ℎ =
1

2
𝑔𝑡2 , use the data to determine 

 
(i) a value, to three significant figures, of the acceleration of free fall g,  

 
(ii) the percentage uncertainty, to two significant figures, of 

1. the distance h,  
2. the time t. 
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(b) Use your answers in (a) to determine the actual uncertainty in the value of g.  Hence give 
a statement of g, with its uncertainty, to an appropriate number of significant figures. 
 

(c) Suggest two reasons why, in this experiment, although the value of t is precise, it may not 
be accurate.  

 

 

P7 N13/3/6(a)   

A student takes measurements to determine the acceleration of a ball as it rolls down a slope.  

He uses the apparatus illustrated in the figure below.  

 

 
 

 The student measures the time t for the ball to roll a distance s down the slope after the ball 

has been released from the electromagnet.  Given that s=
1

2
𝑎𝑡2.  The variation with t2 of the 

distance s is shown below.  
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(a) State the feature of the data shown in above figure that indicates the presence of  
 
(i) Random error, 

 
(ii) Systematic error 

 
(b) State why, by drawing a line of best fit for the data points on above figure the effect of 

random error is reduced. 
 

Additional Problem 

 

 

C1   The equation connecting object distance 𝑢, image distance 𝑣 and focal length 𝑓 for a lens is 
1

𝑢
+

1

𝑣
=

1

𝑓
 

     

 A student measures values of 𝑢 and 𝑣, with their associated uncertainties. These are 
 

𝑢 = (50 ± 3)𝑚𝑚 

𝑣 = (200 ± 5)𝑚𝑚 
 

Calculate the value of f and its associated uncertainty.     
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Scalars and Vectors 
 

Exercises 

 

1      Two forces F1 and F2 act on a body. F1  is 2.00 N due east and F2  is 4.00 N acting 20o East  

         of North. Find the resultant of these two forces.    
[5.05 N, 48.1o North of East] 

 

 
Refer to pg 26 of your lecture notes on methods of determining resultant of 2 forces (vector addition) 
 
If you need help figuring out what 20o East of North means, you may watch a short explanation here: 
https://youtu.be/yGw3QypYdkA 
 
Step-by-step guide 
 
Method 1: Triangle or haed-to-tail method.  

Note: 20 East of North means 20 clockwise from vertical or 110 as shown below.  
 
                                                                          Using cosine rule 

 

                                                                          resultant R =  √22 + 42 − 2(2)(4)cos110° = 5.05 N 

 
 Using sine rule 
  

 
𝑠𝑖𝑛𝜃

4
=

𝑠𝑖𝑛110

5.05
 

 
 𝜃 = 48.1 North of East 
 
Method 2: resolve components 
 
In the x-direction: resultant component = 2.00 + 4.00 sin 20° = 3.368 
In the y-direction: resultant component = 0 + 4.00cos 20° = 3.759 
 

Magnitude of resultant 𝑅: 

|𝑅⃗ | = √3.3682 + 3.7592 = 5.05 N 

tan 𝜃 =
3.759

3.368
   𝜃 = 48.1° 

𝑅 = 5.05 N, 48.1 north of east 

 
 
 
 

 

 

 

 

2.00 N 

4.00 N 

90+20 

N 

E 

R 
200 

1100 

 

2.00 N 

4.00 N 

 

2.00 N 

https://youtu.be/yGw3QypYdkA
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N 

E 

 

 

2      The initial velocity of a car is 12 m s-1 due east.  Its final velocity is 12 m s-1 due south. 

 

(a) Sketch a vector diagram showing the change in velocity 

 

(b) Calculate the change in velocity.                  [17 m s-1 45o  west of south] 

 

 
Refer to pg 30 to 32 of your lecture notes for examples on how to draw a vector diagram for change in 
velocity.  
 
Hint: change in velocity = v – u = v + (–u) 
 
You can think of it as the resultant vector of the vectors v and (–u) 
 
(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b)      Change in velocity, ∆𝑣 = 𝑣𝑓 − 𝑣𝑖 = 𝑣𝑓 + (−𝑣𝑖) see above vector diagram 

∆𝑣 = √122 + 122 = 17 m s-1  

 

450 west of south (or 90− 45 = 45 south of west) 
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𝑦 

𝑥 

10 N 

15° 

3     Write the equations of the x and y components of the following forces. 

 

(a) 
 
 
 
 
 
 
 
 

(b) 
 

𝑥 component: 𝑥 component: 

𝑦 component: 𝑦 component: 

(c) 
 
 
 
 
 
 
 
 

(d) 
 

𝑥 component: 𝑥 component: 

𝑦 component: 𝑦 component: 

 

 

 
It is helpful to recall what you learnt in secondary mathematics: 
 

 
 

So, for 3(a), we have x component = 12 cos 60 = 6.0 N and y component = 12 sin 60 = 10.4 N 
 

(b) 𝑥 component: −15 cos20 = −14.1 𝑦 component: 15 sin 20 = 5.13 

(c) 𝑥 component:      25 sin 30 = 12.5 𝑦 component:  −25 cos30 = −21.7 

(d) 𝑥 component:  −10 cos15 = −9.66 𝑦 component: −10 sin 15 = −2.59 

𝑦 

𝑥 

12 N 

60° 

𝑦 

𝑥 

15 N 

20° 

𝑦 

𝑥 

25 N 

30° 
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4    The diagram shows forces F1 , F2 , F3 and F4 acting of a point. By resolving the forces in the x  

       and y directions, determine the resultant of the four forces F.  
    [365 N, 39.3 o anti-clockwise from the positive y-axis] 

 

 

 

 

  

 

 

 

 

 

 

 
In this question, it is helpful to resolve each vector into their components in the x and y axis before 
adding them up vectorially.  
 
In the x-direction:  
Resultant x- component = −545𝑐𝑜𝑠24 + 500𝑐𝑜𝑠40 − 425𝑐𝑜𝑠15 + 330𝑐𝑜𝑠27 = −231.35  
 
In the y-direction:  
resultant y- component= 545𝑠𝑖𝑛24 + 500𝑠𝑖𝑛40 − 425𝑠𝑖𝑛15 − 330𝑠𝑖𝑛27 = 283.25  
 
Resultant force has magnitude  

= √231.352 + 283.252 = 366 N 
 

and it acts at an angle 𝛼 = tan−1 (
231.35

283.25
) 

 
                               = 39.2  anticlockwise from +y axis. 
 

 

 

 

  

F2 = 500 N 

F1 = 545 N 

F4 = 330 N F3 = 425 N 

24o 

15o 

40o 

27o 

x 

y 

 
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5     In the diagram on the right, a body S of weight W hangs vertically by 

a thread tied at Q to the string PQR. If the system is in static 

equilibrium (net force = 0), what is the tension 𝑇 in the section PQ in 

terms of W?    
[1.73 W] 

 

 

 

 

 

 

 
Let 𝑇1 represent the tension along PQ and 𝑇2 represent the tension along QR. 
 
Method 1: triangle method 
 
Since resultant force is zero, the 3 forces will form a closed vector triangle.  

𝑡𝑎𝑛 30.0 =
𝑊

𝑇1
  

So, 𝑇1 =
𝑊

𝑡𝑎𝑛 30.00 = 1.73 𝑊 

 
Method 2: resolve components 
 
Resolve vectors into 2 perpendicular components.   
 
Since the system is in static equilibrium, 
in the horizontal direction, forces must be balanced: 𝑇1 = 𝑇2 𝑐𝑜𝑠 30. 00    
 
and in vertical direction, forces must also be balanced: 𝑇2 𝑠𝑖𝑛 30. 00 = 𝑊 
 

Dividing the two equations gives:  
𝑇2 sin 30.0

𝑇2 cos 30.0
=

𝑊

𝑇1
  

 

tan 30.0 =
𝑊

𝑇1
   𝑇1 =

𝑊

tan 30.0
    = 1.73 W 

 

 

 

  

S 

P 
Q 

R 

30° 

𝑇 

T1 

W 

T2 

30.0
0 
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6   Resolve the components of the weight of the object, W along and perpendicular to the slope. 

 
(a) 
 
 
 
 
 
 
 
 
 
 

(b) 

Along the slope: Along the slope: 

Perpendicular to slope: Perpendicular to slope: 

 

 
Important note: Components of any vector should never be longer than the vectors themselves.  
 
It is useful to draw the perpendicular axis in dotted lines as shown below then use the axis to ‘box’ up 
the vector that you are find components of.  
 

(a) 
 
 
 
 
 
 
 
 
 
 

(b) 

Along the slope:   𝑊 sin 30 Along the slope:   𝑊 sin 20 

Perpendicular to slope:  𝑊 cos30 Perpendicular to slope:  𝑊 cos20 

 

 

  

30° 

𝑊 𝑊 

30° 

𝑊 

30 

𝑊 

20 
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7     A pendulum is swung around in a vertical circle as shown in the 

diagram on the right. At the position P, determine the components 

of the weight of the pendulum bob along the radial and tangential 

directions. (radial means in the direction along the radius towards 

the center. Tangential is the direction perpendicular to radial) 

 

 

 

 

 

 
Note: components should always be perpendicular to each other. We will see how useful it is to split 
circular motion into the radial and perpendicular axis in the later chapters! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P 

 

W 

Wcos Wsin 
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Problems 

 

P1   N10/1/2.    

 A boat changes its velocity from 8 m s-1 due north to 6 m s-1 due east. What is its change in 

velocity? 

 

          A       2 m s-1 at a direction of 37 ° east of north 

          B       2 m s-1 at a direction of 53 ° east of north 

          C       10 m s-1 at a direction of 37 ° east of south 

          D       10 m s-1 at a direction of 53 ° west of south 

 

P2   A picture frame is hung by a cord from a nail.  

 

Which vector triangle represents the resultant R of the tension forces T 

in the cord? 

 

 

 

P3 A box of weight W is suspended from a fixed point O 

by a fixed thread. A force F is applied such that the 

thread makes an angle 𝜃 to the vertical when box is 

at rest. Express the horizontal and vertical component 

of the tension, 𝑇 in the thread in terms of F and W 

respectively. 

 
F 

𝜃 

O 

𝑊 

𝑇 


