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Equipment or materials required – Calculator. 

 

 

FORMULAE BOOKLET FOR ELECTRICAL ENGINEERING 
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FORMULAE BOOKLET FOR THERMODYNAMICS 
 
 
 

• BASIC CONCEPT: 

The change in the energy content of a body or any other system is equal to the difference 

between the energy input and the energy output, and the energy balance is expressed 

as: 

∆𝐸 = 𝐸𝑖𝑛 − 𝐸𝑜𝑢𝑡 

 

 

 

 

WORK: 

Work done by the system is considered: POSITIVE 

Work done on the system is considered: NEGATIVE 

 

HEAT: 

Heat transfer into the system is considered: POSITIVE. 

Heat transfer out of the system is considered: NEGATIVE. 

 

• CLOSED SYSTEMS: 

Non-flow energy equation: 

∆U = Q − W 

 

• ENTHALPY: 

𝐻 = 𝑈 + 𝑃. 𝑉           (J) 
 

Where: 

o U = internal energy 

o P = pressure 

o V = volume 

 

• FLOW WORK: 

The flow work, or flow energy, or again displacement energy: 

 

𝑊𝑓𝑙𝑜𝑤 = 𝑃 × 𝑉 

 

• OPEN SYSTEMS / Steady-flow systems 

✓ Mass Balance: 

∑ 𝑚̇ =

𝑖𝑛

∑ 𝑚̇                       (kg/s)

𝑜𝑢𝑡

 

 

✓ Energy Balance: 

 

𝑄̇ − 𝑊̇ = ∑ 𝑚̇. (ℎ +
1

2
. 𝑐2 + 𝑔. 𝑧)

𝑜𝑢𝑡

− ∑ 𝑚̇. (ℎ +
1

2
. 𝑐2 + 𝑔. 𝑧)

𝑖𝑛

 

E2 – E1 
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• CONTINITY OF MASS FLOW: 

𝑚̇ = 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑖𝑛 𝑘𝑔 𝑠                                     𝐴 = 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑖𝑛 𝑚2⁄  

𝑣 = 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝑚3 𝑘𝑔⁄                        𝑐 = 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑖𝑛 𝑚 𝑠⁄  

Consider the volume of substance passing the section per second = 𝑉̇ in m3/s 

𝑉̇ = 𝑚̇. 𝑣      also     𝑉̇ = 𝐴. 𝑐   (Continuity equation) 

Therefore: 

   𝑚̇. 𝑣 = 𝐴. 𝑐 

From which 

   𝑚̇ =
𝐴. 𝑐

𝑣
 

 
 

• OPEN SYSTEMS / Unsteady-flow systems 

✓ Mass Balance: 

𝑚𝑖 − 𝑚𝑒 = 𝑚2 − 𝑚1 

 

Where: 

o i = inlet, and e = exit. 

o 1 = initial state, and 2 = final state of the control volume. 

o Often one or more terms in this equation are zero. 

✓ Energy Balance: (when kinetic and potential energy changes associated with the 

control volume and fluid streams are negligible) 

 

𝑄 − 𝑊 = ∑ 𝑚ℎ − ∑ 𝑚ℎ +

𝑖𝑛𝑜𝑢𝑡

(𝑚2𝑢2 − 𝑚1𝑢1) 

 
 

• IDEAL GAS: 

We defined an ideal gas as a gas whose temperature, pressure, and specific volume 

are related by: 

𝑃. 𝑣 = 𝑅. 𝑇 

 

where: 

o R is the gas constant (kJ/kg.K) or (kPa.m3/kg.K) 

o P the absolute pressure (kPa) 

o T the absolute temperature (K) 

o v is the specific volume (m3/kg) 

The change in internal energy or enthalpy for an ideal gas during a process from state 

1 to state 2 are defined as: 

𝑢2 − 𝑢1 = 𝑐𝑣(𝑇2 − 𝑇1)       (kJ kg⁄ ) 

ℎ2 − ℎ1 = 𝑐𝑝(𝑇2 − 𝑇1)       (kJ kg⁄ ) 

where: 

o cv is the specific heat at constant volume 

o cp is the specific heat at constant pressure 

 
Reminder: 

°𝐶 = 𝐾 − 273                                𝐾 = °𝐶 + 273 
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ELECTRICAL ENGINEERING 
 

 

1. QUESTION ONE (10 marks) 

 

A battery of emf 9.0 V and internal resistance, r, is connected in the circuit shown in the 

figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Given that the battery current in 1A calculate: 

i. The potential difference between points A and B. [2] 

ii. The internal resistance r. [3] 

iii. The energy transformed by the circuit in 5 minutes. [2] 

iv. State and explain why it is an advantage for a battery to have a low internal 

resistance. [3] 

 

 

 

2. QUESTION TWO (20 marks) 

 

a. Domestic users in the United Kingdom are supplied with mains electricity at a root 

mean square voltage of 230V. State what is meant by root mean square voltage. [2] 

 

b. Calculate the peak value of the supply voltage. [2] 

 

c. Calculate the average power dissipated in a lamp connected to the mains supply when 

the rms current is 0.26 A. [2] 

 

d. In the UK, mains devices operate at a frequency of 50Hz. What is the period of each 

cycle. [2] 

 

e. Figure 2 shows an ac waveform that is displayed on an oscilloscope screen. The trace 

obtained on the screen has a time base setting at 10 m/s per division and the voltage 

sensitivity at 15 V per division. For the AC source shown calculate: 
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i. The frequency. [2] 

ii. The rms voltage. [2] 

iii. The peak voltage. [2] 

iv. The peak to peak voltage. [2] 

v. What would happen if the time base was switched off? [2] 

vi. How many complete cycles would you expect to see if the time base was set 

to 40ms per division? [2] 

 

3. QUESTION THREE (20 marks) 

 

a. Define the capacitance of a capacitor. [2] 

 

b. A capacitor of capacitance 330 μF is charged to a potential difference of 9.0 V. It is 

then discharged through a resistor of resistance 470 kΩ. Calculate: 

i. The energy stored when the capacitor is fully charged. [2] 

ii. The time constant of the discharging circuit. [2] 

iii. The potential difference across the capacitor 60 s after discharging has begun.

 [3] 

 

c. The graph below shows how the charge on a capacitor decreases over time when placed 

across a 100kΩ.  

 

 

 

 

 

 

 

 

 

 

 

From the graph calculate: 

i. The time constant of the circuit. [2] 

ii. The capacitance of the capacitor. [2] 

 



Page 6 of 12 

 

d. On an experiment to analyse how the voltage of a capacitor changes with time the 

following graph was obtained. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

i. Use this graph to calculate the pd across the capacitor when t = 0. [3] 

ii. The time constant. [2] 

iii. The capacitance of the capacitor given that the resistance used was 91 kΩ. 

[2] 
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THERMODYNAMICS 
 

 

 

4. QUESTION FOUR / Closed System (16 marks) 
 
A well-insulated rigid tank contains 5 kg of a saturated liquid-vapour mixture of water as 

shown in Figure 1. The initial mixture has a quality of 0.35721 and a pressure of 100 kPa. 

An electric heater placed in in the tank is turned on, until the entire liquid is vaporised (that 

is, until the quality reaches 1). During the duration of the process, the electric heater resistor 

is connected to a 110 Volts source, and a current of 8 A flows through the resistor.  

i. Knowing that the volume remains constant, determine the final pressure. [8] 

ii. Determine the length of time in hour the heater must be kept on.  [8] 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Well-insulated rigid tank. 

 

 

 

Assumptions: 

• Kinetic and potential energy changes are negligible.  

• The electrical work can be determined from: 𝑊𝑒 = 𝑉. 𝐼. ∆𝑡 where V and I are the 

voltage and current respectively and ∆𝑡 the time duration. 

• The properties of the fluid can be found in Table A-5. 

• In a saturated liquid-vapour mixture, the mass fraction of vapour is called the 

quality and is expressed as: 

𝑥 =
𝑚𝑣𝑎𝑝𝑜𝑢𝑟

𝑚𝑡𝑜𝑡𝑎𝑙
 

Quality may have values between 0 (saturated liquid) and 1 (saturated vapour). 

It has no meaning in the compressed liquid or superheated vapour regions. In 

the saturated mixture region, the average value of any intensive property y is 

determined from: 

𝑦 = 𝑦𝑓 + 𝑥. 𝑦𝑓𝑔 

where f stands for saturated liquid, g for saturated vapour and y stands for v, u 

or h. 

• For specific volume, 𝑣𝑓𝑔 = 𝑣𝑔 − 𝑣𝑓 

 

 

 

 

 

H2O 

Volume = constant 

We
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5. QUESTION FIVE / Opens System, Steady-Flow Process (16 marks) 
 
A compressor requires a power input of 4 kW to compress air at 120 kPa and 20C to 100 

kPa and 300C as shown in Figure 2. The compressor is not well insulated and it is estimated 

that the equivalent of 10% of the power input is lost to the surroundings in the form of heat. 

Calculate, 

i. The mass flow rate of air in kg/s, [10] 

ii. The volumetric flow rate of air in litre/s at both the inlet and outlet. [6] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Compressor. 

 

 

 

Assumptions: 

• The compressor operates under steady-flow conditions. 

• Kinetic and potential energy are negligible. 

• Air is considered as an ideal gas. 

• Air properties can be found in Table A-2. 
 

 

 

 

 

 

 

 

 

 

 
Compressor  

𝑊̇𝑖𝑛 = 4 𝑘𝑊 

𝑃2 = 1000 𝑘𝑃𝑎 

𝑇2 = 300°𝐶 

 

𝑃1 = 120 𝑘𝑃𝑎 

𝑇1 = 20°𝐶 

𝑄̇ = 10% 𝑜𝑓 𝑊̇𝑖𝑛 
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6. QUESTION SIX / Open System, Unsteady-Flow Process (18 marks) 
 

A vertical piston-cylinder device initially contains 0.8 m3 of refrigerant R-134a at 1.2 MPa 

and 120C. A linear spring at this point applies full force to the piston as shown in Figure 

3. A valve connected to the cylinder is now opened, and refrigerant is allowed to escape. 

The spring unwinds as the piston moves down, and the pressure, volume and temperature 

drop to 600 kPa, 0.5 m3 and 90C at the end of the process. The piston-cylinder is not well 

insulated and heat is lost to the surroundings during the process. Knowing that the enthalpy 

of exiting fluid is assumed to be the average of initial and final enthalpies of the refrigerant 

in the cylinder, and noting that for a linear spring, the boundary work can be determined 

from, 

𝑊𝑏 =
𝑃1 + 𝑃2

2
(𝑉1 − 𝑉2) 

Calculate, 

i. The mass of refrigerant that has escaped the cylinder during the process. [8] 

ii. The amount of heat transfer between the piston-cylinder and the surroundings during 

the process. [10] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Vertical piston-cylinder. 

 

 

Assumptions: 

• This is an unsteady-flow process. 

• Kinetic and potential energy changes are negligible. 

• At both the initial and final states, the refrigerant R-134a is in a superheated state. 

• The properties of refrigerant R-134a can be found in Table A-13. 

 

 

R-134a 

OUTLET 

ℎ𝑒 =
ℎ1 + ℎ2

2
 

Initial state 

V1 = 0.8 m3 

P1 = 1.2 MPa 

T1 = 120C 

Final state 

V2 = 0.5 m3 

P2 = 600 kPa 

T2 = 90C 

𝑄 =? 
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