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LOCATION: SWANSEA  LLEOLIAD:  ABERTAWE 

LEVEL 4 LEFEL 4 

EXAMINATION PERIOD CYFNOD ARHOLIADAU 

AUGUST 2020 AWST 2020 

 

MODULE CODE: M4X00386 

ENGINEERING SCIENCE 2 

TIME:  2 HOURS  

ANSWER ALL QUESTIONS 

 
 

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) Define the following:  

i. Power         [2] 

ii. Capacitance        [2] 

 

b) Calculate the charge passing a given point in 25 s when a current of 0.22 A is flowing 

[2]  

 

c) Figure 1 shows the circuit in question 1 where internal resistance is not neglected. 

  Given that the reading on A1 is 2.5 A and R1 = 4.R2, what is the reading on A2 ? [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1 

R1 

R2 

r 
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2. QUESTION TWO (20 marks) 

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) The time base of the oscilloscope is set at 2.5 ms per division and the y-gain at 1.5 V 

per division. 

i. Calculate the frequency of the waveform [2] 

ii. Calculate the peak voltage [2] 

iii. Calculate the period [2] 

iv. Calculate the rms voltage [2] 

 

b) State and explain the effect on the oscilloscope if the time base is switched off [2]  

c) In the UK, domestic users are supplied with mains electricity at a root mean square 

voltage of 230 V.  

 

   

 

 

 

 

 

i. State what is meant by root mean square voltage [2] 

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

iii. Calculate Irms if the peak current is 7.5A [2] 

iv. Using your answer to (iii), if Vrms is 110 V, calculate the peak voltage and 

the value of resistor R [4]  

Figure 2 

Figure 3 
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3. QUESTION THREE (20 marks) 

 

 

a) A 720 µF capacitor is charged fully from a 24 V battery. At time t = 0 the capacitor 

begins to discharge through a resistor. When t = 25 s the energy remaining in the 

capacitor is one quarter of the energy it stored at 24 V. 

i. Determine the pd across the capacitor when t = 25 s. [2] 

ii. Show that the time constant of the discharge circuit is 36 s. [2] 

iii. Calculate the resistance of the resistor [2] 

 

b) Figure 3 shows a capacitor which was charged to a pd of 12 V and discharged through 

a 750 kΩ resistor. 

i. Calculate the initial discharge current [3] 

ii. Use the graph to determine the time constant of the circuit, giving the answer 

to an appropriate number of significant figures [5] 

iii. Calculate the capacitance of the capacitor [3] 

iv. Calculate how long it took for the capacitor to lose 75% of its initial voltage

 [3]  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THERMODYNAMICS 
 

 

 

 

 

 

Figure 3 
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Q  

THERMODYNAMICS 
 

 

 

4. QUESTION FOUR / Closed System (16 marks) 
 
 
A rigid container equipped with a resistance heater contains 2 kg of air. The resistance heater 

is switched on for 28 minutes. Determine, 

i. The change of specific internal energy in kJ/kg during this time; knowing that the air 

container loses 3 MJ of heat while 1.8 kW of power is applied to the resistance heater.

 [12] 

ii. The final air temperature if the initial air temperature in the container is 10C. [4] 

 

 

 

 

 

 

 

 

 

 

 

Assumptions:  

• Air is considered as an ideal gas.  

• Gas constant and specific heats values can be found in Table A-2. 

 

 

 

 

 

5. QUESTION FIVE / Opens System, Steady-Flow Process (16 marks) 
 

 
An adiabatic air compressor compresses 0.02 m3/s of air at 125 kPa and 25°C to 900 kPa 

and 300°C. Determine: 

i. The specific work required by the compressor in kJ/kg. [8] 

ii. The power required to drive the air compressor in kW. [8] 

 

 

 

 

 

 

 

 

 

AIR 

WElec 
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Assumptions: 

• Air can be considered as an ideal gas. 

• Gas constant and constant specific heat values can be found in Table A-2. 

• Kinetic and potential energy changes are negligible.  

• The device is adiabatic and thus heat transfer is negligible. 

 

 

 

 

 

 

6. QUESTION SIX / Open System, Unsteady-Flow Process (18 marks) 
 

 
An insulated rigid tank is initially evacuated. A valve is opened, and atmospheric air at 

100 kPa and 20°C enters the tank until the pressure in the tank reaches 100 kPa, at which 

point the valve is closed. Determine, 

i. the final temperature of the air in the tank,  [14] 

ii. the specific volume of the tank. [4] 

 

 

 

 

 

 

 

 

 

 

𝑊̇𝑖𝑛 = ? 

Compressor 

P2 = 900 kPa 

T2 = 300°C 

P1 = 125 kPa 

T1 = 25°C 

𝑉̇1 = 0.02 𝑚3 𝑠⁄  
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Assumptions: 

• Air can be considered as an ideal gas. 

• Constant specific heat values can be found in Table A-2.  

• Reminder: the change in internal energy or enthalpy for an ideal gas during a process 

from state a to state b are defined as: 

𝑢𝑏 − 𝑢𝑎 = 𝑐𝑣(𝑇𝑏 − 𝑇𝑎)       (kJ kg⁄ ) 

ℎ𝑏 − ℎ𝑎 = 𝑐𝑝(𝑇𝑏 − 𝑇𝑎)       (kJ kg⁄ ) 

• Kinetic and potential energy changes are negligible. 

• There are no work interactions involved. 

• The device is adiabatic and thus heat transfer is negligible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Initial time      Final time 

Evacuated   P2 = 100 kPa 

     T2 = ? 

 

Inlet 
AIR 

Pi = 100 kPa 

Ti = 20°C 
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Diwedd/End 


