
Advanced Automotive Scientific Principles
Automotive Technology  ·  Answer Key  ·  16 Questions

1. Which combustion phenomenon in a gasoline engine is characterized by the
spontaneous ignition of the fuel-air mixture ahead of the normal flame front, leading
to uncontrolled pressure waves and potential engine damage?

A) Pre-ignition

B) Detonation (Knock)
C) HCCI (Homogeneous Charge Compression Ignition)

D) Diesel Knock

2. In a modern catalytic converter, the primary function of the rhodium (Rh) component
is to reduce which pollutant?

A) Carbon Monoxide (CO)

B) Unburned Hydrocarbons (HC)

C) Nitrogen Oxides (NOx)
D) Particulate Matter (PM)

3. The Otto cycle, a thermodynamic model for spark-ignition internal combustion
engines, assumes ideal conditions. What is the key characteristic that distinguishes
the compression stroke from the expansion stroke in this cycle?

A) Adiabatic compression followed by isochoric heat addition

B) Isobaric heat addition followed by adiabatic expansion

C) Adiabatic compression followed by adiabatic expansion
D) Isochoric heat addition followed by isobaric heat rejection

4. What is the primary mechanism by which active noise cancellation (ANC) systems in
vehicles reduce unwanted cabin noise, particularly low-frequency engine rumble?

A) Sound absorption using porous materials

B) Sound reflection using hard surfaces

C) Generation of anti-phase sound waves
D) Filtering out specific frequency ranges electronically

5. The phenomenon of 'turbo lag' in turbocharged engines is primarily caused by the
inertia of the turbine and compressor wheels and the time required for:

A) The exhaust gases to reach sufficient velocity to spin the turbine effectively.
B) The engine's ECU to adjust fuel injection timing.

C) The intercooler to dissipate heat from the compressed air.

D) The wastegate to open and regulate boost pressure.
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6. In the context of electric vehicle (EV) battery thermal management, what is the
primary purpose of a liquid cooling system compared to air cooling?

A) To minimize battery degradation by operating at higher temperatures.

B) To provide more precise temperature control and prevent thermal runaway.
C) To reduce the overall weight of the battery pack.

D) To increase the charging speed regardless of ambient temperature.

7. Which of the following is a fundamental principle governing the operation of a
permanent magnet synchronous motor (PMSM) commonly used in electric vehicles?

A) The motor generates torque through the interaction of magnetic fields produced by

electromagnets.

B) The rotor magnets are excited by DC current supplied through slip rings.

C) The stator windings, when energized with AC, create a rotating magnetic field that
interacts with the rotor's permanent magnets.
D) The motor's speed is controlled by varying the frequency of a pulsed DC current.

8. The 'knock limit' in spark-ignition engines refers to the maximum:

A) Volumetric efficiency that can be achieved without detonation.

B) Engine speed before valve float occurs.

C) Cylinder pressure that can be sustained without abnormal combustion.
D) Air-fuel ratio that can be burned completely.

9. In a hydraulic braking system, the Pascal's principle states that pressure applied
to an enclosed fluid is transmitted undiminished to every portion of the fluid and the
walls of the containing vessel. How does this principle enable the amplification of
force at the brake caliper?

A) By increasing the viscosity of the brake fluid.

B) By utilizing pistons of different areas in the master cylinder and caliper.
C) By increasing the temperature of the brake fluid.

D) By reducing the surface area of the brake pads.

10. The embrittlement of certain steels, such as those used in high-strength fasteners
or exhaust components, by hydrogen is known as:

A) Creep

B) Fatigue

C) Stress Corrosion Cracking

D) Hydrogen Embrittlement
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11. What is the primary thermodynamic advantage of using a lean burn combustion
strategy in gasoline engines?

A) Increased volumetric efficiency at high loads.

B) Reduced NOx emissions due to lower peak combustion temperatures.
C) Higher power output due to richer mixtures.

D) Improved fuel economy by operating at stoichiometric ratios.

12. The phenomenon of cavitation in automotive fuel pumps is caused by:

A) Excessive fuel pressure leading to vapor bubble formation.

B) Low fuel pressure and rapid changes in flow velocity creating vapor bubbles that
collapse.
C) The presence of air in the fuel system.

D) Overheating of the fuel pump motor.

13. In a four-stroke internal combustion engine, the valve overlap period refers to
the time when:

A) Both the intake and exhaust valves are fully closed.

B) The intake valve is opening and the exhaust valve is closing simultaneously.
C) The intake valve is closed and the exhaust valve is opening.

D) Both the intake and exhaust valves are fully open.

14. Which type of gear train is typically used in a vehicle's automatic transmission
to provide multiple gear ratios by selectively engaging different planetary gear sets?

A) Worm Gear Drive

B) Spur Gear Drive

C) Epicyclic (Planetary) Gear Train
D) Bevel Gear Drive

15. The efficiency of a DC-DC converter in a hybrid or electric vehicle is primarily
limited by losses from:

A) Friction in mechanical components.

B) Capacitive and inductive elements, and switching losses in semiconductor devices.
C) Aerodynamic drag on the vehicle.

D) Combustion inefficiencies.

16. What is the primary scientific principle behind the operation of a
direct-injection gasoline engine (GDI) that allows for improved fuel economy and power
output compared to port injection?

A) Stratified charge combustion achieved by precise fuel delivery into the cylinder.
B) Increased intake manifold pressure due to direct injection.

C) Cooling effect of fuel evaporation within the intake manifold.

D) More uniform mixing of fuel and air in the intake port.
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