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	1
	Programme Title
	Physics with Medical Physics

	2
	Programme Code
	PHYU10

	3
	JACS Code (if applicable)
	F371

	4
	Level of Study
	Undergraduate (QAA framework level M)

	5
	Final Qualification
	MPhys 

	6
	Intermediate Qualification(s) 
	none

	7
	Teaching Institution 

(if not Sheffield)
	n/a

	8
	Faculty
	Pure Science

	9
	Home Department
	Physics and Astronomy

	10
	Other Department(s) involved in teaching the programme
	Medical Physics and Engineering

	11
	Mode(s) of Attendance
	full time

	12
	Duration of the Programme
	4 years

	13
	Accrediting Professional or Statutory Body (if applicable)
	Institute of Physics

	14
	Date of production/revision
	February 2003; last revised June 2003


15. Background to the programme and subject area

	Physics is one of the most fundamental of the sciences: not only is it a fruitful research discipline in its own right, but its ideas and techniques underpin developments in many other areas of science, technology and medicine.  It is characterised by the use of a few basic principles, quantities and laws to describe, understand and predict the behaviour of relatively complex systems, both natural and artificial.  The key features of physics are the modelling of natural phenomena by means of mathematical equations (“theory”) and the making of experimental or observational measurements which both test existing theories and inspire new ones (“experiment”).  The interplay of theory and experiment drives the development of the field, and requires a broad range of skills including mathematical modelling, problem solving, experiment design and data analysis, teamwork and communication.

Medical physics describes the application of physics principles in the human context.  Most practising clinical medical physicists work in the area of radiation physics, using ionising or non-ionising radiation for diagnostic (often imaging) or therapeutic purposes.  Clinical engineering, a sister discipline, deals with the application of physics in divers areas including, for example, gait analysis and prosthesis design.  Many research medical physicists work at the leading edge of the science, particularly in the development of imaging tools and image analysis processes.

The academic emphasis of the MPhys in Physics with Medical Physics is very much on the underpinning physics and mathematics, but approximately one third of the programme is devoted to the development of these principles in medical physics applications.  The aim is to prepare students to apply their skills in any branch of physics, in research, teaching or industry.  The degree is accredited by the Institute of Physics and can lead after suitable professional experience to Chartered Physicist status.  However, some students considering this programme are motivated towards a career in clinical medical physics.  The NHS two-year postgraduate training programme for medical physicists in the UK recruits approximately 50 individuals per year.  The MPhys features a hospital or industrial placement and an extended research project, the latter often following on from the former.  Students taking this degree programme should be well-informed about medical physics and thus well-placed in the competition for places on the training scheme. The Department of Medical Physics in Sheffield has a primary interest in ‘Modelling and Measurement in Medicine’, and this interest is reflected in the course structure and, in particular, in the range of projects offered.
More information can be found on the Web at  http://www.shef.ac.uk/~phys/ .


16. Programme aims 

	All programmes of study offered by the Department of Physics and Astronomy have the following general aims, consonant with the Mission Statement of the University of Sheffield:
1. to provide teaching at undergraduate and postgraduate levels that is informed and invigorated by the research and scholarship of the staff and is stimulating, useful and enjoyable to students from a wide variety of educational backgrounds;

2. to produce graduates with well-developed practical, analytical, communication, IT and problem-solving skills who readily find employment in industry, the professions and public service;

3. to address a wide diversity of student interests and aspirations through degree courses which retain flexibility and choice while furnishing a well-rounded understanding of the subject;

4. to encourage and develop our students’ desire for learning and to support their development of appropriate interpersonal and transferable skills;

5. to sustain a culture of teaching and research that is able to foster the free pursuit of knowledge and the rigorous, quantitative analysis of information; 

6. to provide, through the Foundation Year, access to our degree courses for students with suitable levels of academic ability from non-traditional educational backgrounds.

The specific aims of the MPhys in Physics with Medical Physics are

7. to produce graduates with an understanding of most fundamental laws and principles of physics, along with their application to the medical physics discipline, including diagnostic imaging, clinical engineering and radiotherapy;

8. to prepare students for a professional career or research degree in physics, medical physics or a related discipline;

9. to provide some exposure to the hospital environment to assist students in making an informed choice about a potential career in the medical physics discipline;

10. to encourage the development of a professional attitude and an understanding of the role of a clinical scientist;

11. to ensure that students can manage their own learning and study a topic independently with the aid of appropriate research articles and primary sources.




17. Programme learning outcomes

	Knowledge and understanding:

	K1
	A sound grasp of the fundamental laws and principles of physics and the ability to apply these to solve problems and understand the behaviour of natural phenomena and/or man-made systems.

	K2
	A working knowledge of a variety of experimental, mathematical and/or computational techniques applicable to current research in physics and medical physics.

	K3
	An awareness of the empirical nature of physical science and an understanding of the interplay between theory and experiment.

	K4
	An understanding of the importance of experimental uncertainty and error analysis, and of the significance of this aspect of experimental work in drawing conclusions based on empirical data.

	K5
	A thorough grounding in all the basic areas of physics, namely mechanics, thermal physics, special relativity, electromagnetism, quantum mechanics, condensed matter physics, atomic, nuclear and particle physics

	K6
	Knowledge of several of the above areas at a level at, or informed by, the forefront of the discipline

	K7
	Familiarity with basic laboratory equipment and techniques, including knowledge of safe working practices.

	K8
	An understanding of quantum mechanics and statistical physics to a level appropriate as a foundation for postgraduate research.

	K9
	An appreciation of current research and advanced scholarship in several aspects of modern physics.

	K10
	Familiarity with medical physics terminology, including appropriate grounding in aspects of human anatomy and physiology.

	K11
	An understanding of the roles of ionising and non-ionising radiation in diagnostic and therapeutic processes.

	K12
	An understanding of the process of image formation.

	K13
	Experience in the application of modelling or simulation tools to the development of understanding of physics processes.

	K14
	An awareness of the role and professional requirements of a practising clinical medical physicist.


	Skills and other attributes: 

	S1
	The ability to analyse and solve problems in physics and medical physics by identifying the appropriate physical principles, developing a mathematical model of the system and using appropriate mathematical techniques to obtain a solution.

	S2
	The ability to interpret a mathematical description of a physical system so as to deduce its behaviour and properties.

	S3
	The ability to plan and execute, with appropriate supervision, an experimental, observational or theoretical investigation of a research-level topic in physics or medical physics, including the ability to analyse the results critically and quantitatively and to draw valid conclusions.

	S4
	The ability to communicate scientific ideas and experimental results clearly, concisely and effectively, both orally and in writing, with proper regard for the needs of the audience.

	S5
	Effective use of IT skills in data analysis and/or numerical simulation or solution of physical or mathematical systems, including working knowledge of a programming language and the ability to make use of appropriate software packages.

	S6
	Effective use of IT skills in communication, including word processing and presentation software packages.

	S7
	The ability to plan and manage their own learning, including time management skills and the ability to learn effectively using a wide variety of sources (lectures, textbooks, websites, etc.)

	S8
	The ability to learn independently, using written source material at a research level, i.e. primary or review papers in scientific journals, as well as other appropriate sources.

	S9
	The ability to work effectively as a member of a team.

	S10
	The ability to summarise and present the results of research-level investigations both orally and in writing.

	S11
	Competence in the use of standard laboratory equipment and the ability to master, with appropriate training, new experimental techniques or specialised equipment. 

	S12
	The ability to use a modern numerical analysis (finite element) code to address simple problems in thermal analysis, solid mechanics and fluid mechanics.

	S13
	Experience in the application of medical physics in a clinical environment.


18. Teaching, learning and assessment

	Development of the learning outcomes is promoted through the following teaching and learning methods:

1. Lectures

The standards required of a graduate in the physical sciences include the acquisition of a substantial body of knowledge (K1–K3, K5, K6, K8–13).  This is conveyed principally through traditional lectures, backed up by tutorials, problems classes and suitable formative assessment (see below).  Most 10-credit taught modules include approximately 20 formal lectures. Much of the teaching in medical physics is carried out by clinical scientists with appropriate professional qualifications.

2. Tutorials

All students in levels 1 and 2 have weekly small-group tutorials in physics.  The principal aim of tutorial classes is to develop students’ problem-solving skills (K1, K2, S1, S2) and to address any difficulties with the taught material.  At level 1, homework problems are integrated into the tutorial system to help students to develop the ability to manage their learning (S7) and to assist tutors in diagnosing and addressing any difficulties.  

3. Problems classes

Problems classes are held at level 1 to facilitate development of problem-solving skills (K1, K2, S1, S2) and consolidate material taught in lectures.  In addition, several modules whose designated learning outcomes are highly skills-oriented (e.g. PHY225 Programming in C++ (S5) and the synoptic module PHY315, see below) are taught predominantly through the medium of problems classes, with problem-solving sessions fully integrated with the introduction of new material where relevant.

4. Teaching laboratories

All physics modules at level 1 have an associated laboratory component accounting for 20% of the module grade.  The first year laboratory curriculum is designed to raise students’ awareness of the importance of quantitative experimental work and data analysis, particularly with respect to the significance of experimental error (K3, K4) and to develop their skills in these areas (S3, S5) as well as general numerical problem-solving skills (K1, K2, S1–3, S5). It concentrates on developing sound laboratory technique and familiarity with basic equipment (K7, S11).and includes exercises on the writing of laboratory reports (S4, S6).  The core curriculum in level 1 medical physics includes two electronics modules with associated laboratory work designed to introduce students to standard electrical and electronic components and the associated working practices (K7, S11); the medical physics modules also have a laboratory component introducing the application of physics to living systems, e.g. physics of vision and mechanics of muscular action (K10, K12, S1).
At level 2, the physics laboratory (K2, S5, S11) comprises a separate 10-credit module extending and enhancing the basic knowledge and skills developed at level 1.  Level 2 laboratory work in medical physics is closely tied to the lecture courses and introduces standard medical physics equipment and techniques (K10, K11, S11, S12, S13).
5. Projects

At level 3, students carry out two 10-credit projects (S3, S10), one each in physics and medical physics, supervised by a member of staff.  Projects may be experimental, observational, computational or mathematical according to the student’s interests and strengths (departmental aim 3); most are carried out in pairs or small groups (S9).

At level 4, students do a hospital or industrial placement (K14). with the aim of developing awareness of the role of medical physicists. It is supervised by a clinical scientist.   The level 4 project in medical physics (S3, S10, S13) often follows on from the hospital placement and is thus of direct clinical relevance. It is supervised by a clinical scientist or, less often, an academic. 

6. Seminars

All first year physics modules include seminars by guest speakers.  The aim of this is to infuse the first-year course with some research-led material (K6, K9, departmental aim 1).

7. Independent study

Some modules at levels 1 and 2, and many modules at levels 3 and 4, contain elements of independent study, where students are asked to carry out a directed reading assignment with set goals (S7) or a literature search on a specified topic (S7, S8).  These modules offer students the chance to develop their learning skills and, often, to pursue particular interests (departmental aims 3 and 10).  All students pursuing independent study have a named supervisor from whom they can seek assistance or advice if necessary.

8. Synoptic module

To enhance problem-solving skills (K1, S1, S2) and to counteract students’ tendency to compartmentalise their knowledge according to the course modules in which it was delivered, physics includes a 10-credit synoptic module at level 3 designed to review the whole core course (K5) in a series of short problems.  This module is taught through problems classes (see above).




	Opportunities to demonstrate achievement of the programme learning outcomes are provided through the following assessment methods:

1. Formal examinations

Most taught modules are assessed primarily by formal examinations (2 hours for a 10-credit module and 3 hours for a 20-credit module), which typically account for between 60% and 90% of the module grade.  Formal examinations provide effective tests of knowledge (K1, K5–6, K8–13, S11, S12) and basic problem-solving skills (S1, S2).  Most examination papers include a compulsory element accounting for 30–40% of the paper, designed to demonstrate that students possess a basic overview of the subject matter, and a choice of more searching questions demonstrating detailed knowledge of some aspects of the material.  Questions are structured and are presented with an indicative marking scheme.

2. Formative assessment (continuous assessment, homework and progress tests)

Laboratory modules and laboratory components of taught modules are assessed principally through student lab diaries and formal laboratory reports (K2–4, S1–6).  Written and oral feedback is provided on the spot by lab demon​strators, to enable students to address weaknesses immediately.  This assessment is supplemented at level 1 by homework exercises on specific aspects of data analysis such as uncertainty calculations and statistics, and at level 2 by additional presentation methods such as posters and talks.

Most taught modules have an element of formative assessment (homework or progress tests) accounting for a small proportion of the module grade, typically 10%.  Feedback from these exercises allows the lecturer to monitor class progress and identify problems, as well as providing students with information to help them to manage their own learning (S7).  At levels 1 and 2 in physics, the results of such assessment exercises are also fed back to tutors, to increase the effectiveness of the tutorial system.

3. Essays and reports

Some modules involving independent study (S7, S8) are assessed wholly or partly through essays and reports (S4, S6, S11).  These are marked according to content, clarity of exposition, language and style, following marking schemes which are public and available to students.  Written feedback is provided.

To address concerns about subjectivity in assessment of this type of material, all essays and reports contributing more than 40% to a particular module are independently double-marked by two members of staff.  Discordant marks are investigated by using a third marker, by a reconciliation meeting between the two markers, or by recourse to the relevant examiners’ meeting.

4. Project and placement assessment

Level 3 and 4 projects are assessed according to a carefully structured scheme involving the supervisor’s assessment of the quality of the work (measured against a well-defined set of criteria addressing learning outcomes K7, K13, S3, S5, S9, S10, S13), the final project report (S4, S6) and a viva voce examination (S4, S6).  The latter two are marked by the supervisor and an independent co-assessor, with both marks equally weighted.

The level 4 hospital placement is assessed by the supervisor (K7, K14, S11, S13), by oral presentation (S4, S6) and through an essay reflecting on the role of a medical physicist in society (K14) informed by the placement experience. 



19. Reference points

	The learning outcomes have been developed to reflect the following points of reference:

· the QAA subject benchmark statement for physics, astronomy and astrophysics (http://www.qaa.ac.uk/crntwork/benchmark/phase2/physics.pdf)

· the QAA framework document for higher education qualifications in England, Wales and Northern Ireland (http://www.qaa.ac.uk/crntwork/nqf/ewni2001/contents.htm)

· the accreditation criteria of the Institute of Physics (http://physics.iop.org/IOP/accreditation.html)

· the teaching and learning strategies of the Department of Physics and Astronomy and the mission statement of the University of Sheffield (http://www.shef.ac.uk/genref/cplan/1mission.html)


20. Programme structure and regulations

	The general structure of the programme is as follows:

Level 1: 


· 40 credits each of physics and mathematics; 20 credits each of medical physics and electronics; all modules 
are core.  

· Level 1 is designed to provide the necessary skills in basic mathematics and electronics together with an 
overview of both physics and medical physics.

Level 2:


· 70 credits of physics (including a 10-credit laboratory module), a 10 credit module in mathematical methods 
and 40 credits of medical physics, designed to provide a thorough grounding in all subject areas.  

· All modules are core.

Level 3: 


· 40 credits of taught physics and 30 of taught medical physics modules, designed to provide a deeper 
understanding of key areas of the subject  

· Two 10-credit projects, one in physics and one in medical physics, to develop students’ ability to carry 
out experimental, observational or theoretical investigations, normally as a member of a pair of students.  

· A 10-credit module in computing, developing a working knowledge of the C++ language (level 2).  

· 20 credits chosen from a wide range of physics modules designed to provide students with deeper 
understanding of particular areas of the subject of interest to them.

Level 4:


· 20 credits of taught physics modules at level 3 (postponed from Y3 by timetabling constraints)        

· A 20 credit hospital or industrial placement to promote an awareness of the role and professional
requirements of a practising medical physicist.  

· A 20 credit medical physics research project.  

· A 10-credit synoptic module in physics, designed to enhance students’ problem-solving skills and their understanding of physics as a unified discipline.  

· 50 further credits chosen from a wide range of physics modules designed to develop students’
understanding of particular areas of the subject of interest to them to a level informed by current research activity in the department.

The final degree class is determined by a weighted mean of grades from years 2, 3 and 4 in the ratios 1:2:2.  Transfers between MPhys and BSc are possible at any time during years 1 and 2, in either direction, and from MPhys to BSc during year 3.  Transfers from BSc to MPhys during year 3 are not recommended, but may be permitted in exceptional circumstances if the student concerned satisfies the requirements for the MPhys programme regarding core credits and grade average.  Transfers between MPhys Physics with Medical Physics and PHYU02 MPhys Physics are possible at any time at level 1, and may be permitted with departmental approval at level 2.



	Detailed information about the structure of programmes, regulations concerning assessment and progression and descriptions of individual modules are published in the University Calendar available on-line at www.shef.ac.uk/calendar


21. Progression through the programme structure

	Academic advisor

Students’ progression through the programme structure is guided by their Academic Advisor, who also fulfils the pastoral role laid out in the University’s ‘Personal Tutors Policy Statement’.  Students will normally keep the same Academic Advisor from entry to the department until graduation: the Advisor thus develops a good overview of each student’s strengths and aspirations.  Academic advisors assist students with critical programme decisions such as the decision to opt for MPhys or BSc, transfer between programmes (such as from Physics to Physics with Medical Physics or vice versa), choice of options in levels 3 and 4, etc., and also provide, if requested, advice and references for career choices and applications for jobs or postgraduate study.  Advisors and students meet regularly once per semester, with the possibility of additional meetings if requested by either party.

General aspects of progression

Successful completion of all modules at level 1 is required for automatic progression to level 2, although students who fail to achieve the required standard in up to 20 credits of mathematics modules may be awarded a conceded pass at the examiners’ discretion.  Students who have obtained at least 100 credits, but have failed one or more of the medical physics and electronics modules, may be permitted to transfer to PHYU02 MPhys Physics, at the discretion of the examiners’ meeting for physics.  Students who achieve less than 100 credits may not proceed to level 2.
Progression to level 3 of this programme is subject to a minimum overall grade average of 55 at level 2.  Students who fail to achieve this, but have obtained enough credits to continue, will normally transfer to PHYU05 BSc Physics with Medical Physics.

Taught material

Level 1 is designed to provide an overview of physics and an introduction to medical physics, ensuring that students acquire a basic grasp of all areas of the subject, regardless of differing A-level backgrounds.  Both physics and medical physics are mathe​matical sciences, and 30 credits of mathematics are required to ensure that all students develop the skills required to understand the theoretical structure of the discipline and to solve mathematical and numerical problems.  Medical Physics involves the use and understanding of electronic instrumentation, and 20 credits of basic electronics are included.  Level 1 is designed for students with A levels or equivalent in Physics and Mathematics; a Foundation Year is available for able students who lack these qualifications.

Level 2 builds on the foundation established in level 1 to ensure that students acquire a thorough grounding in all key areas of physics and astronomy.  A further module of Mathematical Methods is taken at this level to enhance students’ knowledge of relevant mathematical techniques and their applications in physics and astronomy.  The autumn semester level 2 C++ module, designed to give students a working knowledge of a modern programming language, is taken in Y3 in this degree programme owing to timetabling constraints.  Students may still choose a computational physics project at level 3, since the project is a spring semester module.
In levels 3 and 4 students extend their knowledge and understanding of some areas of the subject to a level which is consonant with participation in the work of a research group.  Core modules ensure that all key fields are covered at least to level 3, while carefully selected option lists allow students to tailor the course to suit their own interests, strengths and aspirations.  The level 3 synoptic module, taken in Y4 in this degree programme owing to timetabling constraints, helps students to see physics as a unified discipline, avoiding compartmentalisation, and also enhance problem-solving skills.  

Laboratory work

The laboratory and project curriculum provides a steady progression from basic skills to research-level project work.  Level 1 equips students with a grounding in basic laboratory equipment and techniques and introduces standard methods of data analysis, with a particular focus on the concept of experimental error and comparison with expected values.  Level 2 extends this experience to longer and more complex experiments, leading naturally to the open-ended project work of level 3.  All students follow the same basic laboratory programme in levels 1 and 2, but mathematical and computational projects are provided for the more theoretically inclined students at level 3.

In medical physics, laboratory work is closely tied to the lecture material, and may include demonstrations by specialists as well as practical work by the students themselves.  At level 1, practical work in the electronics modules develops a basic familiarity with electrical and electronic equipment, while practical work and demonstrations associated with the level 2 medical physics modules introduce the more specialised equipment associated with clinical medical physics, in preparation for the level 3 medical physics project and level 4 hospital placement and medical physics research project.  Laboratory work is backed up by lectures emphasising health and safety issues associated with medical physics, such as those relating to the use of ionising and non-ionising radiation.

Hospital placement and medical physics project

These take place in the autumn and spring semesters of level 4, both held in the hospital.  The project generally grows out of the placement experience.

Independent study

Preparation for independent study begins at level 1, where students research and write an essay on a seminar topic in physics.  A more extensive literature search is carried out as part of the level 3 synoptic module.  Medical physics modules include a number of assessed essays and reports, related to the course material, which require indepen​dent study. The level 4 medical physics project also requires a high degree of independence and initiative.
Transferable skills

Transferable skills are fully integrated with the programme of taught and laboratory modules, as detailed in section 18 above.


22. Criteria for admission to the programme

	Good A2 levels, or equivalent, in Physics and Mathematics (see website below for precise details).

Students demonstrating evidence of the necessary academic ability to complete a degree programme, but lacking the requisite subject qualifications, may enter the programme via the Foundation Year.

Detailed information regarding admission to the programme is available in the University’s On-Line Prospectus at www.shef.ac.uk/prospective/prospectus.html


23. Additional information

	This degree in Physics with Medical Physics contains the same core material as the equivalent degree in Single Honours Physics, and therefore provides entry to a wide range of careers within and outside the physical sciences, including IT-related industries and the financial sector.  However, this degree is particularly suitable for those planning a career in clinical medical physics.  The Department of Medical Physics and Clinical Engineering, which teaches the medical physics element of this degree programme, hosts one of the relevant professional body’s accredited Master’s programmes in Medical Physics.  Students completing the Physics with Medical Physics undergraduate degree programmes have had a high success rate in securing highly-competitive clinical A grade posts in the discipline.


	This specification represents a concise statement about the main features of the programme and should be considered alongside other sources of information provided by the teaching department(s) and the University. In addition to programme specific information, further information about studying at The University of Sheffield can be accessed via our Student Services web site at www.shef.ac.uk/ssid.
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