MRI Homework
1. While x-rays are used to image bones, magnetic resonance imaging (MRI) is used to examine tissues within the body by detecting where hydrogen atoms (H atoms) are and their environment (e.g. is the H atom part of water (H2O) or is it part of a long hydrocarbon chain as in a fat molecule). 

a. A fundamental feature of an MRI machine is a very strong background magnetic field with the magnetic field lines running along the length of the magnet core where the patient is placed. 

i. (0.5 pt each) Consider the following arrangements of bar magnets in a strong magnetic field. 


For which of the following magnets is the potential energy lowest? (if more than one, check all that apply)
  [image: image1.wmf] A   [image: image2.wmf] B   [image: image3.wmf] C   [image: image4.wmf] D   

For which of the following magnets is the potential energy highest? (if more than one, check all that apply) 
  [image: image5.wmf] A   [image: image6.wmf] B   [image: image7.wmf] C   [image: image8.wmf] D   

If the bar magnet is representing a magnetic moment of a proton, which represents the spin-up (spin=+1/2) case? 
  [image: image9.wmf] A   [image: image10.wmf] B   [image: image11.wmf] C   [image: image12.wmf] D   

Which represents the spin-down (spin=-1/2) case? 
  [image: image13.wmf] A   [image: image14.wmf] B   [image: image15.wmf] C   [image: image16.wmf] D   

If ( is a magnetic moment represented by the bar magnet and B is the strength of the external magnetic field, what is the difference in energy between the lowest and highest potential energy states? 
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  [image: image18.wmf] A   [image: image19.wmf] B   [image: image20.wmf] C   [image: image21.wmf] D   [image: image22.wmf] E   [image: image23.wmf] F   

ii. (0.75 pt) Why do they use as strong as possible magnetic field in an MRI machine? (check all that apply) 
[image: image24.wmf]a. Because the magnetic field causes the hydrogen nucleus to want to align its spin (that is, the magnetic moment associated with its spin) with this strong magnetic field 
[image: image25.wmf]b. Because the magnetic field causes the electrons in the hydrogen atoms to want to align their spin (that is, the magnetic moment associated with their spin) with this strong magnetic field 
[image: image26.wmf]c. Because the magnetic field causes molecules with hydrogen in them to want to align their molecular spin (that is, the magnetic moment associated with their molecular spin) with this strong magnetic field 
[image: image27.wmf]d. Because a stronger magnetic field increases the energy difference between a spin that is aligned and a spin that are anti-aligned with the magnetic field. 
[image: image28.wmf]e. Because a stronger magnetic field reduces the energy difference between a spin that is aligned and spins that is anti-aligned with the magnetic field. 

iii. (0.25 pts each) Which of the following are true? 

[image: image29.wmf]True   [image: image30.wmf] False   It requires energy to flip the nuclear magnetic moment of an atom from aligned with the magnetic field to anti-aligned with the magnetic field. 
[image: image31.wmf]True   [image: image32.wmf] False   Even when there is no external magnetic field, it still requires energy to flip the spin from spin-up to spin-down. 
[image: image33.wmf]True   [image: image34.wmf] False   When placed in an external magnetic field, there is a continuum of energies that nuclear magnetic moments can have depending on their orienation. 
[image: image35.wmf]True   [image: image36.wmf] False   In MRI, photons of just the right energy are used to flip the spin of the hydrogen nucleus. 
[image: image37.wmf]True   [image: image38.wmf] False   More visible photons absorbed during the MRI measurement indicates more hydrogen atoms in the sample being measured. 
[image: image39.wmf]True   [image: image40.wmf] False   At room temperature, 300K, thermal energy is enough to occasionally flip the nuclear magnetic moment of an atom even in the strong magnetic field of the MRI. 
[image: image41.wmf]True   [image: image42.wmf] False   When a patient is lying in the MRI magnet and the strong magnetic field (e.g. 1 Tesla) is on, but no radio waves are present, all of the hydrogen atoms in their body will have their nuclear magnetic moments in their lowest energy state, aligned with the field. 

iv. (essay) An MRI essentially detects H-atoms by looking at radio wave absorption and re-emission. Why are such strong magnetic fields necessary? Under what conditions would an H-atom within this strong magnetic field absorb a radio wave and what about the H-atom changes when this absorption occurs? 
[image: image43.wmf]




v. (1 pt) If radiowaves of 1 MHz are absorbed by the H-atoms, what is the energy difference (in eV) between the spin-up and spin-down states? 
[image: image44.wmf]


(1 pt) If you have 1 MHz radiowaves enegy passing through 1 cm3 (1 g) of water in this strong magnetic field and you assume that 1 hydrogen atom in 10,000 ends up absorbing a photon, how much energy (in mJ) is absorbed? (Hint each molecule of water weighs 3 x 10-23 g). 
[image: image45.wmf]


vi. (0.5 pts) If the strength of the magnetic field created by the MRI device decreased, what would happen? (Check all that apply) 
[image: image46.wmf]More 1 MHz radiowaves would be absorbed. 
[image: image47.wmf]Fewer, but still some 1 MHz radiowaves would be absorbed. 
[image: image48.wmf]No 1 MHz radiowaves would be absorbed. 
[image: image49.wmf]The energy difference between the spin-up and spin-down states would decrease. 
[image: image50.wmf]The energy difference between the spin-up and spin-down states would stay the same. 
[image: image51.wmf]The energy difference between the spin-up and spin-down states would increase. 

b. In order to obtain a 3-D image of the tissue within the body, an MRI device will use electromagnets to vary the strength of the magnetic field across the large hollow cylindrical magnet into which the person is placed. (This variation in strength is just a small change on top of the strong magnetic field. For example, on the left side of the hole through the magnet the strength will be slightly smaller than on the right side but it points in the same direction and is nearly the same strength on both right and left sides.) 

i. (essay) Describe how varying the strength of the magnetic field across the tube through the magnet where person is located allows you to measure the number of H-atoms in a just localized region or slice. 
[image: image52.wmf]




ii. (1 pt) The magnetic field varies by 1 tesla from the left side of the tube to the right side. The magnetic field strength at the left side (x = 0 meters) is 2 Tesla. The strength increases linearly until it reaches 3 Tesla at the opposite side of the tube (x=1 meter). Below are 2 representations of this gradient in the magnetic field. 

[image: image53.png]Magnetic Field Strength

i
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The technician measures some absorption of 120 MHz radio waves. At what value of x (in meters) were the hydrogen atoms that absorbed these radio wave photons located? (Note that the nuclear magnetic moment for hydrogen is 8.8 x 10-8 eV/Tesla) 
[image: image54.wmf]


iii. (essay) In many of the imaging processes, e.g. the microscope and the electron microscope, the resolution is limited by the wavelength of the light or the matter to a size scale comparable to the wavelength. Explain why this method of obtaining a 3D image gives an image with resolution that is much smaller than the 300 m wavelength of these radiowaves. 
[image: image55.wmf]




2. A form of MRI (usually called nuclear magnetic resonance) is used a great deal to analyze what atoms are in an unknown substance. Every chemistry department has several NMR machines for carrying out chemical analysis. The nuclear magnetic moment of a nitrogen atomic nucleus is about 1/14 th as large as the spin of a hydrogen nucleus, and for a sodium nucleus the magnetic moment is about 1/4 as big as for hydrogen. 

How could you modify an MRI machine to make it into an NMR machine that would detect the amount of nitrogen and sodium atoms in a chunk of material relative to the amount of hydrogen 

a. (0.75 pt) To modify the MRI to measure amount of Nitrogen, which of the following changes would work (we are making only one change at a time)? (check all that apply) 
[image: image56.wmf]Use radiowaves with 1/14th the energy 
[image: image57.wmf]Use radiowaves with 14 times the energy 
[image: image58.wmf]Use radiowaves with 1/4th the energy 
[image: image59.wmf]Use radiowaves with 4 times the energy 
[image: image60.wmf]Use a magnetic field strength 1/14th as large 
[image: image61.wmf]Use a magnetic field strength 14 times larger 
[image: image62.wmf]Use a magnetic field strength 1/4th as large 
[image: image63.wmf]Use a magnetic field strength 4 times larger 

b. (0.75 pt) To modify the MRI to measure the amount of Sodium, which of the following changes would work (we are making only one change at a time)? (check all that apply) 
[image: image64.wmf]Use radiowaves with 1/14th the energy 
[image: image65.wmf]Use radiowaves with 14 times the energy 
[image: image66.wmf]Use radiowaves with 1/4th the energy 
[image: image67.wmf]Use radiowaves with 4 times the energy 
[image: image68.wmf]Use a magnetic field strength 1/14th as large 
[image: image69.wmf]Use a magnetic field strength 14 times larger 
[image: image70.wmf]Use a magnetic field strength 1/4th as large 
[image: image71.wmf]Use a magnetic field strength 4 times larger 

c. (1 pt) If radio waves of 1.5 MHz are absorbed by unknown atoms in a gas, what is the energy difference (in eV) between the spin-up and spin-down states?

[image: image72.wmf]


i. (0.5 pts) If this is the energy required to flip the spin in an applied magnetic field of 0.035T, what is the magnetic moment? 
[image: image73.wmf]


ii. (0.5 pts) What atoms are in the gas? (enter periodic table symbol) 
[image: image74.wmf]


_1252331354.unknown

_1252331371.unknown

_1252331379.unknown

_1252331384.unknown

_1252331386.unknown

_1252331924.unknown

_1252332336.unknown

_1252332339.unknown

_1252332250.unknown

_1252331387.unknown

_1252331385.unknown

_1252331382.unknown

_1252331383.unknown

_1252331380.unknown

_1252331375.unknown

_1252331377.unknown

_1252331378.unknown

_1252331376.unknown

_1252331373.unknown

_1252331374.unknown

_1252331372.unknown

_1252331362.unknown

_1252331367.unknown

_1252331369.unknown

_1252331370.unknown

_1252331368.unknown

_1252331364.unknown

_1252331366.unknown

_1252331363.unknown

_1252331358.unknown

_1252331360.unknown

_1252331361.unknown

_1252331359.unknown

_1252331356.unknown

_1252331357.unknown

_1252331355.unknown

_1252331337.unknown

_1252331346.unknown

_1252331350.unknown

_1252331352.unknown

_1252331353.unknown

_1252331351.unknown

_1252331348.unknown

_1252331349.unknown

_1252331347.unknown

_1252331342.unknown

_1252331344.unknown

_1252331345.unknown

_1252331343.unknown

_1252331340.unknown

_1252331341.unknown

_1252331339.unknown

_1252331327.unknown

_1252331332.unknown

_1252331335.unknown

_1252331336.unknown

_1252331334.unknown

_1252331330.unknown

_1252331331.unknown

_1252331329.unknown

_1252331323.unknown

_1252331325.unknown

_1252331326.unknown

_1252331324.unknown

_1252331319.unknown

_1252331321.unknown

_1252331322.unknown

_1252331320.unknown

_1252331317.unknown

_1252331318.unknown

_1252331316.unknown

_1252331314.unknown

